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Abstract 
 
Background 
 
Health systems internationally face a common set of challenges: ageing populations, 
increasing numbers of patients suffering from multiple long-term conditions 
(multimorbidity) and severe pressure on health and care budgets. ‘Integrated care’ is 
pitched as the solution to current health system challenges. But, in the literature, what 
integrated care actually involves is complex and contested.  
 
Aims 
 

1. What does ‘integrated care’ currently look like in practice in the NHS?  
2. What is the effectiveness of current models of ‘integrated care’? 
3. To what extent are there differential effects of ‘integrated care’ for different types 

of multimorbidity? 
 
Methods 
 
The thesis utilises routinely collected data, systematic review and meta-analysis, 
combined with quasi-experimental methods (difference-in-differences, and subgroup 
analysis, difference-in-difference-in-differences).  
 
Results 
 
The current implementation of the concept of integrated care is predominantly carried 
out through multidisciplinary team (MDT) case management of ‘at risk’ (usually of 
secondary-care admissions) patients in primary care. This approach, however, has not 
proven capable of meeting health outcome and utilisation/cost aims. Patient 
satisfaction, though, is consistently improved by the approach. There might also be 
positive spill-over effects of increased team-working through MDTs for the wider practice 
population. There does not appear to be a multimorbidity subgroup which benefits 
significantly more than others in terms of secondary-care utilisation or cost. However, 
patients at the end of life and/or those with only primary-care sensitive conditions might 
benefit slightly more than others. 
 
Conclusions 
 
Integrated care, in its current manifestation, is not a silver bullet that will enable health 
systems to simultaneously accomplish better health outcomes for those with long-term 
conditions and multimorbidity while increasing their satisfaction with services and 
reducing costs. The current financial climate might mean that other means of achieving 
prioritised aims are required in the short-term, with comprehensive primary care and 
population health strategies employed to better prevent/compress the negative effects 
of lifestyle-associated conditions in the longer-term.  
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Thesis Overview 

 
This thesis takes the ‘alternative’ format, with the bulk of the chapters presented in the 

style of journal publications. To date, two of three (Chapters 5 and 6) of the papers 

presented within this thesis have been published in peer-reviewed journals (together with 

a perspective article which summarises the PhD findings as a whole (Stokes et al., 

2016)). The paper presented in Chapter 7 is currently under review with the journal BMC 

Health Services Research. Furthermore, the papers have a logical order as they were 

published/planned in relation to the key objectives of the aims of the thesis, and so 

together they constitute a coherent piece of work, which further justifies this ‘alternative 

thesis’ format. 

 

The first three chapters of the thesis provide a general introduction. I begin by outlining 

‘the challenge’ that health systems around the world face as they encounter 

demographic and epidemiological transitions, with the burden of disease shifting from 

acute to chronic conditions (frequently many accumulating in the same individual over 

the life-course, i.e. multimorbidity).  

 

I then examine the health system response to attempt to cope with this transition, so-

called ‘integrated care’, a concept with a number of different definitions and 

implementations, and I introduce the context in which the PhD research took place (the 

NHS in England). Following this, I focus on introducing the dominant model of ‘integrated 

care’ in practice, multidisciplinary team (MDT) case management.  

 

The fourth chapter gives a short overview of the methods employed during the research. 

Each of the methods is then discussed in more detail as part of each of the journal 

articles presented in Chapters 5-7. 

 

From the literature summarised in the introductory sections, three overarching research 

questions emerged: 

1. What does ‘integrated care’ currently look like in practice in the NHS?  

2. What is the effectiveness of current models of ‘integrated care’? 
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3. To what extent are there differential effects of ‘integrated care’ for different types 

of multimorbidity? 

 

These questions are addressed in the empirical research. These three papers and how 

the work links together are outlined below: 

 

Effectiveness of case management systematic review (Chapter 5) 

 

A small initial pilot study conducted as part of the PhD (outlined in Chapter 2) took a 

random sample of 10% of the 211 Clinical Commissioning Groups (CCGs), which had 

been mandated to integrate care in the NHS in England at the time (2013), and found 

that a clearly dominant model (81% of CCGs) of integrated care was apparent: 

multidisciplinary team case management (MDT). However, despite its wide adoption in 

practice, the effectiveness of the case management intervention was unclear in the 

literature, and so led to the first piece of research for the PhD project. 

 

This first empirical paper, which emerged from this research, set out to systematically 

identify the evidence of effectiveness of the dominant model of integrated care identified 

in the English NHS. Using systematic review and meta-analysis methods, effectiveness 

was measured across multiple health system outcomes (Health – self-assessed health 

status, mortality; Cost – total cost of care, healthcare utilisation [primary and non-

specialist care and secondary care separately], and; Satisfaction –patient satisfaction). 

Meta-analysis showed little effect across all outcomes, with an indication of a small 

statistically significant increase in patient satisfaction the only major finding. 

 

A number of gaps in the current evidence base were identified. For example, there was a 

complementary role identified for rigorous quasi-experiments in routine settings to better 

balance internal and external validity to the current heavy-reliance (78% of included 

studies in the review) on randomised controlled trials (RCTs). In addition, there was a 

limited perspective on outcomes - the majority of studies measuring effectiveness solely 

at an individual level, i.e. looking at average effects for individuals directly involved in the 

interventions and not at wider practice-level effects – potentially relevant with increased 

‘professional integration’ through MDT working. These gaps subsequently shaped the 

next piece of work, detailed below. 
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Integrated care in Central Manchester (MDT case management - Chapter 6) 

 

Here I aimed to contribute to the evidence base for MDT case management through an 

evaluation of a local integrated care intervention (Central Manchester CCG – Practice 

Integrated Care Teams (PICT)). I explored a number of health system utilisation outcomes 

using a robust quasi-experimental (difference-in-differences) study design. Effects were 

modelled distinctly at both the individual- (to capture direct effects of the intervention) 

and practice-levels (to capture any potential spill-over effects). 

 

Consistent with the previous review findings, only slight, clinically minimal differences 

between case managed patients and usual care were identified at the individual-level 

(i.e. those high-risk patients directly receiving the intervention). At the practice-level, 

however, it seemed that there might be small beneficial spill-over effects of increased 

professional integration. These spill-over effects were not conclusive though, and they 

failed a robustness check. 

 

With case management as an intervention generally aimed at complex multimorbid 

patients, the next piece of work assessed secondary analysis of this data, stratifying 

results by ‘type’ of multimorbidity. The aim was to identify any potential for better 

targeting the direct effects of the intervention to those who may benefit most. 

 

MDT case management and ‘type’ of multimorbidity (Chapter 7) 

 

There are multiple ways of conceptualising multimorbidity, and there is little evidence for 

what is effective for treating these complex patients. I carried out secondary analysis of 

the Central Manchester PICT data using difference-in-difference-in-differences analysis, 

to observe any subgroup effects of the intervention, stratifying results by: 

 

1) Mental-physical comorbidity versus others;  

2) 3+ chronic conditions versus <3;  

3) Discordant versus concordant conditions;  

4) Cardiovascular/metabolic cluster conditions only versus others;  

5) Mental health-associated cluster conditions only versus others;  
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6) Musculoskeletal disorder cluster conditions only versus others;  

7) Charlson index >5 versus others. 

 
The majority of conceptualisations suggested little to no difference in effect between 

subgroups. Where results were significant, the vast majority of effect sizes identified in 

either direction were very small. The trend across the majority of the results appeared to 

show very slight increases of secondary-care admissions with treatment for the most 

complex patients (i.e. highest risk). The exceptions to this, patients with a Charlson index 

>5 may benefit slightly more from case management with decreased ambulatory care 

sensitive condition (ACSC) admissions (effect size (ES): -0.06) and inpatient re-

admissions (30 days, ES: -0.05), and patients with only cardiovascular/metabolic cluster 

conditions may benefit slightly more with decreased inpatient non-elective admissions 

(ES: -0.12).  

 

Only the three significant estimates for the musculoskeletal disorder cluster met the 

minimum requirement for at least a ‘small’ effect. Two of these estimates in particular 

were very large. This cluster represented only 0.5% of the total patients analysed, 

however, so is immensely vulnerable to the effects of outliers, and makes me extremely 

cautious of interpreting these as ‘real’ effects. 

 

 

Following the presentation of this empirical work, I conclude the thesis with a discussion 

section, which synthesises the various outcomes of the individual papers. Here I also 

discuss overall strengths and limitations of the project as a whole, its relevance in the 

context of the wider literature and the relevance of the findings to researchers and 

policy-makers, and I indicate directions for future research opportunities. Finally, I 

present the overall conclusions of the PhD research.
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Author contributions 
 
First, as an alternative style thesis composed of papers that I have written with the input 

of co-authors, I will outline the role of each author in the core journal-style chapters that 

follow: 

 

Effectiveness of case management review (Chapter 5) 

Data acquisition: As first author, I led in designing the study protocol and search strategy, 

and ran the database searches for the systematic review. My PhD supervisors gave me 

feedback on the protocol and search strategy after the first draft was completed. 

Analysis: I led the abstract and title screening process, and data extraction. For scientific 

rigour, a proportion of the screening was also independently carried out by a second 

author, and all data extraction of the final included papers was independently replicated 

and checked for consistency by a second author. I performed the meta-analysis, and this, 

too, was double-checked by the second author. 

Writing: I led the manuscript writing on all drafts, and I responded to reviewer comments, 

and received and incorporated feedback from all co-authors. 

 

Integrated care in Central Manchester (MDT case management) (Chapter 6) 

Data acquisition: As above, as first author, I led in acquiring the data (after an initial 

introductory email to the CCG) and designing the protocol, with feedback from my PhD 

supervisors after the first draft. 

Analysis: I led all data analysis, with feedback on results and summary statistics received 

from the second author on a regular basis throughout the analysis period. 

Writing: I led the manuscript writing on all drafts, and responded to reviewer comments, 

and received and incorporated feedback from all co-authors. 

 

MDT case management and ‘type’ of multimorbidity (Chapter 7) 

Data acquisition: This paper used the data acquired for Chapter 6, and I designed the 

protocol with feedback from my PhD supervisors after the first draft. 

Analysis: I led all data analysis, with feedback on results and summary statistics received 

from the second author on a regular basis throughout the analysis period. 
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Writing: I led the manuscript writing on all drafts, and received and incorporated 

feedback from all co-authors. We are currently awaiting peer review from the journal 

BMC Health Services Research on the initial manuscript submission.
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1. Health system challenges 
 

1.1 Chapter Introduction 
 

As complex, dynamic systems, health systems are constantly evolving, and must 

adapt to new challenges (Atun, 2012; Lipsitz, 2012). The most important pressures 

currently are widely reported in the health systems literature (Nolte and McKee, 2008), 

and also regularly grab headlines in the wider popular media. These pressures are 

demographic and epidemiological transitions, multimorbidity and economic constraints. 

Understanding these pressures is vital for understanding changes that the health system 

could and should make in order to meet and improve on its so-called triple aim: 

improving the experience of care (user satisfaction), improving the health of populations 

(health gain), and reducing per capita costs of healthcare (cost-effectiveness) (Berwick et 

al., 2008). 

 

1.2 Demographic and epidemiological changes 

1.2.1 Expanding and ageing population 
 

Globally, the population is expanding. Currently, the world’s population stands at 

an estimated 7.3 billion people (up from 2.5 billion in 1950), and is projected to rise to 

9.7 billion in 2050, and to 11.2 billion in 2100 (United Nations, 2015). There are a 

number of reasons for this expansion in population, and the majority relate to our 

previous successes at tackling key challenges that our societies and health systems 

have faced. These include major public health advances and improved medical 

understanding and technology (Bunker, 2001). These successes are particularly obvious 

in more developed countries. 

 

Global life expectancy at birth is currently 70 years, projected to rise to 77 years 

in 2050, and 83 years in 2100 (projections dependent on further reductions in the 

spread of HIV, and successfully combatting other infectious and chronic diseases) 

(United Nations, 2015). Under-5 mortality has also decreased rapidly. These absolute 

declines have been particularly large in Sub-Saharan Africa and the least developed 

countries, as they catch up with the more developed countries in the West (United 
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Nations, 2015). However, there remains a large gap in both life expectancy and under-5 

mortality between countries based on their GDP (Gross Domestic Product) levels 

(Houweling et al., 2005), which is a proxy for the countries’ development level. 

 

This increasing longevity has led to a re-structuring of the population pyramid. The 

segment of the population aged 60 or over currently comprises 12% of the global 

population, and this segment is also the fastest growing one, at a rate of 3.26% per year. 

Consequently, by 2050, with the exception of Africa, all major areas of the world are 

expected to have nearly 25% or more of their populations aged over 60 (United Nations, 

2015). In addition, the fertility rate tends to vary to a large degree across regions, further 

exacerbating changes to the population spread. As countries become more developed, 

they tend towards major reductions in average family size, with middle-income countries 

currently at an intermediate-fertility level, and developing countries remaining at a fairly 

high-fertility level (United Nations, 2015). As a result, we now see proportionately 

(through restructuring of the population pyramid) and absolutely (by means of a general 

trend towards increasing global population) more elderly people in the population. 

 

1.2.2 Changing lifestyles 
 

With longer life and increasing wealth, a so-called modernisation of lifestyles has 

also played a role in these demographic and epidemiological changes (Nolte and McKee, 

2008). For example, the type of work performed by the majority of the population has 

shifted from jobs in heavy industry involving manual labour typical in the past to more 

sedentary and safe office work in developed, post-industrial nations (Bell, 1976). In 

addition, as more of the population works outside the home, and there is consequently 

less time for meals to be cooked from scratch, processed foods are consumed more 

frequently, with time-saving benefits but also potential health risks (Bouvard et al., 

2015). Many of these lifestyle changes can be protective against some forms of 

disease/illness. For example, injuries are reduced as the workplace becomes safer 

(Shahnavaz, 1987). But, these changes also act as risk factors for other injuries and 

diseases, for instance musculoskeletal disorders such as repetitive strain injuries (Keller 

et al., 1998), obesity and its related metabolic as well as cardiovascular problems (Bray 

et al., 2004; Hubert et al., 1983), and cancers (Bouvard et al., 2015). 
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1.2.3 Epidemiological transition 
 

In the context of an overall expanding and ageing population, with changing 

lifestyle factors as countries become more developed, we observe an epidemiological 

transition. This transition sees overall absolute disease burden decrease, and the 

proportional disease burden shift from a majority of infectious diseases to a majority of 

lifestyle-related, chronic, long-term conditions as countries develop (Omran, 1971). 

Therefore, chronic disease is now a global problem. 

 

As people live longer, their likelihood of developing a chronic disease increases 

(Nolte and McKee, 2008). The influences of the social determinants of health have been 

well documented (Wilkinson and Marmot, 2003), and an accumulation of these and 

other risk factors over the life-course acts to increase the likelihood of individuals 

developing not just one but several of these conditions over a longer lifespan (so-called 

multimorbidity). This is particularly true because many of our healthcare advances allow 

us to control but not necessarily cure these conditions (Nolte and McKee, 2008).  

 

1.3 Multimorbidity 

1.3.1 Definition 
 

Multimorbidity is most simply defined in terms of quantity (i.e. multi) of chronic 

diseases (i.e. morbidity). One of the most cited definitions of multimorbidity is therefore 

Boyd and Fortin’s; “the coexistence of two or more chronic conditions, where one is not 

necessarily more central than others” (Boyd and Fortin, 2010). What is included as a 

chronic condition is debatable, and many suggest that they include not only a number of 

non-communicable diseases (NCDs) but also some caused by infectious agents, which 

can now be controlled over a lifetime, for example HIV (Nolte and McKee, 2008). Others 

have also included risk factors (e.g. obesity) when applying the definition in practice 

(Prazeres and Santiago, 2015; Willadsen et al., 2016). However multimorbidity is 

defined, though, a common issue is that increasingly complex, extended, and 

coordinated responses are required by multiple practitioners to manage such patients 

(Nolte and McKee, 2008). 

 

Boyd and Fortin’s definition builds on van den Akker’s separation of 

multimorbidity from a similar concept, that of comorbidity. Comorbidity differs in its 
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emphasis on a single index condition, with other diseases said to co-exist with this index 

condition simultaneously (Feinstein, 1970; van den Akker et al., 1996). This subtle but 

significant difference between the definitions of comorbidity and multimorbidity (i.e. the 

lack of a single index condition in multimorbidity) means that the latter term is more 

suitable for application with regard to the primary care setting. After all, the identification 

of an index disease bears little obvious or useful relevance in primary care as treatment 

focus is on the patient as a whole (Valderas et al., 2009). In addition, seeing all diseases 

as equally important better frames the problem, allowing researchers to approach 

analysis of multimorbidity through a systems perspective, e.g. by paying attention to 

interactions. 

 

Simply counting the number of conditions is the most obvious practical 

implementation of the simplest definition of multimorbidity and can be easily applied in 

practice. That is why to date, this simple measurement technique has been used 

extensively to describe the extent of the multimorbidity problem (estimating prevalence 

rates; and identifying where the greatest burden may lie), as well as for outlining 

common associations with demographic factors for instance. This simple approach is 

clearly limited, however. 

 

Other, more complex conceptualisations of multimorbidity exist in the literature. 

These can be broadly categorised into three additional groups (beyond the simple count 

concept): 1. Grouping chronic diseases by dyads or triads (e.g. common disease 

clusters); 2. Using an index of variable complexity, based, for example, on risk or on past 

healthcare utilisation identified as associated with substantial future care (e.g. Charlson 

index – detailed in Chapter 7), 3. Identifying homogeneous groups of people with 

common diseases and characteristics (e.g. those with both mental and physical 

comorbidities) (Lefèvre et al., 2014). With respect to the aims of adapting services and 

interventions to better manage patients with multimorbidity, however, it is unknown 

which of these approaches has the most practical applicability. Ultimately, measuring 

complexity with a simpler model may not be adequate, although it remains to be seen 

how much the existing alternatives can offer for the interpretation of subgroup analyses, 

or adaptation of interventions tailored to specific groups.  
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1.3.2 Prevalence 
 

Estimates of the prevalence of multimorbidity vary widely in the literature, 

although its commonality is well established (Salisbury et al., 2011). This variation in 

estimates is most likely attributable to the lack of common definition discussed above, 

and the resultant variation in criteria used for measurement, e.g. differences in selection 

of the number and types of condition included (van den Akker et al., 1998). One of the 

largest, and a nationally representative sample (a cross-section of the Scottish 

population in 2007), however, estimated that 23.2% of the population are multimorbid 

(defined as two or more chronic conditions), with this proportion increasing with age 

(Barnett et al., 2012). A subsequent large study from the Basque country, furthermore, 

also found a commensurate proportion to Barnett et al (2012), with multimorbidity 

identified in 23.6% of the population (Orueta et al., 2014). But, these estimates, 

although large, are in fact fairly conservative compared to those of many other studies 

(Fortin et al., 2007b). The seminal Barnett et al. study also outlined the difference 

between the proportional prevalence (the proportion rises with age) and the absolute 

prevalence of multimorbidity (in absolute numbers, it is more common in those younger 

than 65) (Smith et al., 2012; Barnett et al., 2012). This highlights the importance of 

issues associated with multimorbidity for the population as a whole. In particular, though, 

the rate is higher in more deprived populations, where onset of multimorbidity was found 

to occur 10-15 years earlier than in the most affluent (and this was especially true for 

multimorbidity including at least one mental health disorder) (Barnett et al., 2012). 

These associations have also been replicated by other study findings (Salisbury et al., 

2011; Orueta et al., 2014; Boyd and Fortin, 2010). 

 

The overall prevalence can be broken down to two broadly described population 

groups (see Figure 1) according to the Department of Health (DoH) ‘Comorbidities 

framework’:  

 

x Firstly, there is the group of older patients, whose multimorbidities arise mostly 

from increased life expectancy, and exposure to risk factors over their extended 

life course.  
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x Secondly, there is a younger group, whose multimorbidities can instead be 

perceived to arise from either congenital or early-life disease and/or shorter-term, 

but more intense exposure to risk factors (e.g. smoking, obesity, alcohol 

consumption, physical inactivity etc.) resulting from widening social inequalities 

and deprivation, as well as lifestyle changes.  

 

The DoH suggests that these two sub-groups may require different approaches to 

action, e.g. more of a focus on prevention and tackling the wider determinants of health 

for the younger group, and a focus on maintaining functioning and quality of life, with 

coordination particularly important for the older group (Department of Health, 2014b). 

 

 
Figure 1: Two main population groups associated with multimorbidity (comorbidity) according to the Department of 
Health (DoH). Source: (Department of Health, 2014b) 

 

 

1.3.3 The problem of multimorbidity  
 

Multimorbidity is associated with a number of poor outcome measures. 

Decreased quality of life (Fortin et al., 2007b), increased hospital admissions (Smith et 

al., 2012) and time spent in hospital, increased complications following an operation, 

increased mortality rate (Fortin et al., 2007b), disability, frailty (Marengoni et al., 2011), 

and increased risk of developing further chronic mental health conditions (e.g. 
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depression) (Smith et al., 2012) are all more likely for patients with multimorbidity. These 

factors create additional healthcare needs for the patient, potentially creating self-

management and additional treatment issues (e.g. potentially complex drug regimens - 

polypharmacy), the need to attend multiple appointments, and the added psychological 

distress caused by attempting to manage these added burdens (Wallace et al., 2015). 

 

For physicians, these factors increase the clinical complexity of managing multiple 

conditions. Patients with multimorbidity constitute the majority of consultations for 

General Practitioners (GPs) (Salisbury et al., 2011). However, frequently multiple 

practitioners (across various levels of the health and care system) are required to 

manage these patients, which poses the potential for coordination and communication 

problems.  

 

Evidence-based treatment of single long-term conditions has to date been led by 

guideline-based care, and chronic care pathways have also been targeted at single 

conditions. Physicians are given advice on the optimum drug and treatment regimens for 

a patient with that single condition only, and the guidelines that are frequently used tend 

to focus too narrowly on a single disease, with disease or treatment interactions rarely 

mentioned. This makes them unsuitable for adaptation to the multimorbid patient 

groups, as following multiple guidelines simultaneously has proven in practice to lead to 

unsafe drug interactions as well as likely duplication of efforts on the part of 

practitioners, which in turn results in a large burden of care for the patient (Boyd et al., 

2005; Weiss et al., 2014). Recent guidelines for multimorbidity from the National 

Institute for Health and Care Excellence (NICE) suggest ways to address these issues, in 

particular the care burden (NICE, 2016b). The specificity of these recommendations is 

low, however, on account of the sparse evidence available for combination (Moffat and 

Mercer, 2015; Fraccaro et al., 2015).  

 

The complexity of management, furthermore, can be expected to increase the 

opportunity for suboptimal management (Zulman et al., 2013). However, some studies 

have found that multimorbid patients’ self-reported experiences of care are not 

necessarily poorer than those with single conditions (Bower et al., 2013). But as the 

authors of one such study state, a low response rate common in this type of study may 

miss many of those patients with multimorbidity receiving poor care (Bower et al., 2013). 
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In contrast, some qualitative studies have reported shortfalls in the delivery of care to 

patients with multimorbidity (Bayliss et al., 2008), and other studies have reported 

decreased quality of care for specific groups of conditions, particularly for those which 

are discordant/unrelated (Zulman et al., 2013). It may therefore be the case that there 

are sub-groups of patients at increased risk of poor care (Bower et al., 2013). This theory 

would accord with the findings of a recent systematic review, which concluded that the 

association between multimorbidity and patient safety incidents varies by ‘type’ of 

multimorbidity and ‘type’ of patient safety incident (Panagioti et al., 2015).  

 

On the basis of the evidence summarised above, it is commonly assumed that 

patients with multimorbidity are at increased risk of receiving fragmented, inefficient, 

ineffective care, which increases their likelihood of preventable hospital admissions and 

complications (Boyd and Fortin, 2010). The complexity and frequency of interactions with 

multiple health services, in turn, increases vulnerability to coordination breakdowns 

(Bower et al., 2013), and presents organisational challenges for the health system 

(Fortin et al., 2007b). This indicates that multimorbid patients may have greater need in 

relation to less complex patients for well-coordinated, holistic, patient-centred care. 

However, to date there has been a lack of studies comparing interventions for effectively 

treating multimorbidity generally (Smith et al., 2016), and the effects of interventions on 

multimorbid patients through secondary analysis have similarly been neglected by those 

analysing interventions primarily aimed at other populations (van den Akker et al., 2015). 

There is therefore a gap in the literature concerning what is actually effective (or not) to 

manage these patients.  

 

 This gap in knowledge, furthermore, has major practical implications for delivery 

of healthcare. After all, it is frequently argued by health system researchers that current 

health systems have evolved to treat acute conditions and single chronic conditions, with 

a highly specialised, siloed approach working well to this end (with this success in turn 

leading to the epidemiological transition, as outlined in section 1.2.3 above). Treating 

patients with multiple chronic conditions in this arguably outdated health system setup, 

however, has major effectiveness and efficiency issues, with obvious cost implications. 
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1.4 Economic constraints 

1.4.1 Increasing cost of care 
 

In the majority of countries, healthcare expenditure (as a proportion of GDP) is 

increasing steadily (see Figure 2). Analysts frequently identify ever-advancing medical 

technology (e.g. drugs and medical devices) and diffusion of this technology through the 

health system as the major cost drivers. However, a number of other important factors 

also contribute: expanding and ageing populations with a more complex patient mix (as 

discussed above); increased public demand and expectations; personal income growth 

and labour costs for physicians; and inefficiencies in healthcare organisation (Sorenson 

et al., 2013).  

 

 
Figure 2: Share of GDP (%) for healthcare expenditure (1980-2010) in selected OECD countries. Source: 
http://stats.oecd.org/index.aspx?DataSetCode=HEALTH_STAT 

 
As previously mentioned, managing multiple conditions requires increasingly 

complex interventions and multiple practitioners. Doing this over a long period of time for 

an increasing proportion of the population has obvious cost implications, unless there is 

a significant compression of morbidity, i.e. a reduced amount of time at the end of life in 

worse health (Fries, 1980). Evidence of whether this compression ever in fact occurs is 

mixed, and appears to be influenced by the type of health indicator chosen. Studies 
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using chronic disease indicators, for instance, tend to suggest an expansion of morbidity, 

while those using disability- or impairment-related measures tend to support the theory 

of compression (Chatterji et al., 2014).  

 

There is, however, fairly clear evidence from multiple health system settings that 

treatment costs increase with increasing numbers of chronic conditions (thought to be 

expanding rather than compressing, as mentioned above). As the number of conditions 

increases, utilisation of health services (at all levels) also increases, and total healthcare 

costs subsequently increase too (Brilleman et al., 2014; Glynn et al., 2011; Bähler et al., 

2015; Yoon et al., 2014). Multimorbidity, and not age, is thus found to be the key driver 

of health and social care costs (Kasteridis et al., 2015). 

 

The majority of healthcare costs are consequently generally deemed to be driven 

by a small number of extremely high-cost patients (so-called super utilisers who tend to 

be multimorbid patients frequently with additional social complications) (Gawande, 

2011). The majority of studies on the costs attributed to this group originate from the US 

and Canada (Chechulin et al., 2014), with a recent estimate by the United States 

Government Accountability Office stating that the most expensive 5% of Medicaid-only 

enrolees accounted for 48% of Medicaid-only health spending in each year from 2009 to 

2011 (GAO, 2015).  This group has therefore become the focus (in the US, Canada, and 

beyond) of many policy initiatives aimed at cutting health spending, i.e. ‘high-risk’ 

patients at the ‘top of the population pyramid’ (referring to the Kaiser pyramid shown in 

Figure 3) are being targeted (Boult et al., 2008).  
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Figure 3: Kaiser pyramid showing the percentage of the population (right) and their relative risk (left). Source: (Lewis et 
al., 2011) 

 

However, the assumption about the cost-saving benefits from targeting this high-

risk group alone is conditional on two factors: 1) that the group is consistent over time, 

particularly in the case of a group with multiple ingrained long-term conditions, whose 

treatment is likely to be complex and take time; and 2) that it is actually possible to treat 

these patients in a way that prevents admissions/saves costs.  

 

There is some evidence, though, that this group is not in fact consistent at the 

individual-level over time. A recent study in Denver, for instance, found, similarly to the 

evidence highlighted above, that 3% of their patients accounted for 30% of adult 

healthcare charges. However, fewer than half of these patients were identified in this 

high-risk 3% only seven months later, with just over a quarter still in this group after one 

year (Johnson et al., 2015). This may therefore be a prime example of the ecological 

fallacy, whereby population-level findings have been extrapolated to the individual-level 

inappropriately (Piantadosi et al., 1988).  
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Furthermore, there is little evidence that targeting this group has led to any 

significant reductions in emergency admissions to date (Purdy, 2010), nor that there is 

any theoretical basis for believing that doing so would have a major impact (Roland and 

Abel, 2012; Rose, 1981). The extremely small numbers identified as ‘high-risk’ by 

available risk tools also poses further questions. This is particularly true when the even 

smaller number of these patients whose expensive hospital admissions are potentially 

avoidable are considered alone (Wallace et al., 2016).  

 

Nevertheless, the sustainability of the increasing healthcare expenditure at the 

country level is questionable (Appleby, 2013), as outlined at the start of this section. This 

is particularly true in the wake of the 2008 global economic crisis and the subsequent 

austerity measures that have been introduced in many parts of Europe in particular, 

leading to sometimes drastic cuts in government spending (McKee et al., 2012b). There 

is therefore a need for better use of resources to align increasing needs and 

expectations of the population with limited resources. 

 

1.4.2 Three fronts: Demand, Efficiency and Funding 
 

The NHS’s Five Year Forward View outlines the changes that NHS England plans 

to implement to address the challenges outlined in this initial section (NHS England, 

2014b). The document calls for action on ‘three fronts’ to maintain a comprehensive and 

high-quality service moving forward, tackling: 

 

  1) Demand - calling for preventative services as the focus for decreasing demand 

per capita;  

 
2) Efficiency – calling for a 2% net efficiency gain per year through both ‘catch up’ 

(matching best performance already present in the system) and ‘frontier shift’ (using 

innovation to increase efficiency); and, 

 

 3) Funding – calling for the necessary funding to be invested to achieve the 

necessary actions.  

 

New models of care (particularly addressing demand and efficiency) are called for 

to achieve appropriate results in health systems that have evolved to tackle acute 
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conditions (Nolte and McKee, 2008), with ‘integrated care’ the most favoured 

alternative. 

 

1.5 Chapter Conclusions 
 

In this chapter, I have shown the challenges that health systems are currently 

facing, and why they must find a solution to deliver effectively on their goals. Next, I will 

introduce a potential theoretical solution.
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2. The preferred solution: Integrated care (in theory) 
 

2.1 Chapter Introduction 
 

There is a preferred solution to adapt to the health system challenges previously 

outlined, ‘integrated care’. In this chapter, I introduce this concept, as well as the 

relevant context where this change examined in this thesis is being introduced, the NHS 

in England. The chapter concludes with the research questions that the thesis sets out to 

answer. 

2.2 Integrated Care 
 

The NHS England Five Year Forward View and international health system 

advisory groups like the World Health Organization call for the development of new 

models of care which ‘integrate’ services across different sectors (World Health 

Organization, 2015; NHS England, 2014b; Goodwin et al., 2012). As illustrated above, 

better ‘integration’ may be especially important for the increasing numbers of patients 

with multimorbidity. These patients have more complex and multiple needs (Fortin et al., 

2007b), and are at increased risk of patient safety failures as a result of fragmented 

care (Panagioti et al., 2015). 

 

This first section examines how integrated care is defined theoretically, and what 

it is expected to achieve. 

 

2.2.1 Definition 
 

 There is no consensus on what integrated care actually means. Indeed, one 

hundred and seventy-five varying definitions of the concept were identified in a recent 

literature review (Armitage et al., 2009). A multitude of associated terms (e.g. 

coordinated care, seamless care, etc.) further complicate the matter, as do differences 

between definitions deployed in each of the myriad of health systems where integrated 

care is expected to be implemented (Nolte and McKee, 2008). The multiple stakeholders 

within each health system (the user, ground-level provider, management, policy makers, 

etc.), will each have a different perspective on how integrated care may be defined in line 
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with their own perceptions of and interaction with the system, and the goals they wish to 

achieve from it (Lloyd and Wait, 2006). However, the definitions of ‘integrated care’ can 

be broadly categorised into outcome-based definitions, or process-based definitions. 

 

 Outcome-based definitions vary by stakeholder perspective. Examining the 

literature, the patient perspective is the most common, in keeping with the move towards 

person-centred health systems (World Health Organization, 2015). The definition 

adopted by the NHS in England (BMA, 2014) exemplifies such an outcome-based 

definition. It consists of a ‘narrative for person-centred coordinated care’. A series of ‘I’ 

statements that define integrated care in terms of the patient’s experience of ‘joined-up 

care’, centred around the statement: “I can plan my care with people who work together 

to understand me and my carer(s), allow me control, and bring together services to 

achieve the outcomes important to me” (Department of Health, 2013). Many of the 

statements are also normative. For example, the statements call for integrated care to 

include: 

 

x personal budgets: “I know the amount of money available to me for care 

and support needs, and I can determine how this is used (whether it’s my 

own money, direct payment, or a ‘personal budget’ from the council or 

NHS)”;  

 

x patient accessible and writable care records: “I can see my health and 

care records at any time. I can decide who to share them with. I can 

correct any mistakes in the information”;  

 

x and case management: “I work with my team to agree a care and support 

plan…I have regular reviews of my care and treatment, and of my care 

and support plan”. 

 

Process-based definitions appear to be far less common in the literature, but 

when they are deployed focus on the process of “integration of health and social 

services” (Gröne and Garcia-Barbero, 2001). For example: “Integrated Care is a concept 

bringing together inputs, delivery, management and organization of services related to 
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diagnosis, treatment, care, rehabilitation and health promotion” (Gröne and Garcia-

Barbero, 2001). 

 

One of the most frequently cited definitions of integrated care, however, combines 

both process and outcome: 

 

“Integration is a coherent set of methods and models on the funding, 

administrative, organizational, service delivery and clinical levels designed to 

create connectivity, alignment and collaboration within and between the cure and 

care sectors. The goal of these methods and models is to enhance quality of care 

and quality of life, consumer satisfaction and system efficiency for patients with 

complex, long term problems cutting across multiple services, providers and 

settings. The result of such multi-pronged efforts to promote integration for the 

benefit of these special patient groups is called ‘integrated care’.” (Kodner and 

Spreeuwenberg, 2002) 

 

 This definition itself highlights the main issue with integrated care, though: it is 

not a single ‘thing’ at all. Instead, it is an umbrella term for changes to the health system 

(across all health system compartments e.g. funding/organisation/service delivery (Atun 

et al., 2013)) that better adapt it to deliver care to complex, multimorbid patients. The 

‘integration’ focus suggests that this should be accomplished through closer working 

between different health and traditionally non-health sectors and services. It aims to 

achieve outcomes across multiple aims simultaneously: health outcomes, increased 

satisfaction and cost-effectiveness. 

 

2.2.2 ‘Types’ and assumptions of integrated care 
 
 While integrated care is inherently difficult to define because of its broad focus 

and aims, there have been various categorisations and frameworks that have been 

derived for classifying types of integration. The different taxonomies of integrated care 

have been identified in a literature review by Nolte & McKee (Nolte and McKee, 2008):  
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x Breadth of integration: horizontal integration (between organisations at the same 

level of healthcare, e.g. primary care)/ vertical integration (between organisations 

at different levels of healthcare, e.g. between primary and secondary care)  

 

x Type of integration: functional integration (e.g. management, planning and quality 

improvement) / organisational integration (e.g. networks, mergers, contracting) / 

professional integration (e.g. joint working, group practice) / clinical integration 

(e.g. coordination of patient services)  

 

x Degree of integration: Leutz (Leutz, 1999) describes integration on a scale from 

Linkage Æ Coordination Æ Full integration. The degree of integration required 

corresponds to the complexity of the user’s need 

 

x Process of integration: structural (integration of tasks and functions) / cultural 

(integration of values and norms) / social (development of relationships)  

 

Others have used different classifications, for instance:  

 

x Virtual (alliances, networks etc.) / Real (mergers) integration (Curry and Ham, 

2010) 

 

x System level / Coordination of services or programs / progressive or sequential 

models (Armitage et al., 2009) 

 

x Levels of integration: micro / meso / macro (Curry and Ham, 2010) 

 

x Strategies of integration: Funding / Administrative / Organisational / Service 

delivery / Clinical (Kodner and Spreeuwenberg, 2002) 

 

x Main focus of integration: Changed relationships between service providers / 

Coordination of clinical activities / Improving communication between service 

providers / Support for clinicians / Information systems to support coordination / 

Support for health/social care service users (RAND Europe and Ernst & Young 

LLP, 2012; Powell Davies et al., 2008) 
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x Combining primary care and integrated care: Person-focused care (Clinical 

integration) / Population based care (Professional integration, Organisational 

integration, System integration) with Normative/Functional integration spanning 

both (Valentijn et al., 2015; Valentijn et al., 2013)   

 

While many of these classification systems may function in theory, it can be 

difficult to apply many of them to the multi-faceted, complex approaches to integrated 

care in practice, i.e. to actually implement change. It is argued that integrated care will 

generate significant health gains alongside improvements in patient satisfaction and 

cost-effectiveness (Department of Health, 2013; World Health Organization, 2015). 

Better linkage and coordination are expected to decrease duplication of effort and so 

improve the efficiency and cost-effectiveness; better management by teams of 

multidisciplinary professionals is expected to improve management, particularly of 

multimorbid patients, and so health outcomes; and improved coordination combined 

with providing care as far as possible in the primary care setting is expected to improve 

patient experiences. 

 

2.2.3 Primary health care at the centre of integrated care  
 

Primary health care (PHC) is most notably defined as “first-contact, continuous, 

comprehensive, and coordinated care provided to populations undifferentiated by 

gender, disease, or organ system” (Starfield, 1994). The 1978 Alma-Ata meeting of 

health ministers from around the world, and resulting declaration, was a turning point for 

global health systems. The declaration combined a comprehensive philosophy for 

development, with PHC at the core – the aim being to provide ‘health for all’. It also 

identified key principles to work towards, based on the WHO’s broad definition of health 

(“a state of physical, mental and spiritual well-being, not merely an absence of disease or 

infirmity” (World Health Organization, 1948)): equity, and community participation (Lawn 

et al., 2008).  

 

In spite of the declaration, however, the comprehensive primary care approach 

was rarely implemented. A move towards siloed, disease-specific interventions to 

manage chronic diseases became the norm instead (Lawn et al., 2008). Indeed, 
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Wagner’s Chronic Care Model, one of the most widely used chronic disease treatment 

paradigms implemented since Alma Ata, has further emphasised the single-disease 

focus when the conceptual framework has been implemented in practice (Bodenheimer 

et al., 2002a; Bodenheimer et al., 2002b). 

 

The most recent practical efforts towards realising these Alma Ata principles, 

however, follow the Millennium Development Goals, in the form of the move towards 

Universal Health Coverage (UHC). Again, comprehensive PHC (encompassing prevention 

of disease and health promotion) is identified as the fundamental priority focus to deliver 

functioning health systems, and achieve this vision in an economically sustainable way 

(World Health Organization, 2010). PHC is considered to be at the core of a well-

functioning health system, which by improving health outcomes (Atun, 2012; World 

Health Organization, 2007) contributes to economic and social development (World 

Health Organization, 2010), and wealth creation (McKee et al., 2012a). 

 

It has been argued that primary care is the most efficient level of the health 

system at which to invest resources (World Health Organization, 2010). The evidence for 

this at the population level is fairly strong, with health systems with a strong primary-care 

base generally delivering better results across improved health outcomes, improved 

patient satisfaction, and increased cost-effectiveness compared to weaker systems 

(Atun, 2004; Stokes et al., 2015a; Starfield et al., 2005). There are a number of possible 

mechanisms by which this cost-saving and efficiency might occur.  

 

The first possibility is that PHC will be able to deliver effective preventative care, 

with upstream interventions preventing disease, or at least disease exacerbation 

(Starfield et al., 2005). This would in theory save costs associated with treating 

established disease with the combination of more expensive interventions and increased 

contacts with the health system. Where this cost saving can be optimised, however, may 

not be what we imagine as traditional primary care (e.g. GP-led care), since the cost-

effectiveness of medical interventions (carried out in the traditional healthcare settings, 

e.g. primary, GP-led, or secondary, hospital-led care) varies significantly. Whereas the 

vast majority of public health interventions have been shown to be highly cost-effective – 

for example, a recent study synthesised the cost-effectiveness data from NICE public 

health guidance and found 85% of the  public health interventions were cost-effective at 
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a threshold of £20,000 per quality-adjusted life year (QALY), and 15% were shown to be 

cost saving (Owen et al., 2011). Likewise, more ‘basic’ (and even less likely to be 

considered traditionally primary health care interventions), affecting water and 

sanitation, are found to be always cost-effective, with an estimated return on a $1 

investment of between $5 and $28 (Hutton and Haller, 2004). While not traditional 

primary care examples, these interventions would conform to what Alma Ata called 

comprehensive primary care. 

 

The second possibility is that PHC is a less expensive setting in which to deliver an 

intervention, with fewer overheads compared to the hospital setting (Monitor, 2013). As 

a consequence, a number of interventions attempt to substitute secondary care with 

care in this theoretically cheaper and more effective setting (particularly in the case of 

multimorbid patients, for example, perhaps generalists are better suited to manage the 

patient holistically). While there is some evidence to date that this substitution may be 

possible (Roberts and Mays, 1998), it is far from conclusive. This is particularly true for 

‘high-risk’ (complex) groups of patients, where more evidence of what is effective for 

reducing hospital admissions is needed with little effectiveness to date (Purdy, 2010; 

Wallace et al., 2016). There is also little theoretical justification for and evidence of the 

same actions being cheaper in primary as opposed to secondary care, unless the action 

is conducted by someone from a lower paid profession. If the hospital remains open and 

running while the actions are conducted in primary care, then the expensive overheads 

will remain, while demand for primary care services is increased.  

 

In any case, while there is a consensus that primary care is the best place to 

coordinate care from, there is no single version of primary care, just as there is no single 

version of a health system. These different system contexts will affect the outcome of 

interventions within them (Craig et al., 2008). Any additional integration of care activity 

will therefore be affected by the context in which it takes place. 
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2.3 Context  

2.3.1 Importance of reporting context 
 
 It is clear, then, that context will play an important role when implementing health 

service interventions, and likewise when attempting to analyse or measure outcomes 

within the health system setting. This recognition of the significance of context in turn will 

affect both the methods used to conduct the analysis, and how the findings are reported. 

 

When reporting findings of complex interventions/systems analyses, it is thus 

important to explicitly detail aspects of context, so that relevant statistical adjustments 

can be made by further researchers (e.g. in meta-analysis), or, so that generalisability 

can be hypothesised by policymakers who may wish to transfer an intervention to their 

own context.  

 

Some health system analytical frameworks include a structured approach to 

reporting context specifically relevant to the health system. One notable example in the 

literature that focuses on context is Atun’s health systems framework (Atun et al., 2013), 

which uses the acronym DEPLESET (Demographics, Epidemiology, Political, Legal, 

Ecological, Socio-cultural, Economic, Technological) to structure context reporting (Atun 

and Menabde, 2008). This DEPLESET model is utilised in the section below to describe 

the context (the NHS in England) directly relevant to the thesis, together with a brief 

description of key aspects of the health system itself. 

 

2.3.2 NHS in England 
 

Each of the four countries in the UK (England, Scotland, Northern Ireland, and 

Wales) has a tax-funded NHS with universal coverage (a Beveridge health system). In a 

tax-funded health system, as in any other such system, resources are limited, although 

the way in which these resource limitations are realised differs depending on funding 

source. So, for instance, while in a number of insurance-based health systems, services 

(resources) are rationed by ability to pay (either directly/through individual’s insurance 

coverage), in the NHS, resources are free to everyone at the point of delivery, but are 

rationed through waiting times. This rationing system is naturally politically fraught (like 

any other), and can conflict with political target-making/-breaking. 
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Each of the devolved health systems in the UK differs in some respects. In the 

NHS in England, there has been greater marketisation of healthcare. For example, the 

division of purchasing from providers that was introduced by the Conservative 

government UK-wide in 1991 (Boyle, 2011) was abolished in Scotland (in 2004) and 

Wales (in 2009). In England, however, there has been a greater emphasis placed on 

developing patient choice and competition between providers, including expansion of 

private providers to deliver publicly funded healthcare (Bevan et al., 2014). The impact of 

this emphasis on competition on the integration of care is, however, debatable, as these 

concepts at face value appear to be conflicting. 

 

UK-wide, the NHS has always had a strong primary-care focus, with the GP acting 

as ‘gatekeeper’ to the rest of the health system, coordinating the patient’s interaction 

with other services (Starfield and Shi, 2002). The Health and Social Care Act 2012 in 

England attempted to further emphasise the strength of primary care for the health 

system as a whole, putting GPs in charge of CCGs tasked with purchasing services for 

their local populations (Department of Health, 2012). The success of this reorganisation, 

however, may be constrained by continued top-down management of CCGs (Coleman et 

al., 2015). The strength of primary care in the UK renders the health system highly 

regarded internationally (Davis et al., 2014). However, being fairly unique in its 

‘gatekeeping’ position, this organisation of health services may distort the outcomes of 

services adopted from other systems. For example, interventions aimed at strengthening 

primary care in weaker systems may not translate effectively when adopted in the UK – 

i.e. the UK health system is likely to benefit only from very marginal gains (‘ceiling 

effects’) in this respect compared to others, as it already possesses an especially strong 

primary-care system. 

 

The relationship of the health system with allied healthcare organisations (e.g. 

social care) again differs in England compared to the rest of the UK. In Scotland, for 

example, there is free personal social care for the over-65s (Bevan et al., 2014), whereas 

in England many adults pay for some or all of their social care with local authorities 

paying for individual care packages only on assessment of high needs and limited means 

(Department of Health, 2014a). These organisational and funding relationships between 

the two sectors, moreover, may have further implications for methods and effectiveness 

of integration between the two. 
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The Government in England, however, has attempted to use a number of policies 

to improve integration. The CCGs have a contracted duty to ‘promote integration’ 

(Department of Health, 2012). How this is accomplished is not prescribed nationally, but 

expected to arise locally in each of the over 200 CCGs.  This mandate at the CCG-level 

reflects an apparent ‘bottom-up’ approach to integrated care in the NHS, with the central 

NHS body attempting to encourage local innovation and adaptation around the concept 

of integration (Darzi and Howitt, 2012). This approach is similarly illustrated by the 

numerous additional funding schemes (e.g. the Integrated Care Pilots, the Pioneers, the 

Vanguards) that the Government has introduced to support this innovation and to 

attempt to illustrate best practice. The Better Care Fund has also been established, a 

single pooled £5.3 billion health and care budget to support integration (NHS England, 

2016a). 

 

In recent years, health system planning in England has revolved around 

addressing a large healthcare funding gap, estimated at £30 billion a year by 2020/21. 

The ‘Five year forward view’ strategic document outlines how the NHS plans to tackle this 

large deficit (outlined above, in section 1.4.2) – tackling demand, efficiency and funding 

(NHS England, 2014b). 

 

Box 1 summarises some of the important contextual factors surrounding the NHS 

in England. 

 
Box 1: Context of the NHS in England (DEPLESET) 

x Demographic – The population of England is currently ~54 million (ONS, 
2014). This is growing steadily, with a projection of just over 61 million by 
2032 (~55% of the increase from natural growth i.e. births minus deaths, 
and ~45% from net migration). The population is becoming more diverse, 
with the ethnic population estimated to make up 15% of the population by 
2031. Life expectancy is increasing, as is healthy life expectancy, 
suggesting that the extra years of life will not necessarily be in ill health. 
The population is ageing, with those over 65 growing at a faster rate than 
those under it. Over the next 20 years, there will be an estimated 39% rise 
in those aged 65-84, and a 106% rise in those over 85 (The King's Fund, 
2012).  

 
x Epidemiology – As a high-income country, the major disease burden in 

England is now chronic diseases (Omran, 1971). In 2013, the number one 
cause of years of life lost was ischaemic heart disease, and the leading 
cause of disability-adjusted life years (DALYs) was back and neck pain. 
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Known risk factors (leading causes were diet and tobacco use) were 
estimated to account for 39.6% of DALYs (Newton et al., 2015). 

 
x Political – Margaret Thatcher’s neo-liberal Conservative government vastly 

changed the political agenda when elected in 1979. Privatisation of a 
number of state-owned assets occurred with the belief in the power of the 
market rather than a government to efficiently allocate resources. The 
NHS, however, was kept from marketisation during Thatcher’s time in 
office. John Major succeeded Thatcher in 1990, and immediately 
introduced a purchaser-provider split and market forces in healthcare in 
1991. In 1997, the New Labour Prime Minister, Tony Blair was elected, 
with similar neo-liberal aims. A number of top-down re-organisations of the 
NHS took place under the New Labour governments in the next decade, 
relying on the market and with power placed firmly in the hands of the 
providers, where strong foundation hospitals emerged as dominant, with 
weaker primary care trusts alongside (Toynbee, 2007). When the Coalition 
(Conservative and Liberal Democrats, led by Prime Minister David 
Cameron) took office in 2010, a top-down re-organisation introduced in 
the Health and Social Care Act 2012 attempted to re-emphasise the place 
of primary care with GP-led CCGs as major purchasers. The Act also re-
emphasised market forces, stressing the importance of competition for 
provider contracts (Department of Health, 2012), which has subsequently 
led to an enormous increase in private providers, who have been awarded 
an estimated share of one-third of contracts tendered since the Act came 
into place (Iacobucci, 2014). 

 
x Legal – The NHS was founded in 1948 after the Second World War, based 

on the central principle that health services would be available to all and 
financed entirely from taxation (NHS Choices, 2015). More recently, the 
NHS Constitution in England, formalised in 2009, has provided a common 
set of principles and values for the NHS, together with the rights and 
responsibilities for the stakeholders involved in healthcare (patients, staff, 
NHS organisations). For patients and the public, this concerns rights 
around access to health services; quality of care and environment; 
nationally approved treatments, drugs and programmes; respect, consent 
and confidentiality; informed choice; involvement in healthcare and the 
NHS; and complaint and redress. All bodies supplying NHS services are 
required by law to take account of this document in their decisions and 
actions (Department of Health, 2009). Organisation of NHS services most 
recently changed in law with the Health and Social Care Act 2012, with 
overall responsibility for running the NHS handed from the Department of 
Health to the arms-length body, NHS England. The formation of ‘clinically-
led’ Clinical Commissioning Groups (CCGs) adopted the majority of the 
purchasing role, and provision of NHS services opened to wider 
competition regulation (overseen by Monitor, responsible for preventing 
anticompetitive behaviour and simultaneously the promotion of 
integration) and so increased private provision (Checkland et al., 2013). 

 
x Ecological – The vast majority of the population (~80%) in England lives in 

predominantly urban settings, with the remaining (~20%) in local 
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authorities defined as predominantly rural (Government Statistical Service, 
2015). With high population density in much of the country, air pollution is 
thought to contribute to ~40,000 deaths per year and may play a role in 
many chronic conditions (e.g. cancer, asthma, heart disease, and 
neurological changes linked to dementia) (Holgate et al., 2016).  

 
x Socio-cultural – The population of England is very ethnically and culturally 

diverse. While the majority of the population identify with being White, 
there are large numbers from mixed-race, Asian, Black/Caribbean and 
other ethnic groups (ONS, 2015). In relation to healthcare, different ethnic 
groups may be genetically pre-disposed to various chronic diseases (e.g. 
relation of central obesity and insulin resistance to high diabetes 
prevalence and cardiovascular risk in South Asians), or cultural norms may 
alter risk (McKeigue et al., 1991). Additionally, there may be language 
issues during interactions with health services for some patients. These 
factors may contribute to differential treatment and prevention indications. 

 
x Economic – England as part of the UK is ranked as a high-income OECD 

country (The World Bank, 2016). However, the distribution of wealth and 
economic activity is highly skewed and centralised in the south of the 
country (i.e. London). There are wide inequalities in income from North to 
South (Jenkins, 1995). There was a recent attempt to redress this balance 
through the creation of a ‘northern powerhouse’ (Osborne, 2014). 
Nationally, political choices since the 2010 general election have 
introduced austerity measures with wide-reaching cuts to public services 
(McKee et al., 2012b). Healthcare services have remained fairly protected 
(but, nevertheless, spending per capita has remained flat during this 
period and much lower than the OECD high-income average). Services 
complementary to healthcare (e.g. public health spending and social care 
services) have been cut in line with the general trend (McKee et al., 
2012b). 

 
x Technological – As a high-income country England is generally 

technologically advanced. In terms of healthcare, there is wide coverage of 
electronic patient records (helped by the need to implement electronic 
records to meet pay for performance targets e.g. the Quality and Outcomes 
Framework (QOF)). However, patient records remain largely unlinked 
between primary and secondary/social care settings. There are multiple 
providers of both primary and secondary care electronic recording systems 
(Parliamentary Office of Science and Technology, 2016). Previous national 
attempts to introduce a single joined up record for the population (e.g. 
‘Connecting for Health’ in 2002) have failed spectacularly, wasting billions 
of pounds of taxpayers money (Cross, 2006). Current government plans 
include patient access to their own electronic health records, which are 
planned to be joined up between services by 2020 (Parliamentary Office of 
Science and Technology, 2016). 
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2.4 Aims and Objectives 
 

The above discussion reveals some important research gaps: ‘integrated care’ is the 

mandate of CCGs in the NHS, but ‘integrated care’ is an extremely vague concept in the 

literature; and, despite the increase in multimorbid patients being one of the main 

drivers towards ‘integrated care’, multimorbidity itself can be measured in a number of 

ways; and, finally, there is little evidence of what is effective for treating these complex 

patients. 

These gaps have informed the overarching research questions of this thesis: 

 
1. What does ‘integrated care’ currently look like in practice in the NHS?  

2. What is the effectiveness of current models of ‘integrated care’? 

3. To what extent are there differential effects of ‘integrated care’ for different types 

of multimorbidity? 

 

2.5 Chapter Conclusions 
 

In this chapter, I have highlighted the vague and rather all-encompassing nature of 

the concept of integrated care in theory. I have shown that primary care is at the centre 

of integrated care plans, and introduced the context in which the PhD research is set, the 

NHS in England. Gaps in the literature reviewed in this and the previous chapter have 

raised three key research questions that the remaining chapters will seek to answer.  
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3. Integrated care (in practice) 
 

3.1 Chapter Introduction 
 

The previous chapter introduced integrated care in theory, and now we turn to what 

this concept can look like when enacted in practice. I first introduce the wider examples 

of integrated care across the health system, and then focus in on what I identified in the 

early phase of my research as the dominant form of integrated care in the NHS to date, 

multidisciplinary team (MDT) case management, including the definition, historical 

context and logic model of this form of integration. 

 

3.2 Integrated care in practice 
 

 In practice, unsurprisingly, the broadly defined concept of integrated care can 

take many forms. Box 2 shows some common examples of integrated care in practice 

across the health system (adapted from (Kodner and Spreeuwenberg, 2002)). 

Successfully implemented integrated care programmes frequently combine multiple 

changes simultaneously in different areas of the health system (Powell Davies et al., 

2008). 

 
Box 2: Examples of integrated care in practice, across the health system (adapted from (Kodner and 

Spreeuwenberg, 2002)) 

 

Financing: 

x Pooling of funds 

x Prepaid capitation 

Governance & Organisation: 

x Joint commissioning 

x Discharge and transfer agreements 

Resource Management: 

x Co-location of services 
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x Integrated IT 

Service Delivery: 

x Case/care management 

x Multidisciplinary teamwork 

 
   

 

Evidence of effectiveness of integrated care interventions more generally is 

limited across the broadly defined outcomes of satisfaction, health outcomes and costs 

of care. The synthesis of evidence related to all three outcomes, furthermore, is 

hampered by the lack of conceptual clarity (Ouwens et al., 2005; Nolte and Pitchforth, 

2014). The polymorphous nature of the integrated care concept and its frequent 

introduction as interventions with multiple components cause further issues with 

traditional research methods (Nolte and Pitchforth, 2014). 

 

Satisfaction: While still limited, there is relatively good emerging evidence that 

patient experience can be enhanced by integrated care, particularly where coordination 

and communication is improved (Cameron, 2016). By the NHS’s accepted definition of 

integrated care (i.e. the series of ‘I’ statements noted in the previous chapter illustrating 

the patients’ feeling of better integration of care), then, current interventions appear to 

meet the primary aim of improving the patient’s satisfaction with care.  

 

Health outcomes: Addressing fragmented care of patients is expected to increase 

quality of care and lead to better health outcomes. Several less rigorous study designs 

(e.g. before-after/qualitative) have frequently reported improvements in quality of life, 

health, and ability to cope with everyday living. More robust study designs (i.e. comparing 

‘integrated care’ intervention to a control group), however, report much more limited 

findings with only marginal differences identified between treated and non-treated 

groups. Significantly, studies with a rigorous design that looked at integrated care 

changes for older adults (i.e. those patients most likely to have multimorbidity and to be 

those most immediately in need)  found no statistical differences (Cameron, 2016). 
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Costs of care: As noted above, integrated care initiatives are frequently driven by 

policy-makers who aim to contain costs within the healthcare system. However, there is 

little evidence of economic gain when implementing integrated-care interventions. A 

comprehensive literature review of systematic reviews found an overall shortage of 

robust evidence of cost-effectiveness, with the evidence available generally weak 

(frequently based on a very small number of studies and/or before-after study designs), 

making conclusions of causation impossible. The authors identified 19 reviews for 

inclusion, with eight reporting on cost-effectiveness. Most of the evidence, however, was 

for single-condition approaches to integration. There was no clear evidence of cost-

effectiveness across the board. On the current evidence, therefore, the authors of the 

review question whether integrated care by implication would be cost-effective and 

support cost sustainability, or whether it should simply be considered a complex strategy 

to change the way health and care services are delivered, but not necessarily addressing 

the system challenges. They incline towards the latter conclusion (Nolte and Pitchforth, 

2014). 

 

 
At the outset of my research, I examined what was being implemented in practice 

as integrated care amongst a random selection of CCGs (contractually mandated to 

promote integration) in the NHS in England. Taking a random selection of 10% (n = 21) 

of the 211 CCGs in existence at the time (2013), publicly available documents were 

examined in an attempt to determine what each CCG was branding as ‘integrated care’ 

(in the public arena at least). Although the source of information limited the detail of 

what could be extracted, there was a clear dominance (n = 17/21, 81%) of a single 

particular model of integrated care present as the primary practice. This model can be 

described as multi-disciplinary team (MDT) case management of high-risk (of adverse 

outcomes and/or secondary-care utilisation) patients, and has tended to focus on 

achieving reduced use of acute, secondary-care services and total healthcare costs for 

these patients (Stokes, 2014). This approach is similarly at the forefront of the specially 

supported integrated care sites in England. Examination of the ‘Integrated Care Pilots’ 

(ICPs, 2009-2012); the ‘Integrated Care and Support Pioneers’ (wave 1 began in 2013, 

and wave 2 in 2015, both ongoing); the ‘Vanguards’ (2015 and ongoing); and most 

recently announced, ‘Devolution’ of health and social care (first to Greater Manchester, 

starting in April 2016) as part of my involvement in the EU-funded SELFIE (Sustainable 
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intEgrated care modeLs for multi-morbidity: delivery, FInancing and pErformance - 

http://www.selfie2020.eu/) project has subsequently revealed this (see Appendix 1 for 

more detailed findings from the CCG and government scheme analysis of integrated care 

approaches). 

 

Internationally, moreover, this same case management focus appears to hold. A 

recently updated Cochrane review examined interventions for improving outcomes in 

patients with multimorbidity and similarly identified MDT case management as the 

predominant approach (Smith et al., 2016). Likewise, a large literature review in the 

recently drafted NICE guidelines on management of multimorbidity identified the MDT 

case management approach as key to integrated care (NICE, 2016a). Consequently, the 

evidence for the MDT and wider case management approach has international 

relevance. 

 

3.3 MDT/ Case management 
 

 MDT case management is a central focus of integrated care when implemented in 

practice. It additionally forms a key part of popular and widely accepted 

recommendations for the treatment of chronic disease and multimorbidity (NICE, 2016a; 

Bodenheimer et al., 2002a). 

 

 This section outlines what (MDT) case management is, how it has evolved 

historically, and how it functions in theory to affect specific outcomes (the logic model). 

In Chapter 5, the evidence for effectiveness across a variety of outcome domains is then 

systematically reviewed. 

 

3.3.1 Definition 
 
 Case management can take a variety of forms, but there are common elements 

by which it can be defined (Ross et al., 2011). Case management involves: 

 

x Case finding – using one of a variety of means to identify specific patients to case 

manage. Frequently this is assisted by a population risk stratification tool, but it 

can also (or instead) rely on clinical judgement (Lewis et al., 2011). 

 

http://www.selfie2020.eu/
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x Individual assessment and care planning – the assessment can be more or less 

‘holistic’ (e.g. it can involve a biopsychosocial assessment, as opposed to solely a 

medical one), depending on the type of intervention. The care plan is the 

centrefold of case management. Its main function is to outline the goals and 

processes of care, and to coordinate all of the service providers. 

 

x Care coordination with regular review, monitoring and adaptation of the care plan 

– case management is an ongoing process, with regular patient contact to re-

assess and adapt the care plan to the case as it evolves. Generally, the case 

manager acts as a single point of contact to coordinate care, and frequently to 

feed in to self-management and other support. 

 

 There are a number of variables differentiating each case management 

intervention. For example, the primary location of the case management (in home/in 

clinic/over telephone), the intensity of the intervention (frequency of patient contacts), 

the depth of the assessment and care planning process, the reimbursement method 

(incentives), etc. can all vary. Focusing on integration of care, one of the most important 

variables is likely to be who delivers the intervention. A multidisciplinary team may offer 

an additional ‘professional integration’ component to the coordination activity compared 

to delivery by a single case manager, for instance (Valentijn et al., 2013). The specific 

make-up of the team may also alter the degree of integration between sectors. The 

involvement of non-traditional primary-care workers, social workers, for instance, may 

alter working/referral patterns between health and allied sectors as the professionals 

begin to work more closely together. 

 

 Case management, then, clearly meets many (if not all) of the differential 

definitions of ‘integrated care’. Case management takes place directly at the service-

delivery level, and so shows clear potential for directly influencing patient outcomes 

(across health, satisfaction and cost). This satisfies outcome-oriented definitions in 

particular (such as that widely adopted in the NHS – as discussed in the previous 

chapter). The obvious coordination activity in all variants, and particularly the inter-

professional working of MDT case management clearly alters processes of care, 

satisfying process-based definitions. These factors, together with case management’s 
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historical context, discussed below, may explain why it has been so widely adopted as 

the primary integration activity to date. 

 

3.3.2 Historical context 
 
 The concept of case management is not a new one. It has a long history, and this 

is important for understanding its current standing, and the expectations of its utilisation. 

 

 The first recognisable implementation was reported in 1863 in the United States. 

The first board of charities was formed in Massachusetts at this time, and its purpose 

was to coordinate public services for immigrants, the sick and the poor while conserving 

public funds. The charitable organisations that ensued from the establishment of these 

boards used an index card system to record each family’s needs (including 

environmental and social circumstances) and plans to coordinate relevant services to 

address these. This individual attention was used primarily to reduce duplication of effort 

in the fragmented system, and, from some perspectives at the time, to stop the poor and 

immigrants ‘cheating the system’, and from others, to enhance the experience of those 

in need of the services (Kersbergen, 1996). 

 

 The term ‘case management’ was not coined until the 1960’s, however. During 

this time, the Civil Rights Movement and President Johnson’s ‘War on Poverty’ began. 

These movements resulted in the emergence of a number of new services, a highly 

complex and fragmented arena, which was almost impossible for the ‘client’ to navigate. 

(It was also during this time that the patient moved from a passive to active role, now 

seen as the consumer of services). The deinstitutionalisation of mental health care 

around the same time likewise created a fragmented array of services offering care in 

the community, and case management was subsequently introduced to this group of 

patients in the 1970’s (Kersbergen, 1996). 

 

 In the 1980’s, the rapidly increasing costs of care demanded new models of care, 

and case management was once again expanded to other health areas. Following the 

introduction of the Pay-for-Performance (P4P) Diagnosis Related Groups (DRG) payment 

schedule in hospitals, case management was primarily used during discharge planning 

to ensure that excess funds were not spent on lengthy hospital stays. Health insurance 
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companies also began utilising case management at this time to monitor the efficiency 

of care delivered in relation to that required by its members (Kersbergen, 1996). 

 

 In the UK, case management was adapted primarily to social care in the 1980’s, 

where it was known as ‘care management’ (Drennan et al., 2011). It had a primary role 

in the Community Care Act 1991 under this name, as the focus of changes to community 

care at that time (Drennan and Goodman, 2004). 

 

 More recently, case management has frequently played a central role in 

implementation of Wagner’s Chronic Care Model (Wagner, 1998; Bodenheimer et al., 

2002a). This Model has subsequently emerged as one of the most popular treatment 

paradigms for chronic disease. It emphasises the use of clinical information systems, risk 

stratification, self-management support, and interdisciplinary teamwork. The patient 

group focus has shifted with the use of these risk stratification tools and IT systems with 

more complete patient records. A popular focus is generally ‘at-risk’ patients, those 

identified as being high-cost, or ‘super-utilizers’. Unsurprisingly, then, focus within the 

context of current health system challenges (highlighted in Chapter 1) and within this 

chronic disease paradigm (the elements of the Chronic Care Model highlighted above) 

frequently draw on MDT case management as a central component to manage these 

complex (generally multimorbid) patients.  

 

 Over the course of its history, then, the target groups of case management have 

evolved with the pressures of the time. Delivery began with nurses and social workers, 

but more recently an interdisciplinary MDT approach has been adopted. Consistently, 

though, the concept has been implemented both to reduce costs and to improve patient 

outcomes. In the following section, the logic model of the currently popularised case 

management approach will be presented. 

 

3.3.3 The logic model of (MDT) case management 
 

A logic model is a pictorial representation of how a process or organisation works. 

It links the inputs and activities of the programme through to the expected outputs, 

outcomes, and impact. Logic models are theoretical in nature and can be used at 

different stages of a programme, from initial planning through to evaluation, where they 

can further aid programme evolution (WK Kellogg Foundation, 2004). The logic model 
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only provides key details of the model, and is therefore a simplification of the more 

complex realised form (McLaughlin and Jordan, 1999). The model ‘reads’ from left to 

right, following the chain of reasoning (WK Kellogg Foundation, 2004). 

 

The logic model I have derived in Figure 4 below draws on current case 

management literature, described below, relating to each column of the model. Logic 

models build on a number of underlying assumptions. Highlighted in Box 3 are some of 

the key assumptions of the case management model.
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Figure 4: Logic model of (MDT) case management. In brackets are the specifics related to MDT case management, and ‘(+)’ represents where this MDT is expected to provide a positive 
modifying effect 
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Box 3: Assumptions of logic model 

The case management model shown in Figure 4 above rests on a number of 

assumptions. Key assumptions to highlight include: 

x Treatment in primary care is less expensive than in secondary care  

x Increased coordination and holistic care in primary care can substitute 

for/prevent secondary care  

x Targeting high-cost, high-risk patients has scope for preventing secondary-

care admissions 

 

The key inputs to the case management model are the professional roles - the 

case management role (which a nurse, social worker, or a new professional can fill, for 

instance), and, for MDT case management, the additional health and care professionals 

involved (these roles can vary from intervention to intervention). The additional training 

requirements, resources to accommodate these professional(s), salaries and opportunity 

costs are excluded from the figure above for the sake of simplicity, but will have 

additional resource input implications. Moreover, if a risk stratification tool is used to 

select patients, additional time and training in electronic medical record development 

and software may be required and will have to be factored in. If clinical judgement is 

used instead, physician time to carry out this additional task is also required.  

 

Key activities generalisable across case management interventions are selection 

of the patients to manage, individual patient assessment, care planning, and regular 

review, monitoring and adaptation of the care plan (Ross et al., 2011). 

 

The outputs highlighted above illustrate the historical expectations of case 

management discussed in the previous section (increased coordination and a decrease 

in duplication of effort, which improves efficiency). Combined with these are some of the 

underlying assumptions detailed in Box 3.  These are common assumptions in the case 

management model, as well as wider integrated care initiatives and other primary care 

access and policy initiatives implemented in recent years (e.g. extended primary care 

opening hours as a means to minimise secondary care utilisation) (Greater Manchester 

NIHR CLAHRC, 2015). 
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The literature suggests that the case management approach might affect three 

main outcome categories: health, patient satisfaction, and total cost of care (through 

decreased utilisation) (Ross et al., 2011).  

 

The addition of an MDT to the case management approach is predicted to act as 

an effect modifier to these outcomes, potentially increasing the holistic nature of the 

care and the ability of coordination through greater professional integration of the health 

and care professionals involved (Valentijn et al., 2013; Wagner, 2000). In theory, this 

greater professional integration and closer interdisciplinary working may also ‘spill-over’ 

and positively affect non-treated patients in the intervention practices (not shown in the 

above model, but described in more detail in Chapter 6) (Bower et al., 2003). 

 

3.4 Chapter Conclusion 
 

In this chapter, I have shown how varied the broad integrated-care concept can 

appear when enacted in practice, with examples across the health system. I have, 

however, illustrated that the dominant form enacted by CCGs (mandated to integrate 

care in the NHS in England) has been MDT case management. Finally, I have defined this 

form of integration, its historical evolution and the logic model, showing that it is 

expected to have positive effects across health system goals.



 54 

4. Methods 
 

4.1 Chapter Introduction 
 

As an alternative format thesis, the detailed methods for each of the following 

chapters is contained within the journal articles (Chapters 5-7) and their additional 

appendices. This chapter, however, sets out the overarching ‘evaluation problem’, how it 

is managed in experimental and non-experimental studies generally, and outlines briefly 

the main methods used in this PhD research to deal with this problem and to address 

the research aims. 

 

4.2 The evaluation problem 
 

The fundamental ‘evaluation problem’ faced in this thesis is how to obtain the 

‘true causal effect’ of an intervention such as ‘case management’. 

 

To obtain this ‘true causal effect’, we would need to simultaneously observe 

individuals affected by the intervention in two independent states: 1) having received the 

intervention and 2) as unaffected controls. This is, of course, impossible, but it is 

effectively what randomisation simulates at the population level by ensuring that 

assignment to treatment group is purely by chance, and so balancing observable and 

unobservable characteristics between the two treatment groups (assuming sufficient 

numbers of participants, and effective randomisation is achieved) (Roberts and 

Torgerson, 1999). This is why randomised controlled trials (RCTs) are considered the 

‘gold standard’, according to the traditional ‘hierarchy of evidence’ (Guyatt et al., 1995) 

at least. 

 

However, when interventions are rolled out in usual practice, they are rarely done 

so randomly (occasionally this is done in random clusters, but this is not common 

practice). Therefore, we tend to have no observable counterfactual (the opposite state to 

what we actually observe), so must use other study design or statistical methods to 

approximate the true causal effect as closely as possible. 
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Also, although RCTs are traditionally considered the gold standard of evidence, 

they nevertheless have their own flaws, particularly in the context of multimorbid patients 

and for assessing interventions such as integrated care, which frequently have multiple 

components. First, the eligibility criteria of RCTs can be problematic. In trying to isolate 

the effects of the treatment/intervention of interest, frequently the most complex 

patients (e.g. multimorbid patients) are excluded from trials. This usually means use of a 

non-representative population sample to test effectiveness in a trial (see Figure 5, which 

illustrates the tiny proportion of the total relevant population that might be selected in a 

trial, and their relation to the wider population in terms of criteria, including likely 

responsiveness). In addition, this means that intervention effects will tend to be mis-

estimated, either tested on a population that is most likely to respond positively to 

treatment and so the effects may be over-estimated (Richardson and Doster, 2014), or 

tested on those who are likely to get better in any case, potentially under-estimating 

effects. While these study eligibility criteria can be improved in trial design, RCTs will 

nevertheless always take place under somewhat idiosyncratic conditions. For example, 

the practitioners and patients are likely to be more engaged than in routine practice, 

having been consented and having volunteered for the trial; they may be receiving 

additional funding/incentives for implementation and/or, have added input, assistance 

and motivation from a research team. Therefore, in routine practice any treatment 

effects might be quite different when compared to the RCT estimate (Davies et al., 

2015). 
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Figure 5: How those included in an RCT study design (dark grey – high responsiveness, high baseline risk, and low 
vulnerability) tend to differ from the majority of the population (light grey – with individuals lying across the spectrum of 
the three axes indicated). Source: (Richardson and Doster, 2014) 

 
Furthermore, when using an RCT, a range of additional practical issues needs to 

be considered. For instance, cost (RCTs tend to require a lot of time and money to 

conduct robustly), strength of evidence needed for a decision to be made (i.e. what 

evidence might be considered ‘good enough’ for a policy decision), ability to recruit and 

randomise the intervention and potential harms of the treatment under trial (e.g. if none 

are likely, then a non-experimental method could be more than adequate instead) (Black, 

1996). 

 

An alternative to generating additional data via an RCT is to harness the abundant 

routinely collected data available, and use retrospective methods of analysis (Raine et 

al., 2016). Routinely collected data constitute a particularly strong resource in the NHS. 

Drawing on this data not only eases access to data sources, but since the data tend to 

be standardised nationally, this allows comparison between different localities. And, 

although traditionally there were fears of routinely collected data lacking quality (McKee, 

1993), more recently the quality has improved. For example, primary-care data, 
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particularly those related to chronic diseases, have improved significantly, in large part 

thanks to the richness of data available due to payments associated with the Quality and 

Outcomes Framework (QOF) (Sigfrid et al., 2006). Similar data also exist for hospital 

episode statistics in the UK at the individual level. Use of these large, world-leading 

databases is now widely accepted in health services research (Fulop et al., 2001). This 

rich resource is particularly useful for the analysis of already ‘in practice’ interventions, 

such as integrated care in the NHS setting.  

 

In the following chapters, therefore, routinely collected data and quasi-

experimental methods are used to examine the research aims set out in Section 2.4. The 

detailed individual study methods are introduced in each of the empirical chapters 

(Chapters 5-7). First, in the sections below, I briefly introduce the three overarching 

research methods individually. 

 

4.3 Systematic review and meta-analysis (Chapter 5) 
 

The basic idea of the meta-analysis approach is that each single study contributes 

to the estimate of the true effect of the intervention. The individual study is then 

weighted, based on the sample size (and so, too, the margin of error with which it 

accurately estimates this true effect), and then pooled. It thus builds on the strengths of 

the individual studies by combining the sample sizes into a pooled estimate with a 

smaller margin of error in comparison to each individual primary study, and a more 

accurate representative effect with higher statistical power. 

 

Although most often associated with RCTs, meta-analyses are not restricted to 

these in principle, which is important taking into account the potential problems 

identified with RCT estimates alone (in relation to multimorbidity and integrated care, as 

illustrated above). The meta-analysis in Chapter 5 also includes estimates from robust 

quasi-experiments recognised by the Cochrane Effective Practice and Organisation of 

Care (EPOC) group. These study types include: randomised controlled trials (RCTs), non-

randomised controlled trials (nRCTs), controlled before and after studies (CBA), and 

interrupted time series (ITS).  
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In order to pool the study estimates, a common outcome measure must be 

present across studies. This commonality must be two-fold: 

 

a)  conceptual (e.g. to pool a costs of secondary care outcome, we must be 

satisfied that each of the studies are contributing a measure of costs of secondary care, 

and not, for example, costs of primary care, which is a different concept)  

 
b) statistical (e.g. all studies must be measuring the outcome in comparable 

statistical units), although problems here can be overcome by converting the measures 

to a common unit (i.e. the effect size, for example, standardised mean difference) 

 

There are also issues relating to whether the trials captured in the review are 

representative of all of those done. This publication bias can occur because there is a 

tendency for positive results to be published in higher-impact, more easily accessible 

journals than negative results (if these are published at all). If this bias is present, then 

the research is in danger of drawing the wrong conclusions about the intervention effects 

(Rothstein et al., 2006). 

 

To summarise the method’s issues discussed above: 

x We assume that there is some single true effect of the studies/outcomes 

being pooled that we can measure; 

x We require theoretical and statistical commonality to pool results in a 

meta-analysis; 

x We assume that a representative sample of studies measuring this effect 

is included in the analysis, and that the pooled measure is not subject to 

publication bias. 

 

4.4 Quasi-experiments (Difference-in-differences – DD, Chapter 6)  
 
 

Difference-in-differences (DD) analysis of observational data is now a common 

way of evaluating healthcare interventions (Dimick and Ryan, 2014), and will be the 

main approach used in the evaluation of integrated care in this thesis (Chapters 6 and 

7). 
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DD compares the difference in outcomes from before to those after an 

intervention between an intervention and a control group.  Under a set of assumptions 

(discussed below), if the first difference is the difference in outcomes from before to 

after the intervention for the intervention group, and the second difference is the 

difference in outcomes from before to after the intervention for the control group, the 

difference in differences represents the intervention effect: 

 

  ̂  ( ̅      ̅   ) 
  ( ̅      ̅   ) 

where 

 ̅ = average outcome 
1 = pre-intervention period 
2 = post-intervention period 
I = Intervention group 
C = Control group 

 

The method controls for time-invariant unobserved differences between the two 

groups being compared, as well as any common shocks (i.e. other events occurring 

during the period of the analysis that might affect the outcome of interest that has an 

equal effect on both groups). In practice, an intervention effect can be estimated in a 

regression equation (allowing further confounders to be controlled for) using an 

interaction term between a dummy variable indicating whether an observation belongs to 

the treatment group and a post intervention-period dummy (or, alternatively, time fixed-

effects) (Angrist and Pischke, 2008). The design is illustrated in Figure 6 which 

demonstrates the importance of the ‘parallel trends’ assumption: that the outcomes for 

the intervention and control groups would have been parallel if not for the intervention. 

The other key assumption is the ‘common shocks’ assumption: that the intervention and 

control group are equally affected by any common shocks (other than the effects of the 

intervention). 
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Figure 6: Difference-in-differences basics. The parallel outcome trend between the two groups (Intervention and 
Control) is assumed to continue (shown by the dotted blue line – the assumed conterfactual), except for the effects of 
the intervention on the Intervention group only. The difference-in-differences (i.e, Difference 2 – Difference 1) is thus 
attributed to the intervention effect 

 

Ryan et al. have developed a checklist for robust DD analysis, shown in Box 4, 

below (Ryan et al., 2014).  

 
Box 4: DD Checklist. Source: (Ryan et al., 2014) 

 
1. Data on study outcomes is available both before and after the intervention 

was implemented for an exposed and control group 
 

2. Trends in outcomes prior to intervention are parallel between exposed and 
control group 

 
3. Outcome levels prior to intervention are not related to expectations for 

ability to change (e.g. no ceiling effects for one group, but not the other) 
 

4. Test for violations of standard statistical assumptions (e.g. 
heteroscedasticity of standard errors) 

 
5. Factors other than the intervention (occurring at time of treatment) should 

not differentially affect outcomes for exposed and control group 
 

6. The composition of exposed and control group should not change over the 
time period of the study 

 
7. Treatment effect does not ‘spill-over’ from exposed to control group 
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To summarise the method’s issues discussed above: 

x We assume that the intervention and control groups are comparable (but 

not necessarily the same), and that their outcome trends would have 

continued to be parallel over time if not for the intervention; 

x We assume that no other effects on the outcome are affecting one group 

disproportionately (including their joining an intervention or ability to 

measure change, or other non-common shocks or spill-over effects). 

 

4.5 Secondary analysis (difference-in-difference-in-differences – DDD, Chapter 7) 
 

 
Secondary analysis of data can be used to explore effects of an intervention on 

specific subgroups in both randomised and non-randomised studies. Difference-in-

difference-in-differences (DDD) analysis can be used to explore subgroup effects from 

DD analysis. As in any other regression equation, an additional interaction term can be 

added to represent the subgroup differentiation. 

 

For example, subgroup analysis can be used to examine the effects of an 

integrated care intervention on those patients with specific ‘types’ of multimorbidity.  

 

The simplest measure of multimorbidity, simply counting the number of diseases 

in a list (as discussed in section 1.3.1), has been criticised for not taking into account the 

severity of each condition. Diseases found in different organ systems are found to 

contribute differentially to health-related quality of life, for instance (Fortin et al., 2007a). 

Thinking at a single disease level, a patient with stage 1 chronic kidney disease (CKD) is 

likely to experience very different outcomes and have different care needs than a patient 

with stage 5 CKD (Noble and Lewis, 2008). Furthermore, differences in the list of 

diseases that is counted (e.g. one systematic review found the number of conditions 

included in multimorbidity counts ranged from 4-102, with an average of 18.5 

(Diederichs et al., 2011)) will affect the results obtained (although guidelines have 

recently been drawn up to try and alleviate this problem – suggesting the use of a list of 

at least 12 of the most common chronic conditions for a given population) (Fortin et al., 

2012). Secondary analysis can be used to explore whether the effect of an intervention 

varies through multiple measures of the multimorbidity concept. 
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As an extension of DD analysis, DDD shares the assumptions outlined in the 

section above. The DDD estimate starts with the time change in average outcome for the 

multimorbidity subgroup in the intervention group and removes the change in average 

outcome for that multimorbidity subgroup in the control group, plus removes the time 

change in average outcome for the counter multimorbidity subgroup in the intervention 

group (shown in equation below) (Wooldridge, 2007):  

 
  ̂  ( ̅        ̅     ) 
  ( ̅        ̅     ) 
  ( ̅        ̅     ) 

 
 where 
 
 ̅ = average outcome 
1 = pre-intervention period 
2 = post-intervention period 
I = Intervention group 
C = Control group 
M = Complex multimorbidity subgroup 
N = less complex multimorbidity subgroup  
 
 

However, in taking this stratified approach, statistical power will inevitably be lost 

through comparing a smaller group of more similar patients than in the full analysis 

(Section 8.3 in Chapter 8 expands on this discussion further). 

 
To summarise the method’s issues discussed above: 

x The method is valid only when the underlying DD assumptions are fulfilled 

(checked in the empirical Chapters, 6 and 7); 

x We lose statistical power, as with any subgroup analysis.  

 

4.6 Chapter Conclusions 
 

In this chapter, I have shown the problems encountered when evaluating the type 

of healthcare interventions explored in this thesis, and outlined the main methods of 

analysis utilised in the following empirical chapters to answer the research aims. The 

next chapter is the first empirical piece using meta-analysis to determine the 

effectiveness of the case management intervention generally.



 63 

5. Effectiveness of case management review 
 

5.1 Chapter Introduction 
 

This empirical piece is a systematic review and meta-analysis examining 

effectiveness of the dominant form of integrated care in the NHS in England, case 

management, and across health-system goals. The article was published in PLoS ONE in 

July 2015. 

 
Any supplementary material referred to in the text is available in Appendix 2. 
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Abstract

Background
An ageing population with multimorbidity is putting pressure on health systems. A popular
method of managing this pressure is identification of patients in primary care ‘at-risk’ of hos-
pitalisation, and delivering case management to improve outcomes and avoid admissions.
However, the effectiveness of this model has not been subjected to rigorous quantitative
synthesis.

Methods and Findings
We carried out a systematic review and meta-analysis of the effectiveness of case manage-
ment for ‘at-risk’ patients in primary care. Six bibliographic databases were searched using
terms for ‘case management’, ‘primary care’, and a methodology filter (Cochrane EPOC
group). Effectiveness compared to usual care was measured across a number of relevant
outcomes: Health – self-assessed health status,mortality; Cost – total cost of care, health-
care utilisation (primary and non-specialist care and secondary care separately), and; Sat-
isfaction – patient satisfaction. We conducted secondary subgroup analyses to assess
whether effectiveness was moderated by the particular model of case management, con-
text, and study design. A total of 15,327 titles and abstracts were screened, 36 unique stud-
ies were included. Meta-analyses showed no significant differences in total cost,mortality,
utilisation of primary or secondary care. A very small significant effect favouring case man-
agement was found for self-reported health status in the short-term (0.07, 95% CI 0.00 to
0.14). A small significant effect favouring case management was found for patient satisfac-
tion in the short- (0.26, 0.16 to 0.36) and long-term (0.35, 0.04 to 0.66). Secondary subgroup
analyses suggested the effectiveness of case management may be increased when deliv-
ered by a multidisciplinary team, when a social worker was involved, and when delivered in
a setting rated as low in initial ‘strength’ of primary care.
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Conclusions
This was the first meta-analytic review which examined the effects of case management on
a wide range of outcomes and considered also the effects of key moderators. Current
results do not support case management as an effective model, especially concerning
reduction of secondary care use or total costs. We consider reasons for lack of effect and
highlight key research questions for the future.

Review Protocol
The review protocol is available as part of the PROSPERO database (registration number:
CRD42014010824).

Introduction
Many health care systems currently face significant pressures resulting from both increasing
numbers of older patients with multiple long-term conditions (multimorbidity), and pressure
to reduce health care budgets or provide more efficient use of current resources [1].

To relieve these pressures, many policy makers and health system planners advocate ‘inte-
grated care’ [1, 2].

Integrated care is a complex concept. Broadly, it is designed to “create connectivity, align-
ment and collaboration” [3]. A number of different methods can be used to achieve these
inter-connections, and they can occur at multiple ‘levels’ of the health system (e.g. financing,
resource management, service delivery—see Fig 1). Outcomes of effective integration of care
are presumed to be better patient experience and outcomes, as well as greater efficiency [4] (i.e.
patient satisfaction; health; and cost-effectiveness), therefore potentially addressing two of the
major system pressures simultaneously.

A popular model of ‘integrated care’ at the service delivery level is ‘case management’ in pri-
mary care [6, 7]. Case management has been defined as:

“a collaborative process of assessment, planning, facilitation, care coordination, evaluation,
and advocacy for options and services to meet an individual’s and family’s comprehensive
health needs through communication and available resources to promote quality, cost-effec-
tive outcomes” [8].

Variations exist in the delivery of case management. However, there are common compo-
nents [6]:

• case-finding (identifying those ‘at risk’ who require case management, usually through pre-
diction of high costs in the future [9, 10])

• assessment of the needs of the individual patient, and care planning (individualised care plan
bringing together details of patient’s personal circumstances with health and social care
needs, and aiming to match these needs with service provision)

• care co-ordination (navigational role of case manager involving continual communication
with patients, carers, professionals and services e.g. medication management, self-care sup-
port, care advocacy and negotiation; with regular review, monitoring and adaptation of the
care plan)

Case Management for 'At Risk' Patients in Primary Care
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Case finding of ‘at-risk’ individuals can be done in three ways [11]:

1. clinical judgement (expert opinion),

2. threshold modelling (defining a set of rules e.g. number of previous hospital admissions,
which alert the practitioner that the patient is at risk), or

3. using a predictive risk tool (where an algorithm is used to attempt to predict those patients
who are at risk of a defined event)

In theory, the case management process may increase efficiency by reducing unnecessary
contacts with the health system, including fragmented routine contacts, as well as emergency
contacts caused by potentially preventable exacerbations. The goal is to better co-ordinate care,
offering individually-tailored contacts and care planning.

Primary care is a suitable context for integrated care due to its place at the heart of the health
system [12]. It is argued that increasing care in the community setting will facilitate cost sav-
ings compared to expensive hospital overheads [13]. In many health systems, primary care acts
as a ‘gatekeeper’ to the rest of the system [14] and primary care practitioners should be particu-
larly suited to managing and co-ordinating care for multiple health problems, compared to
specialist physicians [15].

The potential benefits of case management have led to adoption in practice in many coun-
tries [6]. For example, in the United Kingdom, recent changes to the NHS GP contract (under
the Unplanned Admissions Enhanced Service section), require a minimum of 2% of the

Fig 1. Examples of popular methods to ‘integrate’ care [3] within the health system [5].

doi:10.1371/journal.pone.0132340.g001
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risk-identified population to be proactively case managed [16]. In the USA, a number of health
insurers and health maintenance organisations offer case management to patients with long-
term conditions, for example the ‘Guided care’ and similar programmes [6].

It is important that the provision of case management in primary care should be based on
rigorous evidence. While many descriptive reviews exist examining specific types of case man-
agement in primary care (such as nurse-led case management [17]), there is no published sys-
tematic review of a range of current case management models for high risk individuals in
primary care that provides a formal meta-analytic review of its effectiveness across a range of
relevant outcomes.

Objectives

1. To synthesise the evidence for the effectiveness of case management in primary care for ‘at
risk’ patients

2. To explore whether the effectiveness of case management in primary care is moderated by
the particular model of case management implemented, context, and study design.

Methods
The methods and results for this review are reported in line with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. The review protocol is
available as part of the PROSPERO database (registration number: CRD42014010824).

Eligibility criteria
Studies were included in this review if they met the following criteria:

• Population: Adults (18+) with long-term condition(s)
(While prevalence of multimorbidity (i.e. ‘complex’ cases) is highest in the elderly, the abso-
lute numbers affected are greater in those below 65 [18])

• Intervention:

• Adopting methods to identify ‘at-risk’ patients to receive the case management, with the
aim of preventing acute exacerbations of symptoms, and/or secondary care utilisation
among those at higher risk

• Case management, including all of the following activities: case-finding; assessment; care
planning; care co-ordination; regular review, monitoring and adaptation of the care plan

• Primary care/community-based management (regardless of where the case was first
identified)

• Comparison: usual care or no-case management

• Outcome categories:Health–self-assessed health status,mortality; Cost–total cost of care,
healthcare utilisation (primary and non-specialist care and secondary care separately), and;
Satisfaction–patient satisfaction

• Study design: Quantitative empirical research, meeting Cochrane Effective Practice and
Organisation of Care (EPOC) Group study design criteria: randomised controlled trials
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(RCTs), non-randomised controlled trials (nRCTs), controlled before and after studies
(CBA), and interrupted time series (ITS)

Exclusion criteria:

• Case management targeted solely at care for patients with mental health problems, although
mental health conditions could be included where they were co-morbidities alongside physi-
cal long-term conditions

• Hospital discharge planning (short-term management to facilitate the transition from hospi-
tal to home [19])

• Non-English language papers and grey literature

Search Strategy
Six main electronic bibliographic databases were searched for potential studies from inception
until end of April 2014: MEDLINE (Ovid), EMBASE (Ovid), CINAHL, Cochrane Register of
Controlled Trials (CENTRAL), Health Management Information Consortium (Ovid), and
CAB Global Health (Ovid),. The search strategy used three key blocks of terms (including sub-
ject headings as well as text-words): 1) Case management2) EPOC methodology filter[20]3)
Primary care filter[21]. S1 Appendix shows an example of the full search strategy for the MED-
LINE database.

Hand searches of the reference lists of included papers, plus previous relevant systematic
reviews [17, 22–30] supplemented the database searches.

Results from the above searches were combined in an Endnote library, and duplicates were
removed (n = 2186) prior to study selection.

Study Selection
Study selection was carried out in two stages. First, titles and abstracts of the identified studies
were screened in full by the first author. A proportion of these titles and abstracts (10%) were
then independently screened by a second author (kappa coefficient = 0.78). Following this ini-
tial screening, the full texts of the identified articles were retrieved, and reviewed against the
inclusion/exclusion criteria. Forty percent (n = 106/266) of the full text screening was carried
out by two reviewers independently. Inter-rater reliability was high (kappa coefficient = 0.81),
and any disagreements (n = 7) were resolved by group discussion (resulting in 4 included, and
3 excluded). The remaining full text screening was completed by the first author alone.

Data extraction
A data extraction form was formulated using Microsoft Excel. The form was initially piloted
on two randomly selected studies. The following descriptive data were extracted for included
studies:

• Patient: target population; total sample size (intervention/control); proportion of males; aver-
age age; average baseline number of long-term conditions; average baseline number of emer-
gency department visits/ hospital admissions in previous year

• Intervention: name of the case management model; brief description of model; intensity of
intervention; multidisciplinary team(and specific members) or single case manager; primary
case manager; primary location of case management; risk stratification model used; whether
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there was 24-hour availability of a case manager; caseload; whether the case manager received
training in the intervention protocol; reimbursement method

• Context: country was used to define the ‘strength’ of primary health care, classified according
to Starfield & Shi’s work [31]

• Outcome categories:Health–self-assessed health status,mortality; Cost–total cost of care,
healthcare utilisation (primary and non-specialist care and secondary care separately), and;
Satisfaction–patient satisfaction

• Study design: design; study duration; unit of analysis; eligibility criteria; type of control group

On a separate sheet, relevant quantitative data for the meta-analysis were extracted (see
quantitative analysis section below). Where adjusted and unadjusted results were both pre-
sented, the result adjusting for the most potentially confounding variables was extracted.

25 percent (n = 9 studies) of the data were extracted by two researchers working indepen-
dently. The agreement was high (kappa coefficient = 0.85, across 326 data points), and the
remainder of the data were extracted by the first author, and the accuracy of extraction verified
by a second reviewer.

Quality Assessment
In the original protocol, we predicted having to use multiple measures of risk of bias to suit the
various study types included in the eligibility criteria. However, having identified the full text
articles and study designs represented, it became clear that it would be possible and preferable
to use a single quality assessment tool, the EPOC risk of bias tool [32], better allowing compari-
son of quality across the included studies. The EPOC risk of bias tool encompasses nine stan-
dardised criteria to judge the quality of all RCTs, nRCTs, CBA and ITS studies. Each of the
nine criteria is judged on a 3-point scale, corresponding to: low risk, unclear risk, and high risk.
To ease comparison between studies, the total number of criteria met by each included study
was also reported. Those studies at high risk of bias (fulfilling three or less criteria) were
removed from the synthesis for sensitivity analysis.

Quantitative Analysis
Meta-analysis was carried out on six outcome categories related to the three main health sys-
tem goals [5]. These were:Health–self-assessed health status,mortality; Cost–total cost of care,
healthcare utilisation (primary and non-specialist care and secondary care separately), and; Sat-
isfaction–patient satisfaction. Table 1 clarifies which measures were included within each of
these outcome categories.

In addition to the outcomes specified in the original protocol, we also attempted to extract
data related to the outcome category of ‘patient safety’: admissions for ambulatory care sensitive
conditions [33], and polypharmacy (simple count of medications). However, none of the
included studies reported these outcome measures, so results could not be synthesised.

Meta-analysis was carried out on each outcome, distinguishing between effects over the
short-term (0–12 months), and longer-term (13+ months). Meta-analysis used the standard-
ised mean difference measure, based on the mean of the case management group minus mean
of the control group, divided by the pooled standard deviation [34]. When multiple measures
were available for a single study within a certain outcome category, the median effect was used,
as recommended in the literature [35] (e.g. for the outcome of self-assessed health status, if a
measure of activities of daily living, of restricted activity days, and a measure of QALYs were all
available for a given study, the effect size for each of these would be calculated, and themedian
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standardised mean difference would represent this studies’ overall effect for this outcome). We
adopted Cohen’s rule of thumb for interpreting effect sizes, i.e. that 0.2 indicates a small effect,
0.5 a medium, and 0.8 a large effect [36].

Heterogeneity in the outcomes was assessed using the I2 statistic, interpreted as the percent-
age of total variation in the study estimates due to heterogeneity [37]. A random effects model
was chosen to present the pooled effect results based on the relatively high level of heterogene-
ity assumed between studies evaluating a complex intervention in a variety of service contexts.

Funnel plots were performed to assess small sample bias (which may bean indicator of pub-
lication bias), but only for those outcomes drawing on 10 or more studies, as recommended
[38]. Egger’s test of small-study effects was additionally performed to quantify observations in
the funnel plots [39].

As a complex intervention, context may be of some importance when assessing case man-
agement [40]. Subgroup analyses were performed where 10 or more studies contributed effect
size data. The pre-specified variables were:

• Context: strength of primary health care orientation of the health system (low versus inter-
mediate/ high)

• Type of case management: multidisciplinary team (MDT) versus single case manager; type of
risk tool used (judgement versus threshold/ predictive risk modelling); inclusion of a social
worker in the case management (versus absence)

• Study design: RCT versus non-RCT

Table 2 discusses the justifications for these choices of subgroup.
Statistical significance between subgroups was judged by overlap of each subgroup’s pooled

effect (i.e. overlap of confidence intervals between subgroup effects indicates no significant dif-
ference) [47].

The majority of effect sizes were calculated using the Metaeasy software add-in for Micro-
soft Excel (version 1.0.4) [35]. The Metaeasy software allows standardisation of effect size from
a variety of input parameters (dichotomous, continuous or both data types), according to eight
possible methods described by the Cochrane Collaboration [48]. When multiple methods are

Table 1. Outcomemeasures.

Self-assessed health status Mortality

- (Instrumental/) Activities of Daily Living - Mortality within study period

- Physical/ mental health questionnaires

- Bed days/ restricted activity days

- Quality Adjusted Life Years (QALYs)

Total cost of services Utilisation of primary and non-specialist care

- Total cost - Primary care physician visits

- Total insurance expenditure/ reimbursement - Home care visits

- Social worker visits

- Nursing visits

Utilisation of secondary care Patient satisfaction

- Emergency Department visits - Patient satisfaction questionnaires

- Hospital admissions/ re-admissions/ days - Patient quality of care ratings

- Inpatient/outpatient utilisation

- Skilled nursing facility visits/ days

- Ambulance calls

doi:10.1371/journal.pone.0132340.t001
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available for a single outcome, methods are prioritised according to expected statistical preci-
sion [35]. To maximise included results, the Metaeasy effect size calculation methods were sup-
plemented by methods developed by Lipsey &Wilson [49], with a calculator available at http://
www.campbellcollaboration.org/resources/effect_size_input.php. Effect directions were trans-
formed so that a positive effect represented favouring case management for all outcome mea-
sures. These final effect sizes and their standard errors were then input to STATA together
with relevant study information for the subgroup analysis. The final meta-analyses were then
run on STATA (version 13) [50] using themetan command [51]. Funnel plots were prepared
using themetafunnel command [52], and the Egger test with themetabias command [53].

Sensitivity analyses and Multiple comparisons
Two separate post-hoc sensitivity analyses were conducted in addition to the specified PROS-
PERO protocol. Studies were removed from analysis if they were:

1. at high risk of bias (meeting 3 or less of the criteria for assessment of study quality)

2. set in a Veteran’s health setting, where over 90% of the patients were males.

With multiple comparisons, the chances of inflating type I errors is increased [54]. We
therefore used the Holm-Bonferroni adjustment [55] for multiple comparisons to identify
potential false positive results.

Results
Fig 2 shows the PRISMA flow diagram, with the studies included/excluded at each stage of the
screening process. 36 unique studies were finally included in the meta-analyses.

Table 2. Subgroup analyses.

Strength of primary care orientation: ‘Case management’ may be replacing some of the functions of
well-co-ordinated, person-centred primary care [12]. The effects of case management may therefore be
greater when it is delivered in contexts where routine primary care services are less well developed. To test
this hypothesis, we stratified results by the assessed orientation to primary care of the study country’s
health system. The primary care orientation scores were developed by Starfield & Shi, and take into
account—for each country—both characteristics of health system policy that are conducive to primary care,
as well as characteristics of clinical practice [31].

Multidisciplinary team versus single case manager: The hypothesis that teams are more effective than
individuals at problem solving and delivering services is established across a number of diverse
organisational settings [41], and teams have also been advocated in the treatment of patients with long-
term conditions [42]. We tested whether case management by teams was more effective than by
individuals.

Type of risk tool used: Targeting the ‘correct’ patients will be vital to any effective case management
programme, particularly when assessed on cost and utilisation outcomes [43]. To test whether identification
of the ‘correct’ patients was more effective when carried out by a rule-based model, we compared clinical
judgement with rule-based and predictive models.

Inclusion of a social worker in case management: Collaboration between health and social services is
thought to be important for effective case management [6], particularly of multimorbid patients who
frequently have a complex mix of health and social care issues [44]. It also provides an additional,
‘professional’ level of care integration to the intervention [45], encouraging the different disciplines to work
more closely together. To test the relative effectiveness of inclusion of a social worker, we therefore
stratified results by this variable.

RCT versus non-RCT: RCTs are theoretically less vulnerable to bias, and therefore may give slightly
different estimates of effect compared to observational studies (smaller/larger/reversed) [46]. We therefore
compared RCTs to non-RCTs to observe any potential inconsistencies.

doi:10.1371/journal.pone.0132340.t002
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Characteristics of included studies
Unsurprisingly, since the majority aimed at an elderly population, the average age in nearly all
studies was high (mean age: 75.7, range of mean age: 49.0 to 87.3).

Table 3 shows the demographic characteristics of the studies. Of note, 5 (14%) provided
case management to a population composed of over 90% males, carried out in veterans’ set-
tings. Inadequate information was provided across studies on baseline number of long-term
conditions, and baseline utilisation of emergency and specialist services.

Fig 2. PRISMA flow diagram of study selection [56].

doi:10.1371/journal.pone.0132340.g002
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Table 3. Demographics of included studies. N/R = Not Reported; N/A = Not Applicable.

Study Total (n) Intervention
(n)

Control
(n)

% Male
(controls)

Average
age
(controls)
+-SD

Average no. of
chronic
conditions
(controls)
+-SD

Baseline
average ED
visits in
previous year
(controls)

Baseline average
Hospital
admissions in
previous year
(controls)

Beland 2006a[57];
Beland 2006b[58]

1309 656 653 28 82.3+-7.2 5.0+-2.3 N/R N/R

Bernabei 1998[59] 199 99 100 29 81.3+-7.4 4.8+-1.7 N/R N/R

Bird 2010[60] COPD:
124; CHF:
89

COPD: 78;
CHF: 67

COPD: 46;
CHF: 22

COPD: 67;
CHF: 63

COPD: 70
+-N/R; CHF:
76+-N/R

N/R COPD: 4.8
+-3.0; CHF:
5.1+-1.8

COPD: 3.3+-2.1;
CHF: 2.8+-1.4

Boult 2008[61]; Leff
2009[62]; Boyd 2010
[63]; Boult 2011[64];
Boult 2013 [65]

904 485 419 45 78.1+-N/R 4.3+-N/R N/R N/R

Boyd 1996[66] 54 27 27 30 81+-N/R N/R 1.1+-N/R 1.6+-N/R

Burns 1995[67];
Burns 2000[68]

128 60 68 99 70.8+-3.7 2.0+-1.8 N/R N/R

Coburn 2012[69] 1736 873 863 40 74.9+-6.5 3.8+-2.0 N/R N/R

Counsell 2007[70];
Counsell 2009[71]

951 474 477 23 71.6+-5.8 2.6+-1.5 1.2+-2.4 0.4+-1.2

Dalby 2000[72] 142 73 69 23 78.1+-5.3 N/R N/R N/R

De Stampa 2014
[73]

428 105 323 28 87.3+-7.3 N/R N/R N/R

Dorr 2008[74] 3432 1144 2288 35 76.2+-7.1 N/R N/R N/R

Enguidanos 2006
[75]

452 TCM: 113;
GCM: 117;
POS: 124

98 36 N/R (65+) N/R N/R N/R

Fan 2012[76] 426 209 217 96 65.8+-8.2 N/R 2.7+-2.2 N/R

Fitzgerald 1994[77] 668 333 335 100 64.6+-7.7 N/R N/R N/R

Fordyce 1997[78] 1090 326 764 45 N/R (65+) N/R N/R 0.24+-0.4

Gagnon 1999[79] 427 212 215 41 81.8+-6.7 N/R 0.9+-1.2 0.4+-0.7

Gravelle 2007[80] 7695
(practices)

62 (practices) 6960
(practices)

N/A N/A N/A N/A N/A

Hogg 2009[81];
Gray 2010[82]

241 120 121 37 72.8+-N/R 2.4+-N/R N/R N/R

Kruse 2010[83] 379 130 249 35 75.1+-6.8 N/R N/R N/R

Leung 2004[84] 260 130 130 52 75.3+-7.2 2.9+-1.5 0.3+-0.6 0.9+-1.2

Levine 2012[85] 298 156 142 36 80.6+-8.7 2.4+-1.5 N/R N/R

Martin 2004[86] 93 44 49 65 69.1+-20 N/R N/R N/R

Metzelthin 2013[87] 346 153 193 31 76.8+-4.92 N/R N/R N/R

Morishita 1998[88];
Boult 2001[89]

568 294 274 58 78.7+-5.8 N/R N/R 0.8+-1.0

Newcomer 2004
[90]

3079 1537 1542 40 N/R (65+) N/R N/R N/R

Ploeg 2010[91] 719 361 358 46 81.3+-4.4 N/R N/R N/R

Rodenas 2008[92] 152 101 51 N/R N/R (65+) N/R N/R N/R

Rubenstein 2007
[93]

793 380 412 97 74.3+-6.1 N/R N/R N/R

Schraeder 2001[94] 941 530 411 25 75.4+-6.4 N/R N/R 1.6+-0.94

Schraeder 2008[95] 677 400 277 40 76.4+-7.9 N/R N/R N/R

Shannon 2006[96];
Alkema 2007[97]

781 377 404 34 83.7+-7.36 N/R 0.51+-1.06 N/R

(Continued)
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Table 4 summarises the potentially relevant contextual factors. Of the 36 studies included,
the majority were from the USA (n = 21, 58%). When classified according to relative strength
of primary care orientation, 23 studies (64%) were set in a system with low strength of primary
care, and 13 (36%) in an intermediate, or high strength system. Three studies (8%) were tar-
geted at patients with specific conditions (COPD/chronic heart failure) while the majority tar-
geted populations more broadly on frailty, chronic illness or high utilisation (92%).

A brief qualitative description of each intervention is also provided in Table 4. Table 5 com-
pares some of the key attributes of each intervention more directly. Many criteria highlighted
as key to understanding integrated care interventions [9] were inadequately reported which
limited their utility for analysis. However, the type of risk tool, whether the case management
was carried out by a MDT or single case manager, and the inclusion of a social worker in the
case management could be recorded for all studies. The majority of studies used a ‘threshold’/
’predictive risk modelling’ risk assessment tool (n = 32, 89%), with only 4 (11%) using clinical
judgement. Twenty-one studies (58%) employed MDT case management. A social worker was
involved in the case management in 12 studies (33%).

Methodological Quality
The majority of studies (n = 28, 78%) used an RCT. The length of follow-up in the studies var-
ied, with a range of 6 to 60 months. Table 6 shows the methodological quality according to the
nine criteria of the EPOC risk of bias tool. The studies were of variable quality, with 64%
(n = 23) fulfilling seven or more criteria, 30% (n = 11) fulfilling between four and six criteria,
and 6% (n = 2) fulfilling three or less.

Primary analyses
Figs 3–8 show the results of the primary meta-analyses for the six outcome categories assessed
(both short- and long-term).

Health. A statistically significant effect favouring case management was found for self-
assessed health status (Fig 3) in the short-term (0.07, 95% CI 0.00 to 0.14, I2 = 35.1%, p =
0.094), but this effect was not present in the long-term (-0.01, 95% CI -0.08 to 0.05, I2 = 12.8%,
p = 0.327). No significant effect was found formortality (short-term: 0.08, 95% CI -0.03 to
0.19, I2 = 63.6%, p = 0.001; long-term: 0.03, 95% CI -0.04 to 0.09, I2 = 40.0%, p = 0.067 –Fig 4).

Table 3. (Continued)

Study Total (n) Intervention
(n)

Control
(n)

% Male
(controls)

Average
age
(controls)
+-SD

Average no. of
chronic
conditions
(controls)
+-SD

Baseline
average ED
visits in
previous year
(controls)

Baseline average
Hospital
admissions in
previous year
(controls)

Sledge2006[98] 96 47 49 41 49+-N/R N/R N/R N/R

Stuck 2000[99] 791 264 527 29 81.5+-4.5 N/R N/R N/R

Sylvia 2008[100];
Boyd 2008[101]

127 62 65 54 75.8+-N/R 2.9+-N/R N/R N/R

Toseland 1996
[102]; Toseland
1997[103];
Engelhardt 1996
[104]; Engelhardt
2006 [105]

160 80 80 100 72.6+-5.75 2.6+-1.3 N/R N/R

van Hout 2010[106] 651 331 320 31 81.5+-4.3 2.0+-1.4 N/R 1.6+-3.8

doi:10.1371/journal.pone.0132340.t003
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Table 4. Context of included studies.

Study Country Strength of
primary care
orientation (of
country)*

Population Study design
(n
participants)

Study
length
(months)

Brief description of model Extracted
outcomes for meta-
analysis

Beland 2006a [57];
Beland 2006b [58]

Canada intermediate Elderly &
functionally
disabled

RCT; n = 1309 22 Community-based MDTs with
full clinical responsibility for
delivering and coordinating
services. 24-hour availability
via phone. Actively followed
patients through care
trajectory.

Utilisation (primary/
secondary care)

Bernabei 1998
[59]

Italy high# Elderly &
receiving home
health services/
assistance

RCT; n = 199 12 MDT-designed care plan
following assessment by GP/
case manager. Case manager
followed-up every two months,
and constantly available to
deal with problems and
monitor provision of services.

Mortality, Self-
reported health
status, Utilisation
(primary/secondary
care)

Bird 2010 [60] Australia intermediate Frequent
presenters for
COPD/CHF

CBA; n = 124
(COPD)/n = 89
(CHF)

11 Patients allocated to disease-
specific stream based on
presentations. Results of initial
case facilitator assessment
discussed at case conference
with MDT. Education, self-
management, and
coordination focus. Follow-up
mostly at home

Mortality, Utilisation
(secondary care)

Boult 2008 [61];
Leff 2009 [62];
Boyd 2010 [63];
Boult 2011 [64];
Boult 2013 [65]

USA low Elderly & high-
risk multimorbid

cRCT; n = 904 32 Nurse responsible for
assessing, planning care,
monitoring, coaching self-
management, coordination of
services, and education for
patient and family. Helped by
team of physicians.

Total cost of
services, Mortality,
Patient satisfaction,
Self-reported health
status, Utilisation
(primary/secondary
care)

Boyd 1996 [66] USA low Elderly &
chronically ill

nRCT; n = 54 12 Community-based, integrating
case management in patient’s
everyday life, with case
manager available to monitor
the patient’s chronic illness
(es). Developing care plan,
coordinating services, and
providing counselling support.

Mortality

Burns 1995 [67];
Burns 2000 [68]

USA low Frail elderly RCT; n = 98 24 Consistent involvement of
MDT (GEM team). Initially
assess patient and provide
ongoing management. Most
appropriate team member for
given patient served as main
liaison.

Mortality, Self-
reported health
status, Utilisation
(primary/secondary
care)

Coburn 2012 [69] USA low Elderly &
chronically ill

RCT; n = 1736 60 Patients risk-stratified within
intervention. Regardless of
strata, nurse developed an
individualised care plan.
Group interventions were also
provided by the care
managers. Nurses
collaborated with other
healthcare professionals when
required.

Mortality

(Continued)
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Table 4. (Continued)

Study Country Strength of
primary care
orientation (of
country)*

Population Study design
(n
participants)

Study
length
(months)

Brief description of model Extracted
outcomes for meta-
analysis

Counsell 2007
[70]; Counsell 2009
[71]

USA low Low income
elderly

RCT; n = 951 24 Care plan developed in
collaboration with MDT.
Weekly team meetings to
review team successes and
problem-solve barriers to
implementation. At least
monthly home-based care
management supported by an
electronic medical record and
web-based tracking system.

Total cost of
services, Mortality,
Patient satisfaction,
Self-reported health
status, Utilisation
(secondary care)

Dalby 2000 [72] Canada intermediate Frail elderly living
in the community

RCT; n = 142 14 Nurse-led comprehensive
assessment. Care plan
developed in conjunction with
primary physician. Follow-up
visits and calls as needed.
Nurse coordinates further
community services

Mortality, Utilisation
(primary/secondary
care)

De Stampa 2014
[73]

France low Frail elderly CBA; n = 428 12 Two-person team responsible
for patient’s care trajectory.
The primary care manager
developed care plan, ongoing
role of physician to collaborate
and share information.
Support as needed from
geriatricians.

Self-reported health
status, Utilisation
(secondary care)

Dorr 2008 [74] USA low Elderly &
chronically ill

nRCT;
n = 3432

24 Case management aimed at
addressing social, cognitive,
and functional needs.
Assisted by specialised IT
software including structured
protocols and guidelines. Co-
creation of care plan with
patients.

Mortality, Utilisation
(secondary care)

Enguidanos 2006
[75]

USA low Frail elderly RCT; n = 452 12 Study compares 4 strategies
of care. Telephone case
management (single case
manager); Geriatric care
management (GCM) (MDT
involvement in care plan);
GCM with purchase of service
capability (addition of $2000 of
designated paid services
within first 6 months);
Information and referral
assistance (most basic, acts
as control group).

Utilisation (primary/
secondary care)

Fan 2012 [76] USA low Frequent
presenters for
COPD

RCT; n = 426 12 Initial individual educational
programme, needs
assessment, and an overview
of COPD. Reinforced during
group session, and with
follow-up phone calls.
Individualised plan for flare-
ups, including prescriptions for
prednisone and antibiotic.

Mortality, Patient
satisfaction, Self-
reported health
status, Utilisation
(secondary care)

(Continued)
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Table 4. (Continued)

Study Country Strength of
primary care
orientation (of
country)*

Population Study design
(n
participants)

Study
length
(months)

Brief description of model Extracted
outcomes for meta-
analysis

Fitzgerald 1994
[77]

USA low Inpatient medical
service users

RCT; n = 668 12 Included instructing patients
about their medical problems,
facilitating access to usual
care, and identifying and
fulfilling unmet social and
medical needs with standard
or alternative sources of care.
Periodic assessment of
medical and social needs.
Coordination of all
appointments for patient.
24-hour telephone access

Mortality, Utilisation
(primary/secondary
care)

Fordyce 1997 [78] USA low Frail elderly RCT; n = 1090 36 Yearly health, functional, and
social evaluation. Weekly
team meetings where nurse
presented cases for review.
Medical-functioning profile
worked up for each patient,
acting as indication of intensity
of follow-up, as needed.
Follow-up mostly by
telephone.

Utilisation
(secondary care)

Gagnon 1999 [79] Canada intermediate Frail elderly RCT; n = 427 10 Coordination of all healthcare
providers and implementation
of a responsive plan of care.
Monthly phone calls, and a
home visit every 6 weeks
were the minimum standard.
Additional contacts when
required. Specialist
consultation available to
nurses for complicated cases.

Patient satisfaction,
Self-reported health
status, Utilisation
(secondary care)

Gravelle 2007 [80] UK high Frail elderly CBA; n = 7757
(practices)

48 Assessment, using structured
assessment tools, a physical
examination, which resulted in
an individualised care plan.
Patients were then monitored
at a frequency determined by
their classification of risk.

Mortality, Utilisation
(secondary care)

Hogg 2009 [81];
Gray 2010 [82]

Canada intermediate Older & at-risk of
adverse
outcomes

RCT; n = 241 18 Nurses and pharmacist co-
located at family practice, but
delivered care almost
exclusively at patient’s home.
Team-developed care plan. 22
patients also received a tele-
health system for remote
monitoring.

Total cost of
services, Self-
reported health
status, Utilisation
(primary/secondary
care)

Kruse 2010 [83] USA low Elderly &
chronically ill, at-
risk for
catastrophic
illness

nRCT; n = 379 60 Assessed patient’s needs,
provided education,
coordinated referrals, provided
first-access care and follow-up
care following visits to doctor/
hospital on the telephone.

Mortality, Utilisation
(primary/secondary
care)

(Continued)
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Table 4. (Continued)

Study Country Strength of
primary care
orientation (of
country)*

Population Study design
(n
participants)

Study
length
(months)

Brief description of model Extracted
outcomes for meta-
analysis

Leung 2004 [84] Hong Kong intermediate^ Community-
dwelling frail
elderly

RCT; n = 260 6 Regular home-visits and
telephone consultations. Care
plan designed in discussion
with patient and caregiver.
Coordination of health and
social services through
referral plus case conference.
Monitoring of health and
hospitalisation patterns via
computer programme.
Counselling, health education,
and supportive group
services.

Self-reported health
status, Utilisation
(primary/secondary
care)

Levine 2012 [85] USA low Elderly &
multimorbid, at-
risk for
hospitalisation

RCT; n = 298 12 Included early identification
and treatment of illness
exacerbation, patient-specific
health education, self or
caregiver management of
disease, and advance care
planning and other
psychosocial issues. Team
worked closely at all stages.

Total cost of
services, Patient
satisfaction,
Utilisation (primary/
secondary care)

Martin 2004 [86] New
Zealand

intermediate+ Acutely
deteriorating
COPD patients

RCT; n = 93 12 Generic care plan was
individualised and signed off.
Supplies of antibiotics and
prednisone made available.
Copies of plan held by each
potential provider of care.
Routine support and further
education available.

Utilisation (primary/
secondary care)

Metzelthin 2013
[87]

The
Netherlands

high Frail elderly cRCT; n = 346 24 Core team (GP and nurse)
cooperate closely with other
health professionals as
needed. Initial home-visit and
assessment, meeting to
design care plan, and
treatment starts with protocol
offering recommendations and
guidelines.

Self-reported health
status

Morishita 1998
[88]; Boult 2001
[89]

USA low Elderly & high-
risk

RCT; n = 568 18 Consistent involvement of
MDT (GEM team). Specialised
GEM clinic introduced, where
patients were followed-up.
Individual team members saw
patients approximately
monthly, met to discuss.
Regular telephone calls, and
available 24-hours on
telephone service

Total cost of
services, Mortality,
Patient satisfaction,
Self-reported health
status, Utilisation
(primary care)

Newcomer 2004
[90]

USA low High-risk elderly RCT; n = 3079 12 Patients triaged by risk
category after initial
assessment. Predominant
method of contact was
telephone, supplemented by
monitoring utilisation. Nurse
case manager distributed
educational material and
advice, coordinated services,
but no direct role in treatment
management.

Self-reported health
status, Utilisation
(primary/secondary
care)

(Continued)
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Table 4. (Continued)

Study Country Strength of
primary care
orientation (of
country)*

Population Study design
(n
participants)

Study
length
(months)

Brief description of model Extracted
outcomes for meta-
analysis

Ploeg 2010 [91] Canada intermediate Elderly & at-risk
of functional
decline

RCT; n = 719 12 Nurse-led comprehensive
initial assessment,
collaborative care planning,
health promotion, and referral
to community health and
social support services.
Assessments at baseline, 6
and 12 months. Additional
health education and referrals
to other health services.

Total cost of
services, Mortality,
Self-reported health
status, Utilisation
(primary/secondary
care)

Rodenas 2008 [92] Spain high Elderly &
receiving home
care

RCT; n = 152 12 Direct interaction with the
patients was carried out by a
MDT. The team took charge
of: 1) assessing individual
needs 2) designing and
starting individual care
itineraries 3) benefit quality
assurance, and 4) monitoring
and on-going review of the
strategy. Extra health and
social care resources were
also available for the
intervention group.

Patient satisfaction,
Utilisation (primary/
secondary care)

Rubenstein 2007
[93]

USA low High-risk elderly RCT; n = 793 36 Initial telephone assessment
by physician assistant case
manager. Some patients
referred for further
assessment and an
interdisciplinary care plan at a
geriatric assessment unit.
Coordination of follow-up by
phone, each patient mailed a
copy of the care plan.

Self-reported health
status, Utilisation
(secondary care)

Schraeder 2001
[94]

USA low Community-
dwelling elderly

RCT; n = 941 24 Team's goal was to provide
enhanced primary care by
providing assessments,
flexible home office visits,
detailed care planning, routine
telephone monitoring, and
coordination and procurement
of supportive services. Nurse
and care assistant co-located.

Total cost of
services, Mortality,
Utilisation
(secondary care)

Schraeder 2008
[95]

USA low Community-
dwelling,
chronically ill
elderly

nRCT; n = 677 36 Intervention emphasised
collaboration between
physicians, nurses and
patients, risk identification,
comprehensive assessment,
collaborative planning, health
monitoring, patient education,
and transitional care. Nurse
and care assistant co-located.

Utilisation
(secondary care)

Shannon 2006
[96]; Alkema 2007
[97]

USA low Elderly & high
utilisers

RCT; n = 781 12 Telephone-based
management to coordinate
services bridging medical and
social care. Focus on
referrals. Monthly follow-up
calls.

Mortality, Utilisation
(primary/secondary
care)

(Continued)
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Table 4. (Continued)

Study Country Strength of
primary care
orientation (of
country)*

Population Study design
(n
participants)

Study
length
(months)

Brief description of model Extracted
outcomes for meta-
analysis

Sledge 2006 [98] USA low Recent high use
of inpatient
services

RCT; n = 96 12 PIC intervention consisted of
two components: 1) a
comprehensive
interdisciplinary medical and
psychosocial assessment (2–
3 hours on first visit), and 2)
follow-up ambulatory case
management for 1 year.
Involvement differed by need,
but minimum monthly call.

Total cost of
services, Mortality,
Patient satisfaction,
Self-reported health
status, Utilisation
(primary/secondary
care)

Stuck 2000 [99] Switzerland low# In-home visits for
disability
prevention

RCT; n = 791 36 Annual nurse-led
comprehensive assessments.
Cases discussed with
geriatrician and
recommendations developed.
In-home follow-up visits every
3 months. Nurses also
provided health education,
encouraged self-care, and
attempted to improve
communication with the
physician. Interdisciplinary
team available to discuss
complex patients.

Mortality, Self-
reported health
status, Utilisation
(secondary care)

Sylvia 2008 [100];
Boyd 2008 [101]

USA low Community-
dwelling,
chronically ill,
elderly

nRCT; n = 127 6 At-home assessment,
evidence-based care plan,
promotion of self-
management, monthly
monitoring, coaching on
healthy behaviours,
coordination of transitions in
care, and facilitating access to
community resources.

Total cost of
services, Patient
satisfaction,
Utilisation (primary/
secondary care)

Toseland 1996
[102]; Toseland
1997 [103];
Engelhardt 1996
[104]; Engelhardt
2006 [105]

USA low Frail elderly RCT; n = 160 48 Primary functions of the GEM
team included: initial
comprehensive assessment;
development of a care plan;
implementation of the care
plan; periodic reassessment;
monitoring and updating the
care plan, and; referral to and
coordination with other health
and social service providers.
Weekly team meetings to
discuss.

Total cost of
services, Mortality,
Patient satisfaction,
Self-reported health
status, Utilisation
(primary/secondary
care)

van Hout 2010
[106]

The
Netherlands

high Community-
dwelling frail
elderly

RCT; n = 651 18 Assessment of health and
care needs, recommended
interventions based on
guidelines, individually tailored
care plans (copy left at
patient’s home for other care
workers to see/add to). Home
visits at least 4 times a year.

Mortality, Self-
reported health
status, Utilisation
(secondary care)

* Source: Starfield et al 2002 [31], unless otherwise stated
# Source: Macinko et al 2003 [107]
+ Source: Grant et al 1997 [108]
^ Source: Fry & Horder 1994 [109]

doi:10.1371/journal.pone.0132340.t004
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Cost. No significant effect was found for total cost of services (short-term: -0.00, 95% CI
-0.07 to 0.06, I2 = 0.0%, p = 0.784; long-term: -0.03, 95% CI -0.16 to 0.10, I2 = 46.0%, p = 0.116
–Fig 5), utilisation of primary and non-specialist care (short-term: -0.08, 95% CI -0.22 to 0.05,
I2 = 79.2%, p<0.001; long-term: -0.10, 95% CI -0.29 to 0.09, I2 = 78.6%, p<0.001 –Fig 6) or sec-
ondary care (short-term: 0.04, 95% CI -0.02 to 0.10, I2 = 39.6%, p = 0.027; long-term: -0.02,
95% CI -0.08 to 0.04, I2 = 22.8%, p = 0.194 –Fig 7).

Satisfaction. Patient satisfaction (Fig 8) showed a statistically significant beneficial effect
in the case management group in the short-term (0.26, 95% CI 0.16 to 0.36, I2 = 0.0%,
p = 0.465), increasing in the long-term (0.35, 95% CI 0.04 to 0.66, I2 = 88.3%, p<0.001).

Fig 3. Forrest plot for self-assessed health status outcome. Effect estimates are the standardised mean difference, where the solid vertical line at 0
indicates no effect. Effect estimates are based on a random-effects model. Each subtotal shows the overall effect estimate for the time-period indicated.

doi:10.1371/journal.pone.0132340.g003
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Heterogeneity, measured with the I2 statistic, varied by outcome and time-period measured.
Those with particularly high I2 (over 75% [47]), included utilisation of primary and non-spe-
cialist care (short- and long-term), and patient satisfaction (long-term).

The funnel plots showed a fairly even distribution of small studies, suggesting no small
study bias. The one exception was for self-assessed health status, which appeared slightly
skewed towards favourable results for the intervention in smaller studies. However, results of
the Egger test found no statistically significant small-study effects across any of the outcomes
assessed.

Fig 4. Forrest plot for mortality outcome. Effect estimates are the standardised mean difference, where the solid vertical line at 0 indicates no effect. Effect
estimates are based on a random-effects model. Each subtotal shows the overall effect estimate for the time-period indicated.

doi:10.1371/journal.pone.0132340.g004

Case Management for 'At Risk' Patients in Primary Care

PLOS ONE | DOI:10.1371/journal.pone.0132340 July 17, 2015 28 / 42



Subgroup analyses
The following outcome categories met the minimum criteria of 10 studies contributing to the
primary analysis:mortality (short-, and long-term), self-assessed health status (short-term), uti-
lisation of primary and non-specialist care (short-term), and utilisation of secondary care
(short-, and long-term).

The results for each of the subgroup analyses are summarised in Table 7, below (the forest
plots can be found in S2 Appendix).

Power to determine differences in subgroup analyses is limited, the large number of com-
parisons risks inflating rates of Type I error, and there may be other differences between studies
that have not been taken into account in these univariate comparisons. Therefore, these results
should be treated with appropriate caution. When interpreting subgroup effects, significant dif-
ference between subgroups is the important comparative factor. Importantly, no statistically
significant differences were found when comparing between subgroups.

Fig 5. Forrest plot for total cost of services outcome. Effect estimates are the standardised mean difference, where the solid vertical line at 0 indicates no
effect. Effect estimates are based on a random-effects model. Each subtotal shows the overall effect estimate for the time-period indicated.

doi:10.1371/journal.pone.0132340.g005

Case Management for 'At Risk' Patients in Primary Care

PLOS ONE | DOI:10.1371/journal.pone.0132340 July 17, 2015 29 / 42



However, results perhaps indicate slightly beneficial effects of delivery of case management
by an MDT, with the inclusion of a social worker, and in settings with low strength of primary
care. These preliminary findings may merit further investigation. Nevertheless, any significant
within-subgroup effects found were extremely small by Cohen’s interpretation.

Sensitivity Analysis and Multiple comparisons
Those studies at highest risk of bias reported findings in the short-term (0–12 months) for utili-
sation of primary and non-specialist care and utilisation of secondary care [75, 86]. Studies

Fig 6. Forrest plot for utilisation of primary and non-specialist care outcome. Effect estimates are the standardised mean difference, where the solid
vertical line at 0 indicates no effect. Effect estimates are based on a random-effects model. Each subtotal shows the overall effect estimate for the time-period
indicated.

doi:10.1371/journal.pone.0132340.g006
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Fig 7. Forrest plot for utilisation of secondary care outcome. Effect estimates are the standardised mean difference, where the solid vertical line at 0
indicates no effect. Effect estimates are based on a random-effects model. Each subtotal shows the overall effect estimate for the time-period indicated.

doi:10.1371/journal.pone.0132340.g007
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using Veteran participants [67, 76, 77, 93, 102], with over 90% males, reported findings in all
outcomes and time-periods assessed.

After adjusting for multiple comparisons, excluding these studies showed no significant dif-
ference from the results reported above, either for the primary analysis, or between subgroup
differences for the subgroup analyses. The results of the sensitivity analysis can be found in S3
Appendix.

After Holm-Bonferroni correction was applied to all results, only two of the statistically sig-
nificant results held: the finding of a significant effect on patient satisfaction in the short-term
(0–12 months) in the primary analysis, and the same outcome measure in the sensitivity analy-
sis (excluding studies with Veteran participants).

Fig 8. Forrest plot for patient satisfaction outcome. Effect estimates are the standardised mean difference, where the solid vertical line at 0 indicates no
effect. Effect estimates are based on a random-effects model. Each subtotal shows the overall effect estimate for the time-period indicated.

doi:10.1371/journal.pone.0132340.g008
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Discussion
Summary of the key findings
Case management of ‘at-risk’ patients in primary care has been promoted as a way of reducing
health system pressures, and the most recent iteration of the UK GP contract has provided
incentives for its delivery. This evidence identified by this review does not provide strong evi-
dence to suggest that case management is an effective way of alleviating pressure on a health
system. Total cost of care, and utilisation of secondary care services do not appear to be

Table 7. Results of subgroup analyses. No significant differences between subgroups (p<0.05). Note:
Positive effect size favours case management for all measures.

Outcome (time-period) Subgroup effect size(number of studies)

MDT (21) Single (15)

Mortality (short) 0.20 (0.05 to 0.35)*(6) 0.01 (-0.13 to 0.16)(6)

Mortality (long) 0.04 (-0.06 to 0.14)(6) 0.01 (-0.08 to 0.10)(7)

Self-rated health (short) 0.14 (0.01 to 0.27)*(8) 0.02 (-0.03 to 0.07)(6)

Utilisation primary care (short) -0.10 (-0.30 to 0.10)(12) -0.04 (-0.20 to 0.11)(4)

Utilisation secondary care (short) 0.08 (-0.02 to 0.17)(15) 0.01 (-0.06 to 0.09)(8)

Utilisation secondary care (long) 0.02 (-0.04 to 0.09)(9) -0.08 (-0.18 to 0.03)(7)

Low PHC score (23) Int/high PHC score (13)

Mortality (short) 0.09 (-0.05 to 0.23)(9) 0.05 (-0.13 to 0.23)(3)

Mortality (long) 0.05 (-0.01 to 0.12)(10) -0.10 (-0.27 to 0.08)(3)

Self-rated health (short) 0.11 (0.02 to 0.20)*(8) 0.03 (-0.08 to 0.13)(6)

Utilisation primary care (short) -0.12 (-0.30 to 0.06)(11) -0.00 (-0.20 to 0.20)(5)

Utilisation secondary care (short) 0.01 (-0.03 to 0.06)(16) 0.08 (-0.10 to 0.26)(7)

Utilisation secondary care (long) -0.02 (-0.10 to 0.05)(11) -0.02 (-0.12 to 0.07)(5)

Clinical Judgement (4) Risk modelling (32)

Mortality (short) 0.10 (0.03 to 0.17)*(2) 0.09 (-0.06 to 0.24)(10)

Mortality (long) -0.02 (-0.30 to 0.26)(2) 0.02 (-0.05 to 0.09)(11)

Self-rated health (short) n/a n/a

Utilisation primary care (short) n/a n/a

Utilisation secondary care (short) -0.06 (-0.18 to 0.06)(3) 0.06 (-0.00 to 0.13)(20)

Utilisation secondary care (long) -0.01 (-0.15 to 0.14)(3) -0.02 (-0.09 to 0.04)(13)

RCT (28) Non-RCT (8)

Mortality (short) 0.07 (-0.07 to 0.22)(9) 0.12 (-0.06 to 0.30)(3)

Mortality (long) 0.03 (-0.05 to 0.10)(10) -0.00 (-0.18 to 0.17)(3)

Self-rated health (short) n/a n/a

Utilisation primary care (short) n/a n/a

Utilisation secondary care (short) 0.04 (-0.02 to 0.10)(19) 0.17 (-0.11 to 0.45)(4)

Utilisation secondary care (long) -0.00 (-0.07 to 0.07)(12) -0.08 (-0.19 to 0.02)(4)

Social worker (12) No social worker (24)

Mortality (short) 0.24 (0.10 to 0.37)*(5) -0.01 (-0.14 to 0.13)(7)

Mortality (long) 0.07 (-0.04 to 0.17)(4) -0.00 (-0.09 to 0.08)(9)

Self-rated health (short) 0.15 (0.04 to 0.27)*(6) 0.03 (-0.04 to 0.10)(8)

Utilisation primary care (short) -0.13 (-0.38 to 0.12)(10) 0.03 (-0.05 to 0.10)(6)

Utilisation secondary care (short) 0.10 (0.00 to 0.20)(10) 0.02 (-0.06 to 0.09)(13)

Utilisation secondary care (long) -0.04 (-0.21 to 0.13)*(4) -0.02 (-0.08 to 0.05)(12)

* = significant in-subgroup effect (p<0.05)

doi:10.1371/journal.pone.0132340.t007
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significantly affected by case management. There may be a significant effect on self-reported
health status with case management. However, the magnitude of the benefit is very modest,
does not meet conventional criteria even for a ‘small’ effect, and was not significant after
adjustment for multiple comparisons. Case management does improve patient satisfaction
when compared to usual care. This is a legitimate outcome for a ‘patient-centred’ health care
system, but is rarely seen as the primary aim of case management interventions.

Strengths and limitations
Strengths of this study include the use of PRISMA guidelines, pre-specification of subgroups,
as well as the broad search strategy. Unfortunately, the broad search impaired our ability to
double-screen all studies at every stage, although we did double-screen a proportion at every
stage, and our inter-rater reliability was consistently good. We did not include grey literature,
due to the generally lower quality of this literature [110]. We found no evidence of small study
bias in our included studies.

Assessing complex service-level interventions is difficult, and RCTs may be particularly
problematic in the context of patients with multimorbidity [111]. We included the range of
intervention study types considered by ‘The Cochrane Effective Practice and Organisation of
Care (EPOC) Group’.

We view the use of meta-analysis as a major strength of this piece of work, which differenti-
ates this review from the narrative syntheses [17, 22–24, 26–28, 30]. Some argue that meta-
analysis of complex service-level interventions is inappropriate, because the effects of the inter-
vention are so dependent on context [40], and pooling the results from different contexts is not
advisable. However, as shown in the introduction, case management can be defined in terms of
a number of common components. In addition, we did try to account for context differences
(such as strength of the primary care system), although the precise scope of the term is unclear
[112], and a lack of consistent reporting limited what was possible.

Heterogeneity was high for measures of utilisation of primary and non-specialist care in
both time-periods assessed, and patient satisfaction in the long-term. This high level of hetero-
geneity is expected in analysis of a complex intervention, which is possibly highly dependent
on context. On the whole, choosing a random effects model took into account expected hetero-
geneity arising from comparison of a complex intervention across different settings [113]. Nev-
ertheless, caution must be applied to uncritical interpretation of the pooled effect, due to the
level of unexplained variation observed.

When we adjusted for multiple comparisons, only increased patient satisfaction in the
short-term remained significant. This type of adjustment, while it reduces the risk of false posi-
tive findings (type I error), does so at the risk of inflating the number of false negative findings
(type II error) [114]. As an intervention with low risk of harm to the patient, we have chosen to
present the unadjusted results as the primary analyses, with the results adjusted for multiple
comparisons suggesting additional caution in interpretation.

The outcome measures we chose were broadly inclusive. For example, in self-assessed health
status we included activities of daily living, as well as bed days, and more typical ‘health’mea-
sures, for instance QALYs. This could be a potential weakness of this study. However, we chose
these broad outcome categories attempting to synthesise as much of the relevant data as possi-
ble that were reported within the selected studies. Furthermore, these measures were reported
as functional outcome measures of health in the individual studies, and were therefore synthe-
sised as such.

Utilisation and cost outcomes have a tendency to be skewed. As expected, the studies we
synthesised reporting these outcomes demonstrated significant skew (i.e. the mean is smaller
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than twice the standard deviation), indicating that the mean reported is not a good indicator
of the centre of the distribution [115]. Future primary studies should make sure these skews
are reported, and that the effects of any subsequent log transformation are detailed for more
precise synthesis of these outcomes. Furthermore, although costs were detailed in a number
of studies, we identified only one cost-effectiveness analysis [82], and one cost-benefit analy-
sis [84].

Interpretation of the results in the context of other studies
It is difficult to directly compare, as most previous reviews on this subject have used narrative
synthesis methods [17, 23, 24], or used ‘vote counting’ to quantify the number of studies with
statistically significant results in either direction [22, 26–28, 30]. The majority of existing
reviews conclude that despite theoretical benefits, in practice there is only slight evidence of
benefits [22, 23], particularly related to patient satisfaction [24, 27], and functional health [26].
The single previous systematic review we identified which employed meta-analysis, addition-
ally included hospital discharge planning interventions (identifying a total of eleven studies,
only six of which—three in the primary care setting—were included in meta-analysis), and
only used meta-analysis for a single outcome category, ‘unplanned hospital admissions’, simi-
larly finding no significant effect [25]. Our results are in line with those previous reviews, with
the additional benefits of updating the evidence base, quantifying the impacts (emphasising the
small benefits) across a range of outcome categories, and exploring contextual variations.

Most published reviews focused on implementation have similarly identified inadequate
reporting of the methods of applying case management in practice as a major limitation of the
literature [17].

Implications for research
Case management has potential to impact on patient safety issues in primary care, such as co-
ordination and communication between professionals and levels of the health system [116].
No safety outcomes were identified in the included literature, and primary care patient safety is
a notoriously under-researched area [117].

As multimorbid patients are likely at most risk for co-ordination failures, and therefore
potentially have most to gain from the integration of care, measures of multimorbidity must be
more consistently reported [118], even if this is a simple count of mean number of chronic dis-
eases. Ideally, however, this would give more detailed breakdown by disease type/cluster [119]
as a subgroup analysis, enabling further targeting of specific interventions to specific groups of
patients who are most likely to benefit [120]. Additionally, there is some evidence that the
coexistence of physical and mental health problems could lead to increased management diffi-
culties [121]. Comorbidity of conditions should be better reported in evaluations and explored
in further research.

Current evidence comes from a majority of high-income, Western settings. This potential
bias requires addressing with evidence from other settings, for example Asia, where the case
management approach is currently evolving.

Implications for policy and practice
Given the lack of significant effects across the majority of outcome categories, should case man-
agement generally be encouraged or incentivised for the treatment of ‘at-risk’ patients in pri-
mary care? This review would suggest that, as currently delivered, case management should
not be regarded as a primary means of reducing overall health service utilisation and that it
will not reduce costs or improve health outcomes. While we have shown some statistically
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significant benefits, these are not focused on primary outcomes, with the largest overall effect
on satisfaction, which did not meet the usual criterion for a ‘medium’ effect [36]. However, the
current results rest on the evidence accumulated from RCTs. There are potential problems
associated with this study design in the assessment of complex interventions and conditions
[111], although other designs which may be better able to reflect routine delivery of case man-
agement (such as controlled before and after designs [80]) have their own problems with inter-
nal validity.

Evidence from the subgroup analyses do perhaps point to more effective ways of delivering
the intervention, namely: delivery by a MDT as opposed to a single case manager, and the
inclusion of a social worker. These findings agree with the wider literature which advocates the
use of a multidisciplinary team to successfully manage patients with chronic disease [42], and
advocates better integration of health and social care [45]. Case management may be more
effective in a system where the strength of primary health care orientation is low. However,
these subgroup results should be interpreted with caution, as they are exploratory univariate
analyses, which should be investigated further while controlling for potential confounding fac-
tors before firm conclusions are drawn. Furthermore, the significance of these effects did not
withstand adjustment for multiple comparisons.

Further understanding of factors driving the effectiveness of case management may benefit
from on-going evaluation of implementation at the local level. It is important that components
of implementation are reported consistently and in detail, so that these can be included in
future systematic reviews and effectiveness of individual elements of the intervention can be
examined.

Conclusions
Current evidence suggests case management of ‘at-risk’ patients in primary care is not effective
beyond small improvements in patient satisfaction. Case management should not be regarded
as a proven technology in the delivery of integrated care, there remains a need for further
enhancement and evaluation of its effectiveness, particularly with study designs which better
incorporate context, and in lower income settings. More research is needed into more effective
methods of delivery (e.g. by an MDT and including a social worker), and implementation (e.g.
in a health system with poor primary care orientation), which may additionally improve effec-
tiveness. Even with these improvements, however, case management may never be as effective
as it needs to be to deliver major savings through a focus on high risk groups [122]. This high-
lights the need for a variety of models to deal with system pressures, including integrated care
at different levels of the health care system, and with more of focus on the wider population of
patients [123].
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5.2 Chapter Conclusions 
 

In this chapter, I have shown the limited direct effectiveness of the case 

management model on the high-risk patients treated across all health-system goals, 

although patient satisfaction does appear to be consistently improved to a small extent. 

In addition, subgroup analysis led to the hypothesis that under certain forms of case 

management  (e.g. MDT rather than led by a single healthcare professional, when a 

social worker is involved, or when the intervention takes place in a health system rated 

as having weak primary care) the effects of the intervention might be slightly improved. 

Next, I examine the effectiveness of a single MDT case management intervention in the 

NHS setting.
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6. Integrated care in Central Manchester (MDT Case 
management) 
 

6.1 Chapter Introduction 
 

This empirical piece builds on the last, addressing gaps identified in the case 

management literature, e.g. a lack of attention to potential spill-over effects of MDT 

working, a lack of quasi-experimental studies (here I use a difference-in-differences 

approach), and those set in contexts outside of the USA. In addition, it evaluates a locally 

implemented case management model exhibiting what were hypothesised as good 

practice elements of case management (e.g. delivery by an MDT with involvement of a 

social worker). The article was published in BMJ Open in April 2016. 

 
Any supplementary material referred to in the text is available in Appendix 3. 
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ABSTRACT
Objectives: To evaluate a multidisciplinary team
(MDT) case management intervention, at the individual
(direct effects of intervention) and practice levels
(potential spillover effects).
Design: Difference-in-differences design with multiple
intervention start dates, analysing hospital admissions
data. In secondary analyses, we stratified individual-
level results by risk score.
Setting: Single clinical commissioning group (CCG) in
the UK’s National Health Service (NHS).
Participants: At the individual level, we matched
2049 intervention patients using propensity scoring
one-to-one with control patients. At the practice level,
30 practices were compared using a natural experiment
through staged implementation.
Intervention: Practice Integrated Care Teams (PICTs),
using MDT case management of high-risk patients
together with a summary record of care versus usual
care.
Direct and indirect outcome measures: Primary
measures of intervention effects were accident and
emergency (A&E) visits; inpatient non-elective stays,
30-day re-admissions; inpatient elective stays;
outpatient visits; and admissions for ambulatory care
sensitive conditions. Secondary measures included
inpatient length of stay; total cost of secondary care
services; and patient satisfaction (at the practice level
only).
Results: At the individual level, we found slight,
clinically trivial increases in inpatient non-elective
admissions (+0.01 admissions per patient per month;
95% CI 0.00 to 0.01. Effect size (ES): 0.02) and
30-day re-admissions (+0.00; 0.00 to 0.01. ES: 0.03).
We found no indication that highest risk patients
benefitted more from the intervention. At the practice
level, we found a small decrease in inpatient non-
elective admissions (−0.63 admissions per 1000
patients per month; −1.17 to −0.09. ES: −0.24).
However, this result did not withstand a robustness
check; the estimate may have absorbed some
differences in underlying practice trends.
Conclusions: The intervention does not meet its
primary aim, and the clinical significance and cost-
effectiveness of these small practice-level effects is
debatable. There is an ongoing need to develop
effective ways to reduce unnecessary attendances in
secondary care for the high-risk population.

INTRODUCTION
An ageing population with increasing
number of long-term conditions (LTCs) and
complex multimorbidity1 2 has caused policy-
makers to rethink delivery of care.3

There is increasing focus on the benefits of
‘integrated care’, to enable a more efficient
and effective response to LTCs.3 4 There is no
consensus definition of what constitutes ‘inte-
grated care’,5 and the concept describes many
different changes to the health system that
can occur at multiple levels.6 7 8 Practical
implementation examples of integrated care
include pooling of funds, joint commission-
ing, colocation of services, shared clinical
records, and at the interface of the health
system with the patient (ie, service delivery
level) multidisciplinary team (MDT) working
and case management.7 8

In the UK’s National Health Service
(NHS), a common model of integrated care
is the use of ‘multi-disciplinary team (MDT)
case management of high-risk patients’.9 10

Strengths and limitations of this study

▪ This study addresses a number of shortcomings
found in related literature from a recent system-
atic review.

▪ The difference-in-differences methods can
provide a rigorous assessment under certain
conditions while evaluating an intervention in a
real-world setting.

▪ Results are analysed and presented at two levels
to show direct effects of the intervention, as well
as wider spillover effects of integrated care.

▪ At the practice level, there may be some selec-
tion bias due to voluntary recruitment, although
we predict this to be minimal based on our
robustness checks.

▪ At the individual level, results may be prone to
some bias in favour of control participants due
to the ongoing recruitment strategy versus a
single time point propensity matching. Again, we
predict this to be minimal, as participants and
controls were well matched at the first start date.
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We undertook a systematic review of this model of
integrated care and found few effects across a number
of relevant outcomes, barring a small effect on patient
satisfaction, and short-term changes in self-reported
health status.6

We also identified gaps in the current literature. In
the review, 78% of included studies were randomised
controlled trials (RCTs).6 We suggested a complemen-
tary role for rigorous quasi-experiments in routine set-
tings to better balance internal and external validity.11 12

The majority of studies also measured only direct
(individual-level) effects. MDT case management used
to manage a subset of patients could lead to broader
changes, such as better ‘professional integration’
through team working.13 14 These broader changes
could lead to effects on the wider patient population,
beyond those patients specifically managed by the MDT
(what we call ‘spillover effects’).
Our contribution to the evidence base for MDT case

management thus involved an evaluation of a local inte-
grated care intervention using a robust quasi-experimental
study design. We model effects using two distinct analyses:
(1) individual-level analysis (to capture direct effects of the
intervention) and (2) practice-level analysis (to capture
any potential spillover effects).

The intervention
In Central Manchester, the MDT case management is
achieved through Practice Integrated Care Teams
(PICTs) introduced by the clinical commissioning group
(CCG). PICTs conduct case finding, assess the needs of
the individual identified, prepare individualised care
plans, co-ordinate care and conduct regular review, mon-
itoring and adaptation of the care plan.15 The aim of
the intervention was to reduce unnecessary attendances
in secondary care for the high-risk population.16

Table 1 gives an overview of the key aspects of the inter-
vention. Compared with our previous systematic review of
similar interventions, it is fairly common, where we iden-
tified the majority (58%) employing MDT case manage-
ment (as opposed to a single case manager), and a
predictive risk model as the primary method of identify-
ing suitable patients.6 Less commonly, this intervention
took place in a system ranked as delivering ‘high’ strength
of primary care (ie, strength of primary healthcare orien-
tation of the health system as classified by Starfield and
Shi17—the majority in the review came from a ‘low’-
strength system, eg, USA: 64%). Additionally, the PICT
intervention included involvement of a social worker
(33% of studies involved a social worker in our previous
review), providing further potential for ‘horizontal inte-
gration’ (ie, integration between separate organisations
at the same level of the health system).3

METHODS
Our study used a quasi-experimental pre–post design
with a suitable control group to examine any change in
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outcomes induced by a policy change intervention—an
adapted version of difference-in-differences (DD)
analysis.18

We prepared and analysed data at two distinct levels,
each described separately below. Owing to a data govern-
ance issue at the CCG, intervention patients could not
be identified at the individual level until nearly all prac-
tices implemented the intervention (patients were not
consented prior to this date, so those joining before
could not be included in the analysis—they were also
excluded from our control group, so no contamination
occurred). Figure 1 summarises the period of analysis
for the individual and practice levels, showing the ana-
lysis and ‘pretrend’ period (ie, period prior to any prac-
tice/individual joining the intervention group) for each.
With the PICT intervention having no single start

date, we adapted our analysis to allow for this staged
introduction (using a time fixed effect instead of the
usual binary post dummy—see equations in practice
level and individual level sections in the online
supplementary material appendices).18 19 The main dif-
ference from the standard DD approach is that the inter-
vention and control groups are not static over time,
allowing intervention patients/practices to join gradually
over the monthly panel datasets, and comparing appro-
priately at each time point. This method has been used
previously in the literature,19 20 and we have adapted it
to suit data at both of our levels of analyses (explained
below, and in more detail in the online supplementary
material appendices).
We analysed anonymised data held by the CCG, from

the ‘admitted patient care commissioning dataset’,

submitted by all providers in England via the Secondary
Uses Service (SUS). The dataset included all patient
contacts with secondary care services, demographic data,
as well as costs calculated through the national payment
by results (PbR, together with local prices for local provi-
ders where applicable). For the analysis of pseudony-
mised/anonymised data, no formal ethics process was
deemed necessary. The CCG had themselves previously
consented the intervention individuals for use of their
data for evaluation purposes. For patient satisfaction at
the practice level, we used data from the GP Patient
Survey (GPPS—see online supplementary material
appendices).

Data preparation and analysis
All data preparation and analysis was carried out using
STATA (V.13) (StataCorp. Stata Statistical Software: Release
13. College Station, TX: StataCorp LP., 2013). The DD
analysis estimate is unbiased only under the key assump-
tion that the average difference between intervention
and control units’ trends would be the same in the
absence of ‘treatment’ (ie, the PICT intervention).18

This ‘parallel trends’ assumption is key to DD analysis
and was tested graphically and statistically for each
outcome assessed, at each analysis level (see online
supplementary material appendices for graphs).
We analysed data distinctly at two levels:
1. Individual level: primary analysis
At the individual level, to obtain parallel pretrends, it

was necessary to propensity match intervention patients
to controls from within the same CCG (we matched on
the characteristics for which the patients were recruited

Figure 1 Timeline of analyses
highlighting key dates of practices
and individual patients included in
analysis joining the intervention.
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in practice to maximise comparability—see online
supplementary material appendices for details). We then
analysed 2049 intervention patients versus 2049 matched
controls using the best-fitting count model for each
outcome.21 Outcome measures were summed to a count
per patient per month over the period September 2010–
March 2015 inclusive, to allow a 3-year pretrend period.
In all models, we adjusted for relevant individual cov-

ariates from the directed acyclic graph (DAG—see
online supplementary material appendices),22 as well as
practice fixed effects (to control for any effects caused
by characteristics of a specific practice rather than the
intervention itself).23 We cluster our SEs by practice to
deal with concerns of serial correlation.24 We took the
average partial effect of results (for β2—see online
supplementary material appendices for equation) and
report these below (ie, the covariates adjusted absolute
change in counts per patient per month). We addition-
ally report the effect size (ES; standardised mean differ-
ence) as a measure of practical significance of each
result.25 We adopted Cohen’s rule of thumb for inter-
preting ESs, that is, 0.2 indicates a small effect, 0.5 a
medium and 0.8 a large effect.26

Stratification by risk score
Patients were recruited to the intervention via risk tool
score and clinical judgement. To test whether the
highest risk patients (according to risk tool score) bene-
fitted more from the PICT intervention than those with
lower calculated risks also treated, we generated a ‘high-
risk’ dummy. We reran the individual-level analysis with
a difference-in-difference-in-differences (DDD) analysis,
using an additional interaction term to determine sub-
group effects (see online supplementary material appen-
dices for equation).
2. Practice level: secondary analysis of spillover effects
At the practice level, practices gradually took up the

intervention over a period of 18 months. At each time
point (updating monthly in our dataset), the time fixed
effects compare all intervention practices with all ‘con-
trols’ (ie, all those practices that have not yet adopted
the intervention, even though they will later adopt the
intervention).19 20 Outcomes were summed to a count
per 1000 patients per month for each of the practices
and analysed over the period September 2010–March
2015 inclusive, to overlap with the individual-level
analysis.
We used a linear regression model, adjusting for fixed

effects for each practice and time period (monthly—see
online supplementary material appendices for equa-
tion). We cluster our SEs by practice to deal with con-
cerns of serial correlation.24

Outcome measures
Primary outcome measures for both analyses included:
▸ Inpatient non-elective admissions
▸ Re-admissions (30 days)
▸ Inpatient elective admissions

▸ Accident and emergency (A&E) visits
▸ Outpatient visits
▸ Admissions for ambulatory care sensitive conditions

(ACSCs, which we used as a measure of patient safety
in a health system with universal health coverage—
see online supplementary material appendices for
details)

Secondary outcome measures included:
▸ Total cost of secondary care services (£)
▸ Length of stay (inpatient)
▸ Patient satisfaction (practice level only: measured

through the GPPS—see online supplementary
material appendices)
– General satisfaction
– LTC-specific satisfaction

Robustness check
At both levels of analysis, we additionally added a robust-
ness check including a practice-specific time trend. This
allows intervention and control practices to follow differ-
ent trends and can help reveal any indication of the
observed effect having absorbed any differences in
underlying practice time trends.18

At the practice level only, due to the voluntary roll-out
of the intervention, we attempted to assess the effects of
selection bias using a logistic regression model (includ-
ing % males; % over 65; practice list size; number of
general practitioners (GPs) per thousand patients; total
Index of Multiple Deprivation (IMD) score 2010; and
total % Quality and Outcomes Framework (QOF)
achievement score).27 We additionally reran the practice-
level analysis excluding those practices recruited to the
intervention in wave 1, assuming these to be the prac-
tices at most risk of selection bias if it did indeed
occur.19

RESULTS
Individual-level analysis
Sample characteristics
A total of 2049 intervention patients were propensity
score matched to non-intervention patients from the
same CCG. As expected, the differences were small
between matched patient baseline characteristics (see
table 2).
Table 3 shows the crude absolute differences in mean

outcome measures (PICT patients vs matched controls).
As for the DD results in the section below, a negative
estimate indicates a relative decrease in admissions for
PICT patients compared with controls (ie, a negative
intervention effect favours the intervention).

DD parallel pretrends
We identified evidence of a significant difference
between pretrends for outpatient visits at the individual
level. This variable was potentially biased towards a
result favouring the PICT intervention over controls.
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However, we found no statistically significant result
favouring either group. All other variables satisfied the
parallel trends assumption, with no indication of bias.

DD results
Table 4 shows the DD analysis results at the individual
level. After adjustment for age, cumulative multimorbid-
ity, IMD domains (excluding health) and practice and
time fixed effects, we found a slight increase in inpatient
non-elective admissions (0.0053 per patient per month;
95% CI 0.0004 to 0.0102) and 30-day inpatient

readmissions (0.0041; 0.0018 to 0.0064). The ESs (0.02
and 0.03) were small.26

Robustness check
All of the estimates withstood the addition of a practice-
specific time trend.

Stratification by risk score
We observed no relationship between risk score and
time of recruitment into the intervention. Observing the
plots of risk score versus total postintervention

Table 2 Individual baseline characteristics (before and after matching)

Before matching After matching
Mean (unless otherwise indicated) PICT (SD) Controls (SD) SMD PICT (SD) Controls (SD) SMD

N 2049 93 532 2049 2049
Male (%) 44.3 47.4 44.3 44.1
Age 67.2 (17.8) 35.3 (22.2) −1.44 67.2 (17.8) 65.8 (18.7) −0.07
IMD 2010 40.2 (14.8) 40.6 (16.0) 0.03 40.2 (14.8) 40.2 (15.8) 0.00
MM count baseline 2.7 (2.1) 0.7 (1.2) −1.63 2.7 (2.1) 2.4 (2.2) −0.12
Previous inpatient admissions 1.3 (2.1) 0.3 (1.1) −0.88 1.3 (2.1) 1.2 (2.2) −0.05
Previous outpatient visits 7.0 (9.6) 1.9 (4.3) −1.14 7.0 (9.6) 7.2 (9.8) 0.02
Previous A&E visits 1.4 (2.4) 0.5 (1.2) −0.73 1.4 (2.4) 1.4 (2.5) 0.00
Previous admissions calculated for period 31 August 2012–1 September 2013 (12 months prior to the first intervention patient start date).
A&E, accident and emergency; IMD, Index of Multiple Deprivation; PICT, Practice Integrated Care Team; SMD, standardised mean difference.

Table 3 Average absolute outcomes per patient per month by PICT, preintervention/postintervention

Outcome

Mean (per
patient per month)

Difference
Unadjusted intervention effect
(difference per patient per month)Pre Post

Primary outcomes
Inpatient non-electives

Controls 0.0362 0.0422 0.006
PICT 0.0550 0.0704 0.0154 0.0094

Inpatient electives
Controls 0.0365 0.0369 0.0004
PICT 0.0438 0.0451 0.0013 0.0009

Outpatient admissions
Controls 0.5019 0.5611 0.0592
PICT 0.5701 0.7188 0.1487 0.0895

A&E visits
Controls 0.0808 0.0805 −0.0003
PICT 0.1061 0.1217 0.0156 0.0159

ACSCs
Controls 0.0059 0.0078 0.0019
PICT 0.0093 0.0124 0.0031 0.0012

Re-admissions (30 days)
Controls 0.0069 0.0082 0.0013
PICT 0.0115 0.0191 0.0076 0.0063

Secondary outcomes
Total cost of secondary care services (£)

Controls 168.8746 195.1289 26.2543
PICT 215.0091 276.9591 61.9500 35.6957

Length of stay (days)
Controls 0.3943 0.4888 0.0945
PICT 0.5624 0.7903 0.2279 0.1334

A&E, accident and emergency; ACSCs, ambulatory care sensitive conditions; PICT, Practice Integrated Care Team.
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admissions, however, we see that there does appear to be
a relationship between a higher risk score and increased
non-elective admissions, A&E visits, total cost of second-
ary care services, admissions for ACSCs, inpatient length
of stay and inpatient 30-day readmissions (see online
supplementary material appendices). This implies that
the risk score is a good predictor of these future admis-
sion types, as expected.
Results of the DDD analysis, however, indicate that

those patients with a higher risk score did not benefit
more from the intervention, and instead showed statistic-
ally significant increased inpatient non-elective admis-
sions (0.0208 per patient per month; 95% CI 0.0083 to
0.0333. ES: 0.09), A&E visits (0.0363; 0.0128 to 0.0598.
ES: 0.09) and inpatient length of stay (0.3071; 0.0592 to
0.5549. ES: 0.06—see online supplementary material
appendices for full list of DDD estimates) compared
with others. Again, the ESs indicate these increases were
slight.

Practice-level analysis
Sample characteristics
Table 5 shows the practice characteristics of the interven-
tion and control practices included in the analysis

(comparing the practices which joined the intervention
in wave 1 with those that joined the intervention at a
later date). On average, the practices are very similar,
with wave 1 practices with a slightly higher proportion of
older patients, and a slightly more even male/female
split.
Table 6 shows the crude absolute differences in mean

outcome measures (per 1000 patients per month)
observed between the wave 1 PICT practices and those
practices joining at a later date (shown as ‘controls’ for
illustration purposes), preintervention and postinterven-
tion. As for the DD results in the section below, a nega-
tive estimate indicates a relative decrease in admissions
for PICT practices compared with controls. For satisfac-
tion outcomes, a positive estimate indicates increased
satisfaction for the intervention practices compared to
usual care.

DD parallel pretrends
We identified no significant differences between pre-
trends for any outcome at the practice level. These data
satisfy the parallel trends assumption, with no indication
of bias.

Table 4 Individual-level adjusted model results

Outcome

Adjusted* intervention effect (95% CI)
(difference per patient per month)

Effect size†Count (NBREG) model

Primary outcomes
Inpatient non-electives 0.0053 (0.0004 to 0.0102)‡ 0.02
Inpatient electives −0.0011 (−0.0092 to 0.0070) −0.00
Outpatient visits 0.0399 (−0.0068 to 0.0866) 0.03
A&E visits 0.0103 (−0.0001 to 0.0207) 0.03
ACSCs 0.0001 (−0.0017 to 0.0020) 0.00
Re-admissions (30 days) 0.0041 (0.0018 to 0.0064)‡ 0.03

Secondary outcomes
Total cost of secondary care services (£)§ 8.1687 (−16.0021 to 32.3396) 0.01
Length of stay (days) 0.0528 (−0.1094 to 0.2151) 0.01

N=224 898 observations; 4098 individuals (period September 2010–March 2015).
bold: withstands practice×time robustness check.
*Adjusted for age, cumulative multimorbidity, IMD domains (excluding health), and practice and time fixed effects. Marginal effects on
PICT×Post reported.
†Standardised mean difference.
‡Significant at p<0.05.
§Zero-inflated negative binomial model based on admission events. A&E, accident and emergency; ACSCs, ambulatory care sensitive
conditions; IMD, Index of Multiple Deprivation; NBREG, negative binomial regression.

Table 5 Practice characteristics (wave 1 compared to later joining practices)

Mean (unless otherwise indicated) PICT—wave 1 (SD) Controls—later joining (SD) SMD

N 12 18
Male (proportion of practice) 0.52 (0.04) 0.54 (0.05) 0.04
Over 65 years (proportion of practice) 0.09 (0.03) 0.07 (0.04) −0.15
IMD 2010 38.5 (10.7) 37.4 (7.7) −0.12
Practice list size 6022.9 (2656.2) 6879.1 (3503.9) 0.27
GPs per thousand 0.6 (0.1) 0.8 (0.5) 0.29
GPs, general practitioners; IMD, Index of Multiple Deprivation; PICT, Practice Integrated Care Team; SMD, standardised mean difference.
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DD results
Table 7 shows the DD analysis results at the practice
level. After adjustment for practice and time fixed
effects, the difference for inpatient non-elective admis-
sions was significant, with an estimated −0.63 admissions
per 1000 patients per month (95% CI −1.17 to −0.09)
for PICT practices compared with control practices.
The practical significance, as evidenced by the ES of

−0.24, suggests a small effect of PICT on inpatient
non-elective admissions at the practice level.

Robustness check
Following our robustness check, including a practice-
specific time trend, the estimate for inpatient
non-electives was no longer significant: −0.52 (−1.05 to
0.01. ES: −0.20). This may suggest that the intervention
effect has absorbed some differences between treated
practices due to an underlying practice-specific time
trend (which can happen when policies are implemen-
ted at different points in time in different units, ie, the
practice time trend which was occurring already can
drive the results, so once we control for this, the esti-
mated effect is driven towards zero).18 The ES, however,
remained similar to the result reported above.
We were unable to predict wave 1 entry from the

characteristics we included in our logistic regression
model. Thus, we conclude that selection bias into early
adoption, based on these characteristics at least, was
minimal. However, this does not preclude the presence
of selection bias based on unmeasured characteristics.
When we removed wave 1 practices (assuming these to

be at most risk of selection bias, if it did indeed occur),
statistical power was reduced (as expected), and the SEs
of our estimates were inflated. Subsequently, we found
no significant results following this robustness check.
The estimate for inpatient non-elective admissions never-
theless remained negative (ie, in favour of the interven-
tion—see online supplementary material appendices for
full list of estimates following this robustness check).

DISCUSSION
For direct effects of the intervention, this study finds
some statistically significant differences between groups,
although effects are very small. The results of our DDD
analysis show that even the highest risk patients (as
defined by the risk prediction tool) treated did not
benefit from the intervention, and in fact admissions for
a number of outcomes (inpatient non-electives, A&E
visits and inpatient length of stay) increased slightly for
these patients.
Additional analysis at the practice level finds indica-

tions of potentially small positive spillover effects of inte-
grated working at a higher system level. In particular, we
identified a possible reduction in inpatient non-elective
admissions (which, however, did not hold up to our
robustness check). However, even if these effects are
caused by the intervention, which this study cannot

prove beyond doubt, the absolute difference observed in
the analysis is small.26 For an average practice of
approximately 6000 patients, this would equate to an
estimated difference (not an absolute reduction) of
−45.6 (95% CI −84.0 to −6.6) inpatient non-elective
admissions in a year compared to usual care. If we esti-
mate the average cost of an inpatient non-elective admis-
sion to be £1489,28 this would potentially translate to a
£67 898 (95% CI £125 076 to £9827) difference com-
pared to usual care, before accounting for intervention
costs. While we did not have data on the precise inter-
vention costs of PICT, the national Directed Enhanced
Service (DES), which incentivises similar case manage-
ment interventions, paid an average-sized practice £5175
for implementing the intervention in 2013/2014.29 This
extra incentive cost of course does not account for
actual additional costs of running the intervention, for
example, physician time, overheads and opportunity cost
of a fairly time-intensive intervention, which would also
need to be considered. Additionally, our analysis found
no significant effect on total secondary care costs rea-
lised during the study period, with a presumable
increase in primary care costs to run the intervention
(although we did not have data available on primary
care costs, so cannot say for certain). Therefore, beyond
the cautions we have identified for this potential spill-
over benefit (ie, absence of a primary effect, and not
holding up to robustness checks), cost-effectiveness of
the intervention remains questionable.

Comparison of direct and spillover effects
The apparently contradictory findings at the two levels
analysed merit specific discussion. First, it is worth high-
lighting the small proportion of patients managed by
the PICT teams directly (a stipulated 2% of each prac-
tice’s highest risk adult patients). The final pool of inter-
vention patients we analysed (n=2049), therefore, only
constitutes 1.04% of the patient population in the 30
practices. The likelihood of the direct effects of the
intervention being a driver for practice-level results in
terms of numbers treated is therefore negligible.
Second, the patients that were targeted directly by the

intervention are by definition the highest risk, and
potentially beyond the means of a medical intervention
causing significant impact at all. This may be particularly
true in the short term, for exacerbation of what are (fre-
quently many) LTCs.30 Our DDD analysis adds evidence
to this effect. Perhaps then, the lower risk patients in the
practice would be more likely to benefit from multidis-
ciplinary working.
Additionally, some qualitative work commissioned by

the CCG separately reveals that some features of the
intervention at the patient level did not occur exactly as
planned. For instance, there have been problems with
the implementation of the shared summary record
through Graphnet, meaning the MDT case management
may not have been delivered exactly as planned in every
detail (beyond the practice changes introduced by the
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MDTs in general, and of course the case management
those high-risk patients received).31 So, if the main
driver of results was the MDT working, we may plausibly
expect these effects to differ by risk group (ie, the
general practice being on average at lower risk).
Finally, direct and spillover effects may plausibly act

through distinct mechanisms. There are some indica-
tions of wider system effects of integrated care in the lit-
erature. For example, good team ‘climate’ (ie,
professional integration)14 has been linked to superior
clinical care for a number of LTCs,32 although evidence
of causation is currently lacking.33 This is one potential
mechanism that the MDT spillover effects could act
through. Spillover effects, therefore, may not be depend-
ent on the numbers captured by MDTs directly, because
they go via the GP and wider care team. If practices ‘do’
MDT for a few patients, it may influence their care for
everyone.

Strengths and weaknesses of the study
Our method of analysis, DD, is a robust method under
certain conditions that we tested.11 We only saw potential
bias indicated by non-parallel preintervention trends for
a single outcome measure at the individual level (out-
patient visits), and we employ robustness checks beyond
the primary analysis models. The method allows testing
of a complex intervention in routine practice, with
potential for greater external validity and generalisability
of the findings.12

Our results at both levels are plausible. At the individual
level, we observed very little differences between the
groups, as we would expect from previous literature around
this intervention type.6 At the practice level, the effect
we observed was on an outcome (inpatient non-elective
admissions) the intervention aimed to affect.16

However, our study does suffer from a number of
weaknesses. Unfortunately, due to the implementation

Table 6 Average absolute outcomes per 1000 patients per month by PICT (wave 1 compared to practices joining the
intervention at a later date), preintervention/postintervention

Outcome

Unadjusted means
(per 1000 patients per month)—wave 1 PICT
compared to later joining Unadjusted intervention effect

(difference per 1000 patients per month)Pre (before 2012m11) Post (after 2012m11) Difference

Primary outcomes
Inpatient non-electives

Controls 6.40 6.61 0.21
PICT 8.36 8.07 −0.29 −0.50

Inpatient electives
Controls 6.19 6.66 0.47
PICT 8.58 8.51 −0.07 −0.54

Outpatient admissions
Controls 87.64 97.33 9.69
PICT 116.86 127.11 10.25 0.56

A&E visits
Controls 25.91 28.64 2.73
PICT 31.42 34.11 2.69 −0.04

ACSCs
Controls 0.59 0.66 0.07
PICT 0.85 0.85 0 −0.07

Re-admissions (30 days)
Controls 0.87 0.84 −0.03
PICT 1.22 1.13 −0.09 −0.06

Secondary outcomes
Total cost of secondary care services (£)

Controls 29157.28 30530.70 1373.42
PICT 38923.43 39167.17 243.74 −1129.68

Length of stay (days)
Controls 60.32 50.97 −9.35
PICT 77.24 66.21 −11.03 −1.68

Patient satisfaction (general)
Controls 0.35 0.38 0.03
PICT 0.38 0.37 −0.01 −0.04

Patient satisfaction (LTC specific)
Controls 0.13 0.14 0.01
PICT 0.14 0.16 0.02 0.01

A&E, accident and emergency; ACSCs, ambulatory care sensitive conditions; LTC, long-term condition; PICT, Practice Integrated Care Team.
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of the intervention, we were not able to access
individual-level data until before the point where nearly
all practices implemented the intervention. This is due
to an initial problem at the CCG of consenting data use
for those individual patients initially included early in
the intervention. This limits our ability to ascertain
whether the initially recruited patients at each practice
were significantly different, or benefited more or less
than those recruited later to the intervention. It also
prevents direct comparison of the results we saw at the
practice level with those at the individual level over
exactly the same period of time and limits our ability to
look at any longer term effects of the intervention at the
individual level. Furthermore, if spillover effects did
indeed affect other patients in the practice, then the
individual-level effects may be driven towards the null.
This is similarly true for the DDD analysis conducted.
However, these spillover effects were not strongly indi-
cated at the practice level.
With the intervention so widespread (particularly

important for an intervention incentivised nationally),
we were extremely careful to choose our comparators (a
crucially important step in DD analysis). We chose prac-
tices (within the same CCG) for which we knew for def-
inite their intervention status at any time point for the
practice-level analysis. Nonetheless, practices volunteered
for the intervention, which can potentially introduce
some selection bias at the practice level. However, we
estimate this possible selection effect to be minimal
based on observable practice characteristics. A common
limitation of non-experimental studies, however, is we
cannot discount differences based on unobservables.
Adding practice fixed effects controls for any differences
between practices that persist over time, as well as any
hospital-level changes during the period that affect all
practices.

At the individual level, we matched patients using pro-
pensity scores within the CCG achieving the necessary
parallel pretrends. However, the intervention patients
are selected for their immediate risk, while the control
patients were selected based on their matched risk at an
earlier date, which may have subsequently subsided (and
hence be the reason they were indeed not recruited to
the intervention). With ‘risk’, and so recruitment,
defined on time-variant indicators, and so transient over
time, there is potential for some bias in favour of the
control group for the individual-level results in this ana-
lysis. However, with patients well matched at the initial
start date, we expect to have minimised this bias.
An important weakness, constrained by the data avail-

able to us, is we were not able to analyse outcomes
beyond secondary care utilisation and total cost of sec-
ondary care. While these utilisation outcomes reflect
well the explicit aims of the intervention, they do not
allow for a broad representation of the intervention in
terms of other important potential outcomes—for
example, patient health, quality of life and satisfaction
with care. These additional measures could be consid-
ered when making commissioning decisions, although
they were not the primary stated aim.

Results in relation to other studies
Our recent systematic review and meta-analysis looking
at similar interventions likewise showed little effect
across relevant health system outcomes for those
involved in the intervention directly (ie, non-significant
estimated pooled ES of 0.04 for secondary care use in
the short term, and −0.02 in the long term).6 However,
the review did show a clear benefit in terms of patient
satisfaction for these patients (statistically significant esti-
mated pooled ES of 0.26 in the short term, and 0.35 in
the long term). We were unable to replicate this finding

Table 7 Practice-level adjusted model results

Outcome

Adjusted* intervention effect (95% CI)
(difference per 1000 patients per month)

Effect size†Linear regression model

Primary outcomes
Inpatient non-electives −0.63 (−1.17 to −0.09)‡ −0.24
Inpatient electives 0.19 (−0.47 to 0.86) 0.07
Outpatient visits −2.80 (−9.84 to 4.24) −0.08
A&E visits −1.32 (−3.52 to 0.89) −0.13
ACSCs −0.04 (−0.15 to 0.06) −0.08
Readmissions (30 days) −0.10 (−0.25 to 0.05) −0.16

Secondary outcomes
Total cost of secondary care services (£) −505.73 (−2763.35 to 1751.89) −0.04
Length of stay (days) −0.24 (−7.56 to 7.08) −0.01
Patient satisfaction (general) −0.03 (−0.09 to 0.02) −0.24
Patient satisfaction (LTC specific) 0.01 (−0.04 to 0.05) 0.14

N=1650 observations; 30 practices (period November 2010–March 2015).
*Adjusted for practice and time fixed effects with robust SEs.
†Standardised mean difference.
‡Significant at p<0.05.
A&E, accident and emergency; ACSCs, ambulatory care sensitive conditions; LTC, long-term condition.
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in this study, perhaps due to the data available to us that
only allowed us to look at this domain at the practice
level, which is likely to be less sensitive. We hypothesised
from the results of our review’s subgroup analyses that
case management by an MDT and involving a social
worker may be more effective than other examples also
included in the review (eg, single nurse case manager).
Results of this subsequent study do not support this pre-
vious hypothesis. However, we also suggested that ‘low-
strength’ primary care systems17 may benefit more from
the intervention (where case management may substi-
tute for a strong primary care system). This may explain
this deviation from the results of our review, which drew
on evidence predominantly from a ‘low-strength’
primary care country (USA).
Looking at spillover effects from MDT case manage-

ment was a strength of this paper.14 Only a few other
studies have looked at spillover effects, most notably,
evaluation of the Evercare intervention.34 However,
Evercare used only a single case manager, where we
might not expect to find large effects, and the study
identified no spillover.34 Analysis of MDT case manage-
ment in the English ‘Integrated Care Pilots’ (ICP) like-
wise looked at direct and spillover effects. Roland et al
identified an increase in emergency admissions and a
decrease in elective admissions and outpatient atten-
dances at the individual level. At the practice level, they
identified a slight reduction in outpatient attendances.
It is, however, difficult to compare these results directly
with this study, with the ICP analysis evaluating six separ-
ate sites in combination, each offering slight alterations
of MDT case management to different populations.
Nevertheless, key differences that stand out include the
presence of a social worker in the case management
team in this intervention (only two smaller sites in the
ICP identified input from a social worker); physical
MDT meetings in this intervention rather than ‘virtual
ward’ rounds (as in the ICP sites); and the GP as clinical
lead in this intervention, rather than the primarily
nurse-led interventions in ICP sites.35

Implications for clinicians and policymakers
This study provides further evidence of the limited
effectiveness of MDT case management aimed at gener-
ally ‘at-risk’ patients as a tool to reduce care utilisation.
MDT case management targeted at high-risk patients
importantly does not achieve its primary aim: reducing
emergency admissions for those high-risk patients dir-
ectly managed. Therefore, there may be better alterna-
tives to this intervention, which may be other forms of
case management targeted at specific conditions, which
have some evidence of beneficial results—for example
targeting mental health.36 Aiming at a very small
number of high-risk patients may never alleviate health
system pressures alone,30 and even the potential spillover
effects of increased professional integration that may
result may not be of sufficient magnitude to achieve the
desired effects.

Going beyond the case management model to a more
population-based approach may therefore be another
avenue to explore, for example, colocation of services, or
integrated electronic health records for all patients
rather than just a high-risk cohort—interventions further
removed from the service delivery level, but which may
be regarded as a key foundation for multidisciplinary pro-
fessional communication and working. We have shown
here that this greater professional integration may have
scope for improving measurable health system outcomes.

Future research
More work is needed to confirm these initial findings of
potentially beneficial spillover effects, particularly quali-
tative work and process evaluation identifying plausible
mechanisms. These did not stand up to our robustness
checks in this analysis; however, the indication was always
in the direction of favouring the intervention practices
with regard to decreasing non-elective admissions at the
practice level. Where it is possible, future studies looking
at models of integrated care should consider spillover
effects.
If commissioning bodies consider evaluation using

similar robust, but cost-effective methods in the future,
they should be planned from the beginning, where
potential bias (discussed above) could be easily avoided.
For example, a randomised stepped-wedge design may
be an appropriate alternative.37

While we improved on previous literature by including
a measure of multimorbidity in our study, we only
included the most basic of these, a simple count of dis-
eases.38 Our future research will explore outcomes strati-
fied by different ‘types’ of multimorbidities, to observe if
the intervention can be better targeted for the patients
it directly affects, providing a more effective and effi-
cient method of exploiting the potential for wider
system effects.

CONCLUSIONS
We show that MDT case management does not fulfil its
primary aim, preventing emergency admissions for the
high-risk patients it targets. This accords with our previ-
ous findings. We show here that the highest risk patients
(as identified by the risk tool) receiving the intervention
in fact slightly increased admissions in many domains
targeted for decrease by the intervention. We do,
however, show some indications of beneficial spillover
effects of MDT working at the practice level worthy of
further exploration. The results highlight the import-
ance of ongoing work on effective ways of avoiding
admissions.36
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6.2 Chapter Conclusions 
 

In this chapter, I have again demonstrated a lack of effectiveness of the case 

management model regarding the high-risk patients directly treated in terms of the 

primary aim of the intervention, i.e. decreasing utilisation of secondary care, and so costs 

of care. However, I have shown that there may be evidence of positive spill-over effects 

of MDT working (although further work is required, as these did not stand up to the 

robustness check). Direct and spill-over effects are hypothesised to act through different 

mechanisms. Next, I examine the effects of the same intervention on subgroups of 

multimorbid patients.
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7. MDT case management and ‘type’ of multimorbidity 
 

7.1 Chapter Introduction 
 

This empirical piece explores subgroup effects of the case management model 

evaluated in the last chapter using difference-in-difference-in-differences. In Chapter 1, I 

introduced the multimorbidity concept as potentially defining those patients most likely 

to benefit from integrated care, but also a concept that can be implemented in a variety 

of forms. Here, I look at the dominant approaches to measuring multimorbidity, as 

identified in a previous systematic review, and examine if modelling multimorbidity in 

different ways alters the results in terms of effectiveness of case management. The 

article is currently under review in BMC Health Services Research. 

 
 
Any supplementary material referred to in the text is available in Appendix 4. 
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Abstract 31 

Background 32 

Health systems must transition from catering primarily to acute conditions, to meet the 33 

increasing burden of chronic disease and multimorbidity. Case management is a popular 34 

method of integrating care, seeking to accomplish this goal. However, the intervention has 35 

shown limited effectiveness. We explore whether the effects of case management vary in 36 

patients with different types of multimorbidity. 37 

Methods 38 

We extended a previously published quasi-experiment (difference-in-differences 39 

analysis) with 2049 propensity matched case management intervention patients, adding an 40 

additional interaction term to determine subgroup effects (difference-in-difference-in-41 

differences) by different conceptualisations of multimorbidity: 1) Mental-physical 42 

comorbidity versus others; 2) 3+ chronic conditions versus <3; 3) Discordant versus 43 

concordant conditions; 4) Cardiovascular/metabolic cluster conditions only versus others; 5) 44 

Mental health-associated cluster conditions only versus others; 6) Musculoskeletal disorder 45 

cluster conditions only versus others 7) Charlson index >5 versus others. Outcome measures 46 

included a variety of secondary care utilisation and cost measures. 47 

Results 48 

The majority of conceptualisations suggested little to no difference in effect between 49 

subgroups. Where results were significant, the vast majority of effect sizes identified in 50 

either direction were very small. The trend across the majority of the results appeared to 51 

show very slight increases of admissions with treatment for the most complex patients 52 

(highest risk). The exceptions to this, patients with a Charlson index >5 may benefit slightly 53 
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more from case management with decreased ACSC admissions (effect size (ES): -0.06) and 54 

inpatient re-admissions (30 days, ES: -0.05), and patients with only cardiovascular/metabolic 55 

cluster conditions may benefit slightly more with decreased inpatient non-elective 56 

admissions (ES: -0.12).  57 

Only the three significant estimates for the musculoskeletal disorder cluster met the 58 

minimum requirement for at least a ‘small’ effect. Two of these estimates in particular were 59 

very large. This cluster represented only 0.5% of the total patients analysed, however, so is 60 

hugely vulnerable to the effects of outliers, and makes us extremely cautious of interpreting 61 

these as ‘real’ effects.  62 

Conclusions 63 

Our results indicate no appropriate multimorbidity subgroup at which to target the case 64 

management intervention in terms of secondary care utilisation/cost outcomes. The most 65 

complex, highest risk patients may legitimately require hospitalisation, and the intensified 66 

management may better identify these unmet needs. End of life patients (e.g. Charlson 67 

index >5)/those with only conditions particularly amenable to primary care management 68 

(e.g. cardiovascular/metabolic cluster conditions) may benefit a very small amount more 69 

than others. 70 

Keywords 71 

Multimorbidity, Case management, Integrated care 72 
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Background 75 

It is widely agreed that health systems must transition from catering primarily to acute 76 

conditions, to meet the increasing burden of chronic disease and multimorbidity. New care 77 

models have been called for to achieve this goal, based in primary care and ‘integrated’ with 78 

wider health and care sectors [1]. In practice, these new interventions and models are based 79 

primarily around the concept of ‘case management’ [2, 3]. Case management involves case 80 

finding (identifying ‘high-risk’ individuals to case manage), individual assessment, care 81 

planning and care co-ordination (with regular review, monitoring and adaptation of the care 82 

plan) [4]. Many use a multidisciplinary team (MDT) to case manage, which may combine 83 

‘professional integration’ with co-ordination activity [5]. 84 

The logic of the case management model rests on the presence of so-called ‘super-85 

utilizers’ [6]. This is a small group of ‘high-risk’ patients (almost exclusively multimorbid [7]) 86 

that utilize a disproportionate amount of healthcare resource. For example, the United 87 

States Government Accountability Office estimate that the most expensive 5% of Medicaid-88 

only enrolees accounted for 48% of Medicaid-only health spending each year from 2009 to 89 

2011 [8]. The assumption of case management is that by targeting additional and 90 

individually tailored primary care at these patients, more costly secondary care admissions 91 

(particularly emergency admissions) can be avoided. Thus, overall healthcare spending costs 92 

can be reduced, patients can be treated in an environment more satisfactory to them, and 93 

in a more holistic and preventative way [9].  94 

However, research suggests that case management does not meet its primary aims for 95 

those directly managed, although patient satisfaction does appear to be increased [10, 11]. 96 
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In practice, MDT case management tends to target those identified as 'high risk' using 98 

some sort of algorithm. These tools generate a heterogeneous group of patients, and it may 99 

be that there are subgroups for which the direct effects of the intervention are more 100 

effective. There are a number of ways of conceptualising multimorbidity, and little evidence 101 

as to the advantages and disadvantages of each [12, 13]  102 

These conceptualisations can broadly be categorised into four distinct groups [13]. 103 

Within each of these groups, we outline the specific measures we focus on in our analysis 104 

with justification for doing so. 105 

1. Simply counting the number of chronic conditions/medications from a pre-106 

specified list. 107 

a. Count of diseases – A simple count of conditions is the most basic 108 

conceptualisation of multimorbidity, and the most ubiquitous 109 

multimorbidity measure in the current literature [14]. 110 

2. Grouping chronic diseases by dyads or triads (i.e. clustering). 111 

a. Disease clusters – As the search for more clinically meaningful 112 

conceptualisations of multimorbidity advances, identification of ‘non-113 

random clustering’ of diseases (i.e. associative multimorbidity) has been a 114 

common theme in the literature. A number of plausible mechanisms can 115 

explain disease clustering, as outlined by Valderas et al [15]. Furthermore, 116 

identifying commonly co-occurring sets of diseases may have important 117 

implications for developing clinical guidelines for patients with multiple 118 

chronic conditions, for which the current single-disease approach can 119 

cause issues [16]. 120 
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3. Using an index of variable complexity. 121 

a. Charlson index – A number of indices of multimorbidity have emerged, to 122 

attempt to better account for the variation in severity of different 123 

diseases. No index is more established and prevalent in the literature 124 

than the Charlson index, which weights (giving a score between 1 and 6) 125 

relevant diseases, and gives a summed score of the weights to the 126 

individual [14]. 127 

4. Identifying homogeneous groups of people with common diseases and 128 

characteristics. 129 

a. Mental-physical comorbidities – These patients are at increased risk for 130 

active and precursors to patient safety incidents in primary care [17]. 131 

Moreover, a common mental health condition, depression, has been 132 

shown to be particularly important in modifying multimorbidity 133 

management and outcomes [18]. 134 

b. Discordant comorbidities – i.e. co-occurring diseases that are not 135 

managed synergistically. Discordant conditions are likely to add to the 136 

complexity of clinical treatment/decision-making [19], potentially putting 137 

this group at increased risk of management failures. This is opposed to 138 

concordant conditions (i.e. co-occurring diseases that are managed 139 

synergistically). 140 

To explore whether the effects of case management vary in patients with different types 141 

of multimorbidity, we extend an existing analysis [20] using these different definitions of 142 

multimorbidity to stratify patients within the sample.  143 
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Methods 144 

Detailed methods for the analysis models  can be found in our previous publication and 145 

the accompanying appendix (see individual-level direct effects model/high-risk subgroup 146 

effects model) [20]. 147 

Briefly, we evaluated effectiveness of a MDT case management intervention (practice 148 

integrated care teams – PICT) in a single Clinical Commissioning Group (CCG) in the UK NHS. 149 

We matched 2049 intervention patients one-to-one with controls from the same CCG using 150 

propensity scores. We analysed anonymised data held by the CCG relating to hospital 151 

admissions and costs. Outcome measures were summed to a count per patient per month 152 

over the period September 2010 to March 2015 inclusive, allowing a three-year pre-153 

intervention trend period (patients joined the intervention gradually from September 2013 154 

to February 2015). Primary outcome measures included A&E visits; inpatient non-elective 155 

stays, 30-day re-admissions; inpatient elective stays; outpatient visits; and admissions for 156 

ambulatory care sensitive conditions. Secondary measures included: inpatient length of 157 

stay; total cost of secondary care services. 158 

Previously, we used difference-in-differences (DD) analysis. This method is a quasi-159 

experiment, where the intervention group is compared to a control group (constructed 160 

retrospectively, and known to be unaffected by the intervention). The method compares 161 

the difference in a measured outcome between intervention and control groups in a pre-162 

intervention period (difference 1), and compares to the difference between the two groups 163 

after an intervention is introduced (difference 2), attributing this second difference to the 164 

intervention effect. We used a time fixed effect instead of the usual binary post dummy to 165 
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account for the gradual intervention joining, comparing appropriately at each time point 166 

[21, 22]. 167 

Here, we use difference-in-difference-in-differences (DDD) analysis, which adds an 168 

additional interaction term to a standard DD approach used in the original study. This allows 169 

us to observe subgroup effects (of the different multimorbidity conceptualisations) of the 170 

intervention, i.e. the effects of the intervention on a subgroup over and above any baseline 171 

DD effect. The models were negative binomial count models (except for total cost of 172 

secondary care which was better represented by a zero-inflated negative binomial model 173 

based on admission events). We adjusted  for age, index of multiple deprivation (IMD) 174 

domains (excluding health), practice- and time-fixed effects. We clustered our standard 175 

errors by practice to deal with concerns of serial correlation [23]. We report the effect size 176 

(standardised mean difference) as a measure of practical significance, calculated from the 177 

average partial effect (reported in the Additional file). All data preparation and analysis was 178 

carried out using STATA (version 13) [24].  179 

From a list of 20 chronic conditions (see Additional file) represented in the NHS quality 180 

and outcomes framework (QOF), we created a number of dummy variables representing 181 

different conceptualisations of multimorbidity:  182 

x Count of diseases - a simple cumulative count of the individual’s conditions. We 183 

created a dummy for 3+ (thought to be a more discriminating definition of 184 

multimorbidity than 2+ conditions, better identifying patients with higher needs 185 

[25]) versus <3 conditions. 186 
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x Disease clusters – We stratified by three common disease clusters identified in 187 

the literature [16]. We created a dummy comparing those that only have one or 188 

more of the diseases in that cluster versus the rest of the patients in the analysis. 189 

o Cardiovascular/metabolic cluster: Diabetes, Hypertension, Chronic Heart 190 

Disease, Obesity 191 

o Mental health-associated cluster: Mental health condition 192 

(Schizophrenia/Bipolar Disorder/Psychoses/Depression), Hypothyroidism, 193 

Dementia, Asthma, Chronic Obstructive Pulmonary Disease (COPD), 194 

Rheumatoid Arthritis, Obesity 195 

o Musculoskeletal disorder cluster: Rheumatoid Arthritis, Osteoporosis, 196 

Obesity 197 

x Charlson index - an established measure, with its own set of relevant chronic 198 

conditions and weightings, we used the STATA command ‘charlson’ to record a 199 

Charlson index for each participant [26]. We created a dummy comparing those 200 

with a Charlson index >5 (suggested in the literature to be those patients at 201 

‘highest risk’ of negative outcomes [27]) to all other patients,. 202 

x Mental-physical comorbidities – There were a number of mental health 203 

conditions in our disease list (depression, schizophrenia, bipolar disorder, 204 

psychoses, and dementia). We created a dummy variable comparing those 205 

patients with both a mental and physical conditions to all other patients. 206 

x Discordant comorbidities - we used a list of determined concordant conditions 207 

that share a vascular aetiology and common chronic management and treatment 208 

goals (coronary heart disease, chronic kidney disease, diabetes, hypertension, 209 

heart failure, stroke/transient ischaemic attack, atrial fibrillation, and peripheral 210 
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vascular disease), and classified the remainder as discordant conditions [28]. We 211 

created a dummy variable comparing patients with discordant conditions to all 212 

other patients. 213 

 With multiple comparisons, the risk of type I errors is inflated [29]. As a sensitivity 214 

analysis, we subsequently correct the results for multiple testing using the Holm-Bonferoni 215 

adjustment for multiple comparisons to identify potential false positive results [30]. We 216 

report those results that remained significant with the adjusted threshold at the end of the 217 

results section. 218 

 219 

Results 220 

Each of the dummy variables selected a different proportion of the total patient group 221 

analysed (n=4098), as complex/‘higher risk’ (see Table 1). The proportion of patients 222 

selected in total varied by measure. The count (3 or more chronic diseases compared to all 223 

others), and discordant comorbidities dummies were least selective, including over half of 224 

the total patient group in each case. The specific disease clusters were, as expected, the 225 

most selective. The musculoskeletal disorder cluster (rheumatoid arthritis, osteoporosis and 226 

obesity), for example, selected only 0.5% of the total patient group in the positive dummy 227 

group. 228 
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Table 1: Number (and proportion) of patients positively identified by each dummy variable 232 

 Number of patients positively identified in that dummy 
measure 

Multimorbidity measure PICT (n=2049) Controls (n=2049) Total (n=4098) 

Mental/physical 
condition 

319 (15.6%) 498 (24.3%) 817 (19.9%) 

3 + conditions 992 (48.4%) 1165 (56.9%) 2157 (52.6%) 

Discordant comorbidities 1030 (50.2%) 1208 (59.0%) 2238 (54.6%) 

Cardiovascular/metabolic 
cluster 

300 (14.6%) 209 (10.2%) 509 (12.4%) 

Mental health-associated 
cluster 

187 (9.1%) 234 (11.4%) 421 (10.3%) 

Musculoskeletal disorder 
cluster 

12 (0.6%) 8 (0.4%) 20 (0.5%) 

Charlson >5 398 (19.4%) 347 (16.9%) 745 (18.2%) 

PICT = Practice integrated care teams (intervention) 233 

Table 2 shows the correlation between each of the dummy variables used to select 234 

patients. The less selective dummy variables (mental/physical conditions; 3 or more 235 

conditions; and discordant comorbidities) were well correlated with each other. The 236 

remaining more selective measures (the three literature clusters; Charlson index) were far 237 

less correlated with any other. 238 
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Table 2: Correlation between multimorbidity dummies used 243 

 Mental/
physical 
conditio
n 

3 + 
conditio
ns 

Discorda
nt 
comorbi
dities 

Cardiova
scular/m
etabolic 
cluster 

Mental 
health-
associat
ed 
cluster 

Musculo
skeletal 
disorder 
cluster 

Charlson 
>5 

Mental/phys
ical 
condition 

1.00       

3 + 
conditions 

0.32 1.00      

Discordant 
comorbiditie
s 

0.45 0.65 1.00     

Cardiovascul
ar/metabolic 
cluster 

-0.19 -0.28 -0.37 1.00    

Mental 
health-
associated 
cluster 

-0.01 -0.30 -0.16 -0.10 1.00   

Musculoskel
etal disorder 
cluster 

-0.03 -0.07 -0.08 0.08 0.16 1.00  

Charlson >5 -0.02 0.01 -0.02 -0.17 -0.16 -0.03 1.00 

 244 

Figure 1 shows a forest plot for each outcome measure, comparing the multimorbidity 245 

subgroups within each. The effect sizes represent the impact of the treatment for the group 246 

identified as highest risk (i.e. those positively identified as multimorbid according to that 247 

conceptualisation) within each dummy. Estimates which lie to the left of the line of no effect 248 

(0) favour the intervention for that multimorbid-defined group (i.e. indicate decreased 249 

utilisation/cost). Estimates that lie to the right of the line show that intervention treatment 250 

led to increased utilisation/cost for that group and outcome measure. Only estimates whose 251 

95% confidence interval does not cross the line of no effect are statistically significant. The 252 
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table in the Additional file gives the full list of regression results (i.e. adjusted intervention 253 

effect as the difference per patient per month) that these effect sizes were calculated from. 254 

 255 

[insert Figure 1] 256 

Figure 1: Forest plot comparing multimorbidity measures by each outcome. Effect size = standardised mean 257 

difference. * = statistically significant result (p<0.05). ACSCs = admissions for ambulatory care sensitive conditions 258 

 259 

The results from Figure 1 indicate that for the majority of outcomes, the different 260 

conceptualisations of multimorbidity have given broadly the same interpretation. For 261 

inpatient electives, and total cost of secondary care outcomes, none of the 262 

conceptualisations held a statistically significant difference. For outpatient visits (discordant 263 

conditions; effect size (ES): 0.08), A&E visits (mental-physical comorbidities; ES: 0.05), and 264 

ACSCs (Charlson index >5; ES: -0.06), there was a single (but different) multimorbidity 265 

concept which differed significantly. However, all of these differences were to a very small 266 

extent (effect size less than the threshold for a ‘small’ effect, 0.2, in all cases [31]).  267 

Most notably, the musculoskeletal disorder cluster deviated significantly from the other 268 

results across a number of outcomes (inpatient non-electives, ES: 3.44; 30-day re-269 

admissions, ES: 2.38; and length of stay, ES: 0.37). In each of these measures, the results 270 

suggested that the intervention increased the utilisation of inpatient services for patients 271 

with these conditions, with large effect sizes (particularly for inpatient non-electives and 30-272 

day re-admissions).  273 
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The significant results for the other multimorbidity measures were far more 274 

conservative, but tended to follow this similar trend, suggesting that the highest risk 275 

patients increased utilisation following treatment. The exception to this was for the 276 

Charlson index, where the effect of case management on those with Charlson >5 led to a 277 

larger decrease than those with Charlson <5 for ambulatory care sensitive conditions (ACSCs 278 

– effect size (ES): -0.06) and 30-day inpatient re-admissions (ES: -0.05). Those patients with 279 

only conditions from the cardiovascular/metabolic cluster also appeared to have slightly 280 

fewer inpatient non-elective admissions following treatment (ES: -0.12). 281 

After Holm-Bonferroni correction was applied to all results, only two of the statistically 282 

significant results held: the findings of significant increases following treatment of inpatient 283 

non-elective admissions and 30-day re-admissions for patients with musculoskeletal 284 

disorder cluster conditions. 285 

 286 
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Discussion 288 

Summary of findings 289 

Do different operationalisations of multimorbidity give different answers in terms of 290 

MDT case management effectiveness, and if so, why? 291 

As outlined above, the majority of conceptualisations gave very similar results in relation 292 

to effectiveness of the intervention, suggesting little to no difference in effect between 293 

subgroups. Where results were significant, the vast majority of effect sizes identified in 294 

either direction were very small. Cohen’s rule of thumb for interpreting effect sizes is that 295 

0.2 indicates a small effect, 0.5 a medium, and 0.8 a large effect [31]. Only the three 296 

significant estimates for the musculoskeletal disorder cluster (rheumatoid arthritis, 297 

osteoporosis and obesity) met the minimum requirement for at least a ‘small’ effect. Two of 298 

these estimates in particular were very large (inpatient non-elective admissions ES: 3.44; 299 

and 30-day re-admissions ES: 2.38). Musculoskeletal disorders are associated with some of 300 

the poorest quality of life, particularly because of the bodily pain and poorer level of 301 

physical functioning associated with them [32]. These conditions are difficult to manage 302 

leading to a large economic and social burden (with a large proportion of the cost burden 303 

due to hospital inpatient admissions) [33]. Perhaps, this difficulty in managing these 304 

complex conditions is not alleviated by the MDT, but simply draws attention to unmet need 305 

requiring escalation to emergency services? However, interpretation of these large effect 306 

sizes in light of the tiny numbers of patients in this group (only 0.5% of the total population 307 

analysed) makes us extremely cautious of interpreting these as ‘real’ effects. These small 308 

numbers make this subgroup result hugely vulnerable to the effects of outliers. 309 

What do these results imply for the intervention in practice?  310 
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The trend across the majority of the results appeared to show very slight increases of 311 

admissions with treatment for the most complex patients (highest risk), again, perhaps 312 

indicating identification of unmet need which may plausibly result from an intervention of 313 

this type. This would also agree with the sub-group finding in our original analysis paper, 314 

where we stratified by risk-tool score, finding that the highest risk patients treated 315 

appeared to benefit least [20]. 316 

However, an important exception to this finding was for those patients with a Charlson 317 

index >5, where those patients may benefit from slightly decreased ACSC admissions (ES: -318 

0.06) and 30-day inpatient re-admissions (ES: -0.05) with the intervention. The Charlson 319 

index, unlike the other measures, was developed primarily as a method of predicting 320 

mortality [34]. Those with an index greater than or equal to 5 have an 85% chance of 1-year 321 

mortality [27]. Perhaps these generally ‘end of life’ patients are managed differently by the 322 

case management team than others? For instance, the treatment plan may be more focused 323 

on decreasing the burden of care (e.g. medications – perhaps being less likely to have 324 

adverse reactions) at the end of life, or attention may shift to palliative care closer to home 325 

resulting in different secondary care use?  326 

Those with conditions only from the cardiovascular/metabolic cluster (diabetes, 327 

hypertension, chronic heart disease, obesity), may also have benefited from slightly 328 

decreased inpatient non-elective admissions (ES: -0.12). These conditions should all be 329 

manageable in primary care [35], perhaps explaining that hospital admissions for these 330 

patients may be most susceptible to decrease with increased primary care. However, 331 

general ACSC admissions were not significantly affected for this patient group (although the 332 

trend was in the same direction; ES: -0.15). 333 
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 334 

Strengths and weaknesses 335 

As with any subgroup analysis, power to detect subgroup effects will suffer 336 

proportionately more than power to detect the overall effect [36]. Therefore, we present 337 

this as a very preliminary analysis, results of which may be added to by future studies using 338 

similar conceptualisations of multimorbidity. In addition, the interpretation of the subgroup 339 

effects should be made in light of the overall effect. These represent the differential effects 340 

of the intervention in terms of that subgroup, and may be in the context of an overall null 341 

effect, for example. 342 

The strengths and weaknesses identified in our primary analysis publication similarly 343 

apply to this analysis [20]. Particularly relevant to this analysis, we previously identified 344 

potential spill-over effects of the intervention at the practice-level. If spill-over effects did 345 

indeed affect other patients in the practice, then the individual-level effects may be driven 346 

towards the null (as the control group was also sampled from implementing practices). This 347 

is similarly true for the DDD analysis conducted here. However, these spill-over effects were 348 

not strongly indicated at the practice level. Furthermore, if our hypothesis is that these 349 

practice-level spill-over effects are as a result of preventative MDT working benefiting lower 350 

risk patients predominantly, then the spill-over may not apply to the high-risk matched 351 

group analysed in this sample at all. Also important to note, the outpatient visits outcome 352 

failed the parallel pre-trends test, and this outcome may therefore be biased in favour of 353 

the intervention group. 354 

Although we would have preferred to use chronic conditions data recorded in primary 355 

care for our multimorbidity measure, this data was unavailable for this study. However, as 356 
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high-risk patients (both the intervention and propensity matched controls), these are 357 

probably the most likely to encounter inpatient admissions (and indeed were selected for 358 

‘high risk’ of admissions). Therefore, these patients should in theory have the most 359 

complete recordings at this service level in comparison to the general population. From 360 

previous literature though, we can expect our multimorbidity measure to be less sensitive 361 

(i.e. be a predictably lower count) because it comes purely from hospitalisation data [37]. 362 

Nevertheless, our multimorbidity measure gained strength from being based on a list of 20 363 

chronic conditions, deemed particularly important in the UK’s NHS setting, which follows 364 

guidance from the multimorbidity literature [25]. 365 

Results in relation to other studies 366 

There is little secondary analysis data available on multimorbidity from studies to date 367 

[38]. The authors are unaware of any multimorbidity subgroup analysis from evaluations of 368 

case management interventions to compare results directly. With the limited power of a 369 

single subgroup analysis, there is therefore the need for others to report these type of 370 

results, allowing future meta-analysis (or individual patient data meta-analysis, which may 371 

be a useful model to adopt [39]) and confirming of initial findings. The single comparison we 372 

can make presently is to our original publication, where we stratified results by risk-tool 373 

score [20]. As discussed above, the majority of the results obtained here confirmed our 374 

findings from the original subgroup analysis, i.e. that generally higher risk, more complex 375 

patients, tended towards increased secondary care utilisation with treatment, perhaps 376 

indicating identification of unmet need. The exceptions were from our stratification by 377 

Charlson index and the cardiovascular/metabolic cluster, which may have been identifying 378 

slightly different and distinct populations (those approaching the end of life with the 379 
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Charlson index, and those with conditions most amenable to primary care with the 380 

cardiovascular/metabolic cluster). This potentially explains the bucking of this trend in these 381 

patient groups. 382 

Implications for clinicians and policymakers 383 

Our analysis suggests that there is little to differentiate the effectiveness of the case 384 

management intervention by targeting specific multimorbid groups, regardless of 385 

conceptualisation. Where we identified subgroups where the intervention may be more 386 

beneficial (Charlson index >5 & cardiovascular/metabolic cluster), the differences were 387 

extremely small. We hypothesise that these differences may be due to differences in 388 

treatment at the end of life/treatment of only conditions that are particularly manageable in 389 

primary care. In the majority of cases, however, we expect the intervention to uncover 390 

unmet need, particularly for the most complex (highest risk) patients. As stated above, 391 

these are currently preliminary findings, and await further testing on other datasets. 392 

Future research 393 

Managing overall healthcare spending and over-utilisation of secondary care remains a 394 

vital goal in health systems globally. Further research is needed to evaluate how we may 395 

accomplish this goal, particularly for the ever-increasing numbers of multimorbid patients 396 

who are inadequately managed and at a high price in our current systems. Case 397 

management does not appear to be the singular solution.  398 

These results do not suggest that any of the different ways of conceptualising 399 

multimorbidity perform better than any others in understanding the impact of case 400 

management. However, in assessing interventions, secondary analyses by multimorbidity 401 

subgroup may be a valuable tool to identify specific targetable groups [38], to achieve 402 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



20 
 

maximum cost-effectiveness from an intervention. As we illustrate here, there are 403 

numerous ways to operationalise multimorbidity, and perhaps utilising a range of these may 404 

hint at subtler indications of intervention effectiveness (or ineffectiveness) which may be 405 

explored through yet further analysis (e.g. qualitative methods to explore potential 406 

mechanisms of action). When doing so, it is important to adjust for multiple testing in 407 

sensitivity analysis, to avoid drawing overly strong conclusions which may be based on false 408 

positive results.  409 

Alternatively, other factors than multimorbidity may be of relevance – such as social 410 

care needs, or frailty. 411 

Conclusions 412 

Our results indicate no appropriate multimorbidity subgroup at which to target the MDT 413 

case management intervention in terms of secondary care utilisation/cost outcomes. The 414 

most complex, highest risk patients may legitimately require hospitalisation, and the 415 

intensified management may better identify these unmet needs. However, end of life 416 

patients/those with only conditions particularly amenable to primary care management may 417 

benefit a very small amount more than others. There is an ongoing need to find appropriate 418 

ways of addressing health system spending and management of multimorbid patients, 419 

however the concept is defined. 420 
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A&E = Accident & emergency 426 

ACSCs = admissions for ambulatory care sensitive conditions 427 

CCG = Clinical Commissioning Group 428 

COPD = Chronic Obstructive Pulmonary Disease 429 

DD = Difference-in-differences 430 

DDD = Difference-in-difference-in-differences 431 

IMD = Index of multiple deprivation 432 

LOS = Length of stay 433 

MDT = Multidisciplinary team 434 

PICT = Practice integrated care teams 435 

QOF = Quality and outcomes framework 436 
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7.2 Chapter conclusions 
 

In this chapter, I have shown that there does not appear to be a multimorbidity 

subgroup which benefits significantly more than others in terms of secondary care 

utilisation or cost. As was evident in the Chapter 6 subgroup analysis by risk score, the 

highest-risk patients in fact tend to increase admissions, contrary to the objectives of the 

intervention. However, from the results here I hypothesise that those patients at the end 

of life, and/or those with only primary-care sensitive conditions might benefit more than 

others to a small degree. 
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8. Discussion 

 

8.1 Chapter Introduction 
 

In this chapter, I summarise the findings of the thesis and discuss its strengths 

and limitations, findings in the context of the wider literature, theoretical and practical 

implications, dissemination and impact of the work, and consider further research 

opportunities in light of this discussion. 

 

8.2 Summary of work 
 

The thesis sought to answer three main research questions, and the work is 

summarised under these three headings below. 

 

What does ‘integrated care’ currently look like in practice in the NHS?  

 
 In Chapter 2, I illustrated the theoretical confusion regarding the concept of 

integrated care. There are a multitude of definitions in the literature, and different 

primary (or multiple simultaneous) goals depending on which is accepted. Unsurprisingly, 

then, integrated care can take a variety of different forms in practice, and these can take 

place across all levels of the health system. In Chapter 3, I demonstrated that integrated 

care has generally been implemented as MDT case management (at the service delivery 

level) in the NHS to date.  

 

What is the effectiveness of what is currently being carried out as ‘integrated care’? 

 

As illustrated in Chapter 2, proponents of integrated care suggest that, if 

implemented effectively, outcomes would include health benefits, increased patient 

satisfaction/experience, and cost saving. A systematic review of the international 

literature, however, showed no clear evidence that case management functions 

effectively across these domains (Chapter 5), and primary research exploring the 

implementation of case management in a single CCG (Chapter 6) also demonstrated no 
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clear benefits. While there is consistent evidence for a small increase in patient 

satisfaction for those directly treated, health benefits are unlikely in the long term, and 

there is no evidence of cost saving. What is more, the highest risk patients, appear to 

respond worse to treatment than those with lower risk scores (i.e. increased secondary-

care utilisation, contrary to the aims of the intervention).  

 

There was also no evidence of effectiveness in terms of secondary-care utilisation 

or cost for those patients directly treated by an MDT. However, MDT case management 

can theoretically add an additional mechanism of action, through increased professional 

integration. There were some preliminary indications of small spill-over effects at the 

practice level, potentially due to this improved professional integration and team 

working. I hypothesised why this effect may differ between levels. By definition, the 

average risk of the practice population will be lower than the high-risk group targeted 

directly, and these patients may be more responsive to preventative measures. 

Moreover, the mechanism of action for direct and spill-over effects likely differs. The 

direct effects may act through more holistic care of the high-risk patient individually 

managed (i.e. a case management effect), whereas the spill-over effect may act through 

effects of generally better team-working, e.g. quicker referral to allied services such as 

social care (i.e. a team-working effect). 

 

Are there differential effects of ‘integrated care’ for different ‘types’ of multimorbidity? 

 

As highlighted in Chapter 7, there was no multimorbidity subgroup that benefited 

considerably more than others from the MDT case management intervention evaluated. 

Again, those more complex (higher risk) patients in the majority of multimorbidity models 

analysed had slightly increased secondary-care utilisation compared to others, perhaps 

due to identification of unmet need. However, I hypothesised from the findings that there 

may be a very small additional benefit of MDT case management for those patients at 

the end of life (predicted by the Charlson index in the analysis), or with only conditions 

that are amenable to primary-care management (patients with only 

cardiovascular/metabolic cluster conditions in the analysis). 
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8.3 Strengths and limitations 
 

In general, the methods used in this thesis are widely accepted and robust. 

However, as with all study designs they each have their inherent strengths and 

weaknesses, and those specific to their implementation in the individual study. The 

specific strengths and limitations of the individual study findings have been discussed 

previously (in the discussion section of each of the journal articles, Chapters 5 to 7). In 

this section, I firstly discuss in turn the strengths and limitations of each of the 

overarching methods used. Thereafter, I discuss the general strengths and weaknesses 

of the thesis as a whole. 

 

Methods strengths/weaknesses 

 
Systematic review and meta-analysis 
 

Synthesis of randomised controlled trials (RCTs) evidence by systematic review 

and meta-analysis is frequently considered the gold standard of causal evidence (Howick 

et al., 2009). In the synthesis in Chapter 5, the inclusion of RCT evidence was extended 

with relevant studies implementing strong observational study designs, according to the 

Cochrane EPOC group, i.e. RCTs, non-randomised controlled trials (nRCTs), controlled 

before and after studies (CBA), and interrupted time series (ITS). Purists may argue that 

the causal implications of the study are slightly diminished by these extended inclusion 

criteria. However, I consider this extension a strength of the study, addressing some of 

the potential issues with RCT evidence and the population of interest (multimorbid 

patients) outlined in the methods section (Chapter 4). In addition, subgroup analysis was 

conducted in the synthesis, to check the RCT findings versus those of other study types 

to ensure this did not significantly differ. 

 

The approach taken to the systematic review, furthermore, has merit in answering 

a key question of my doctoral research: What is the effectiveness of the intervention in 

terms of the policy aims? This is particularly appropriate in the NHS setting, in which the 

case management approach is incentivised by a national payment mechanism, the 

Directed Enhanced Services (DES), whereby practices receive additional payment for 

case management of a specific percentage of their highest risk patients (NHS England, 

2013). In this policy context, the case management intervention as a general approach 
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(with varying practical implementation decided at a local level) is recommended and 

incentivised. Therefore, synthesising and providing evidence for the approach at this 

general level is relevant and necessary for evidence-based policy recommendations. 

 

However, while the insights gained from a systematic review might be particularly 

valued by policy-makers for decision-making, policy-making is both a technical (based on 

the evidence) and a political (based on other insights and considerations) decision-

making process. Therefore, there are a number of other factors contributing factors 

besides simply ‘what works’. One important factor relevant to the review on case 

management presented in Chapter 5 is timeliness of the research, where some might 

consider “an 80% right paper before a policy decision is made is worth ten 95% right 

papers afterwards” (Whitty, 2015). While incentivising the intervention is recent, case 

management is a long-standing and ingrained policy implementation, as outlined in 

Chapter 3. Therefore, another important research avenue might be examining the 

subtleties of delivery of the intervention in the most effective way with rigorous synthesis 

from the social sciences (Whitty, 2015).  

 

An alternative approach would thus have been realist synthesis, an increasingly 

popular method of synthesising evidence for this type of intervention. The realist 

approach differs from the traditional systematic review by focusing on the mechanisms 

through which interventions work (or do not work) rather than on outcomes alone. They 

therefore aim to identify the underlying causal mechanisms and assess under which 

contextual conditions (e.g. delivery of the intervention by whom, under which conditions, 

to which patient group)  they are effective in producing outcomes (Rycroft-Malone et al., 

2012). However, the process of realist review is iterative, and requires a team approach 

with significant expertise in the topic. In addition, it is time-consuming and resource 

intensive for the team involved, so it can be a more expensive approach than traditional 

systematic review. Nevertheless, there is arguably a place for the use of this technique in 

future studies relating to case management and integrated care more generally, 

particularly if policy-makers choose to pursue the interventions for other political 

reasons. 
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Difference-in-differences (DD) analysis 
 

DD analysis is considered one of the most robust forms of controlled 

observational data evaluation (quasi-experiment). By design, the technique controls for 

selection on fixed individual observables and unobservables (simulating randomisation), 

and allows for common time effects that affect both groups of participants (e.g. ageing of 

the individuals, or effects of other policies that affect all participants) (Meyer, 1995). 

Used in combination with matching, moreover, potential bias in the data can be further 

reduced. For instance, the potential bias from regression to the mean from selecting a 

treatment group based on previous performance on an outcome (e.g. high hospital 

admissions) is less likely, as this potential bias is more likely to be evenly distributed in 

both treatment and control groups (i.e. both groups with previously high admissions) 

(Ryan et al., 2014). In addition, the assumption of common (parallel) pre-trends can be 

better satisfied by comparing more comparable groups (Angrist and Pischke, 2008). 

Although this important parallel trends assumption can be tested in the pre-trend period, 

it is fundamentally untestable in the period after the intervention is introduced (when we 

must presume that the assumption is likely to hold). Where the assumption is violated, 

the results of DD may be biased. DD is also based on a ‘time invariant composition’ 

assumption which depends on fixed individual characteristics rather than transitory 

outcome shocks affecting individual participation (Heckman and Leamer, 2007). This 

relates to a judgement by the researcher(s) of whether treatment and control groups are 

truly comparable, and therefore cannot be fully tested. Still, in the individual-level 

analysis in Chapter 6, for example, individuals were matched on a propensity score 

created from the variables that the intervention patients were selected for by the CCG, so 

we may expect these groups to be fairly comparable. However, interventions in practice 

are rarely so simple, and the use of clinical judgement as an additional patient selection 

tool in our case makes this judgement call more difficult.  

 

With respect to Ryan et al.’s DD checklist (as outlined in Chapter 4), the paper 

meets all of the criteria listed, with the help of matching and clustered standard errors 

implemented in the analysis. The only exception is with respect to criterion number 

seven, “treatment does not ‘spill-over’ from treatment to comparison group” (Ryan et al., 

2014). Through practice-level analysis, we found that the effects of the intervention 

might indeed spill-over to the wider practice from which the controls were drawn. With 
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the data available for analysis (where all practices had already implemented the 

intervention prior to the individuals in the individual-level data we were able to use, due 

to delays in the CCG’s data governance arrangements in their early intervention period), 

it was not possible to meet this criterion by selecting controls from non-participating 

practices. However, we have clearly stated this limitation in the discussion in Chapter 6, 

and, if the hypothesis of the mechanism of spill-over effects primarily acting through 

lower risk patients holds, then this potential bias would not apply. 

 

An alternative, and arguably more robust, approach to longitudinal observational 

data analysis is the regression discontinuity (RD) design. Similar to DD, this approach 

uses a pre-/post-test, but instead assigns a variable with a threshold cut-off point that 

determines intervention assignment. The idea of RD is that if this threshold is an 

‘arbitrary’ cut-off point (e.g. a specific risk score selected by a policy-maker), then, at the 

threshold, we would expect participants to be randomly assigned at the point where they 

marginally achieve or fail to achieve intervention status (Angrist and Pischke, 2008). 

Because the cut-off point for joining the intervention has this arbitrary nature, the 

participants at either side of the cut-off point are likely to be very similar, and will exhibit 

the balanced measured and unmeasured characteristics found if they had been 

randomised (e.g. in an RCT). While carrying out the DD analysis on the Central 

Manchester data, I thus planned to carry out an RD analysis (using risk-tool score as the 

threshold variable) for additional robustness. However, due to data governance 

regulations at the CCG, I was not given a true risk-tool score for those in the control 

group, only for intervention participants. When I then attempted to use the generated 

propensity score as a substitute, there was no common threshold for intervention 

participation. Observing the spread in risk-tool score for the intervention patients alone, 

however, the extent to which clinical judgement had played a part in patient selection, 

which was significant, became apparent. This was confirmed in findings from a 

qualitative study that the CCG commissioned (Hall Aitken, 2014). Therefore, it is highly 

likely that even if I had had access to the true risk-tool score for the control patients, I 

may still have faced the same problem in using an RD approach. 

 

The DD approach was, however, more than adequate for answering the research 

question: What is the effectiveness of the local MDT case management model? In 
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addition, the gradual implementation of the case management intervention to practices 

allowed me to utilise the approach looking both at direct effects (individual level) and 

potential spill-over effects (practice level) of the MDT implementation. And with this 

design, furthermore, I was able to address many of the gaps in the literature determined 

through the systematic review (i.e. a lack of complementary quasi-experimental 

evidence, located in a setting of high-strength primary care, and observing direct as well 

as spill-over effects). 

 

 
Difference-in-difference-in-differences (DDD) subgroup analysis 
 

DDD analysis introduces an additional interaction term to DD, so it can be used to 

observe subgroup effects, as in a standard regression analysis. DDD analysis builds on 

DD, and has similar strengths and weaknesses as those discussed above.  

 

There are, however, additional weaknesses to any subgroup analysis when 

compared to primary analyses in terms of statistical power, as comparing within groups 

will naturally lead to loss of sample size compared to the higher-level analysis (Brookes 

et al., 2004). In addition, effects must be interpreted in relation to the findings of the 

original study. For instance, a relatively beneficial subgroup effect might sit in the context 

of an overall null effect on the treated population as a whole. Therefore, subgroup 

analyses should generally be treated with caution, and be hypothesis generating rather 

than interpreted as implying causation (Oxman and Guyatt, 1992). 

 

Furthermore, although the stratification subgroups were chosen to represent a 

cross-section of the multimorbidity measurements in use, in line with the results from a 

systematic review of the literature (Lefèvre et al., 2014), the science is arguably still in 

development. Thus, different results might be obtained when stratifying using different 

conceptualisations of multimorbidity. In addition, the programme analysed in Chapters 6 

and 7 is only one intervention in one site in England. Therefore, further research is 

required to enable generalisability of subgroup effects of case management more 

broadly. However, the Central Manchester programme does represent a common 

manifestation of the intervention in the NHS currently (as highlighted in Chapter 3), 

delivered by an MDT and with a social worker involved. 
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Overall thesis strengths/weaknesses 
 

Overall, the merits of any study should be judged on its ability to meet its 

objectives. As illustrated above, each of the research methods chosen was suitable for 

addressing the specific research questions. However, for policy-related research to have 

any potential for real impact on policy decision-making, there are further criteria to 

consider. As touched upon above, the policy-making process is frequently observed to be 

influenced by not only a technical decision (between what works or doesn’t work, based 

on evidence), but also other considerations, including, for example, personal 

relationships (e.g. trust of the researchers advising), as well as the policy-makers’ own 

judgement of study quality, or their own/the wider political agenda (Whitty, 2015). 

Furthermore, when interventions are piloted by policy-makers, the piloting 

process/evaluation of the pilots can be implemented for a variety of reasons, not only to 

test effectiveness of an intervention for evidence-based policy making (Ettelt et al., 

2015). My research was only able to contribute primarily to this single aim (i.e. testing 

effectiveness) through evaluation, however. There are other aims that might have been 

higher priority for the policy-makers implementing the Central Manchester intervention, 

for instance. These might have included: 1. Piloting as a first-step before scaling up; 2. 

Demonstrating how to successfully implement the intervention; or, 3. Piloting as a 

learning experience, to overcome implementation barriers and improve processes and 

outcomes (Ettelt et al., 2015). Therefore, the usefulness of the research to the local 

policy-makers is partly dependent on my evaluation aim coalescing with theirs. 

 

Nevertheless, testing effectiveness of interventions is a legitimate 

accomplishment of research more generally, and provides evidence other policy-makers 

could learn from for their own choice of implementation. Moreover, the aim of testing 

effectiveness is arguably increasingly important in a cost-constrained system where 

spending public money on the ‘right’ interventions will be continuously important, with 

less money available for improving public services generally (Ettelt et al., 2015). While 

RCT evidence is generally considered the gold standard evaluation design, and might be 

considered a particularly persuasive evaluation method for a policy-maker in health 

policy (Ettelt et al., 2015), practically (particularly for a stand-alone PhD study) it is not 

always feasible to carry it out. RCTs are also likely to mis-estimate the causal effect of a 

complex intervention in day-to-day practice (Davies et al., 2015), and frequently (though 

not always) fail to take adequate account of contextual factors of an intervention (Bonell 
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et al., 2012). Particularly in the case of an intervention which is extremely unlikely to 

cause harm, such as case management, and in the context of squeezed public services 

in the current budgetary environment, it is imperative that researchers produce usable, 

good quality evidence from the abundant routinely collected data wherever possible 

(Raine et al., 2016). 

 

It is also important to consider what exactly is being evaluated for effectiveness. 

In this thesis, the scope has not been to evaluate ‘integrated care’ more broadly, but 

instead to: 1. Identify the most common approach being taken to integrate care in 

England (i.e. MDT case management). This approach is also one which is being 

incentivised in current policy, and has wider international relevance; 2. Provide meta-

analytic evidence about the extent to which it achieves what is claimed; and, 3. Evaluate 

a specific instance of the policy and test its impact, particularly on multimorbid patients. 

So, in effect, the thesis can act as evidence for effectiveness of what is currently 

mainstream integrated care practice (i.e. case management), but not for all of the wider 

possibilities of integration strategies (outlined in Chapter 3), and it does not compare 

effectiveness of MDT case management with other integration strategies.  

 

In relation to the complex group of patients who formed the focus of this PhD, 

multimorbid patients, the general limitations of population-based research methods 

could also be emphasised. This relates to the conceptual issues of multimorbidity 

highlighted in the introduction. Particularly when defined by a simple count criterion, this 

remains a very diverse, heterogeneous group. Thus, attempting to generalise the findings 

of this population-level analysis to an individual during clinical treatment might prove 

particularly difficult in this group. There could consequently be scope for development of 

more personalised results, through further subgroup analysis (and meta-analysis), or 

perhaps analysis of linked ‘big data’ sets, where power to observe the stratified effects 

would be enhanced. Through the DDD analysis, I have attempted to set some 

groundwork for this first approach, suggesting common measures of the concept by 

which to stratify results. However, current data availability limits the possibilities of this 

stratification approach, although this may improve in the future (as discussed further in 

the multimorbidity part of Section 8.5). 
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8.4 Findings in the context of the wider literature 
 
 

There are a number of previous studies that have looked at the effectiveness of 

case management. The majority of these were captured in the inclusion criteria in the 

systematic review in Chapter 5, and also discussed in the discussion section of Chapter 

6. The most rigorous previous systematic evaluation was from a meta-analysis, which 

had likewise shown no effect on unplanned hospital admissions (Huntley et al., 2013). 

This review, however, did not consider effects on satisfaction or health outcomes. 

 

Putting this study in the context of findings from research conducted in the United 

Kingdom specifically (as highlighted in Chapter 3, a fairly unique context, and case 

management is an intervention where we can expect context to have an influence on 

outcomes), the first rigorous assessment of case management was through the Evercare 

study in the early 2000s.  

 

Evercare was adapted from the US system and involved case management of frail 

elderly patients, primarily carried out by advanced practice nurses. The evaluation in the 

BMJ in 2007 also reported no significant effect on rates of emergency admissions, 

emergency bed days, and mortality (Gravelle et al., 2007). The authors also highlighted 

the place of case management in NHS policy at the time, through the Community Matron 

programme. They cautioned policy-makers at the time that “without more radical system 

redesign this policy is unlikely to reduce hospital admissions” (Gravelle et al., 2007). The 

Nuffield Trust had originally planned to carry out the evaluation of the Community Matron 

programme separately (The Nuffield Trust, 2007), although this report does not appear 

to have ever surfaced in the public domain, so these results cannot be compared with 

those of this study directly. 

 

More recently, the difference-in-differences evaluation of case management 

within the Integrated Care Pilots (ICPs) reported a 9% (95% confidence interval, +1% to 

+16%) increase in emergency admissions, but a 21% (-10% to -32%) reduction in elective 

admissions and 22% (-16% to -28%) reduction in outpatient attendance for high-risk 

patients compared to matched controls in the 6-months following introduction of the 

programme. At the practice-level, they found overall outpatient attendances reduced by 

5% (-2% to -8%) two years after the start of the programme. Over half of the reduction in 
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outpatient admissions was reported to come from a group with cancer (with half of these 

associated with reduced admissions for chemotherapy). This occured even though there 

were similar proportions of patients with cancer in the intervention and control group, 

and cancer care was not a specific focus of the sites (so the authors could not explain 

the finding). However, the ICP evaluation study combined six separate case management 

interventions, some of which were aimed at specific conditions only (e.g. COPD – hence 

the study did not meet the inclusion criteria for the review reported in Chapter 5), so 

might not be directly comparable. There is some evidence that case management 

targeted at specific conditions can be more effective than when targeted at generally ‘at-

risk’ patients for reducing admissions (Purdy, 2010). This would also fit with the 

hypothesis discussed from findings reported in Chapter 7, that those with primary-care 

sensitive conditions (e.g. COPD, as one such condition) may respond better to the case 

management intervention.  

 

8.5 Theoretical implications 
 

The PhD study findings have theoretical implications for both the understanding 

of integrated care and of multimorbidity. 

 
Integrated care 
 

My work suggests that case management, as integrated care, does not reduce 

secondary-care admissions or cost of care. In the wider literature there is little evidence 

of this reduction being possible with current primary care and community-based 

interventions (Smith et al., 2016), and little theoretical justification as to why it should be 

possible, particularly if targeted only at high-risk groups (Wallace et al., 2016; Roland 

and Abel, 2012). However, for policy-makers, these outcomes remain a key aim of case 

management interventions and integrated care more generally. Nevertheless, as 

illustrated in the systematic review in Chapter 5 (Stokes et al., 2015b), and as is 

reported of integrated care more widely (Cameron, 2016), patient experience of care (i.e. 

patient satisfaction) appears to be consistently positively affected. Therefore, while case 

management and integrated care do not appear to accomplish all of their outcome-

oriented goals, especially regarding cost (Cameron, 2016; Nolte and Pitchforth, 2014), 

they do arguably meet the widely adopted patient-centred outcome-based definition, ‘the 
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feeling of more joined up care’ for the patient (Department of Health, 2013), and its 

single implicit outcome of patient satisfaction. 

 

The majority of current integrated care literature portrays the three outcomes of 

improved health outcomes, increased cost-effectiveness, and increased patient 

satisfaction as simultaneously achievable. For example, the WHO’s global strategy on 

people-centred and integrated health services report claims that benefits of these 

service delivery changes (amongst numerous others) would include, “increased 

satisfaction with care and better relationships with care providers…reduced overall costs 

of care per capita…reduced mortality and morbidity from both infectious and non-

communicable diseases” (World Health Organization, 2015). The evidence available to 

date, however, could indicate the naïveté of this assumption. The literature, described 

below, shows that each of these outcome categories is linked to each of the others. For 

instance, increased patient satisfaction appears to be attained with improved health 

outcomes following a healthcare visit (Atkinson and Haran, 2005; Schoenfelder et al., 

2011; Bleich et al., 2009; Hardy et al., 1996), but people originally in a better state of 

health also tend to be more satisfied (i.e. satisfaction may act as both cause and effect) 

(Stokes et al., 2015a; Moret et al., 2007; Schoenfelder et al., 2011). People in a better 

state of health, in turn, should theoretically make less use of health resources, but the 

most satisfied patients (associated with being the healthiest) might also be those with 

the highest overall healthcare expenditure, and may be those experiencing worse health 

outcomes, e.g. a higher mortality rate (Fenton et al., 2012). Therefore, it appears that as 

one of these three overarching outcomes is beneficially influenced, the others might also 

be influenced (either positively or negatively) by the means of achieving that single 

outcome (although, clearly, only a single outcome alone can also be measurably 

influenced, as found in the empirical work in this thesis). In sum, there is little evidence 

that the ideal scenario of not having to pay for improvements in care quality is plausible. 

 

When the focus is primarily on patient satisfaction, there is potentially a conflict 

between system-level goals (the focus of policy-makers in the current austerity climate, 

i.e. cost and utilisation reduction) and individual-level goals (making the patient’s 

experience of care coordination better, and possibly benefiting health outcomes by doing 

so). For example, the Fenton study mentioned above, set in the USA, illustrates the 

potential dangers of overly ‘consumer-focused’ healthcare (Fenton et al., 2012). Using 
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basic economic market theory, this consumer-focus should theoretically strike the 

correct balance between cost-effectiveness and patient-oriented goals. However, this 

assumption ignores known market failures in healthcare. Particularly illustrative in this 

instance is the market failure of information asymmetry (i.e. the expert knows more than 

others, so can make the more informed decisions) (Morris et al., 2007). While this 

asymmetry clearly is in favour of the patients in some areas (e.g. experience of disease/ 

experience of using health services/ treatment burden etc.), it favours the 

physician/expert in others (e.g. treatment course in many cases/ health system setup or 

organisation/ cost of care etc.). The patient is therefore not likely to make the most 

informed choice when it comes to overall health system costs. Focusing too much on 

‘consumer satisfaction’ in a tax-funded health system, then, might conflict with cost 

outcomes. It is, indeed, difficult to imagine a situation where increased patient 

satisfaction through patient choice does not involve wrapping more (costly) care around 

the patient. 

 

If it is not possible to achieve all three overarching outcomes of interest in equal 

measure simultaneously, there is clearly a need to prioritise what we want integrated 

care (or any other intervention) to achieve. As I argue above, I consider a primary focus 

on consumer satisfaction (illustrated by the adopted NHS definition of integrated care) to 

be wrong in the context of a tax-funded national health service. This is by no means to 

imply that patient satisfaction is not an important outcome to measure, and to bear in 

mind while planning health services/systems. However, I would argue that patient 

satisfaction should be considered as a secondary outcome measure, because patient 

satisfaction is partially determined by the health outcomes of a healthcare visit. Thus, 

aiming for better health outcomes without primarily chasing patient satisfaction would be 

a better goal (i.e. we should still attain satisfaction as a secondary outcome – particularly 

if care is based in the primary-care setting where this satisfaction is generally increased) 

(Stokes et al., 2015a; Starfield et al., 2005). Whether this patient satisfaction must 

necessarily fulfil the patient-centred definition of integrated care (i.e. patient’s perception 

of a more integrated service), or is best measured through other means is a matter for 

debate. 

 

It is important, then, that we recognise what integrated care may be capable of 

achieving, agree on prioritised aims (at least within a local context where it is to be 
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implemented), and establish a common definition of integrated care that adequately 

reflects these. 

 
Multimorbidity 
 

Similarly, the results of this study have important implications for how we 

measure/define multimorbidity and which groups we target with interventions. Case 

management relies upon identifying and targeting the most high-risk patients, usually 

identified using some kind of risk-stratification tools. These tools tend to target elderly 

patients and those with many secondary-care admissions (so those already in contact 

with health services). Elderly patients, however, comprise the minority of those with 

multimorbidity in absolute terms (Barnett et al., 2012). Therefore, there currently 

appears to be a major gap in models of care aimed at this wider group in need of better 

care coordination, including those who have not yet reached the stage where they are 

recognisable to health services via past utilisation. The slightly lower-risk patients, 

moreover, may also be those most likely to respond better to prevention-oriented, cost-

saving interventions. Such interventions are unlikely to be best delivered via MDTs as 

currently enabled (although some form of interdisciplinary working will likely play an 

important part in developing effective future primary-care models in some capacity, 

potentially tapping in to the proposed benefits we found in our spill-over analysis in 

Chapter 6). 

 

In the subgroup analysis of the Central Manchester data, I found few differential 

treatment effects of case management when stratifying by different multimorbidity 

conceptualisations. However, the few differential effects identified provided a hypothesis 

for when the intervention might be most effective. When we think of multimorbidity as a 

complex adaptive system (Sturmberg, 2014), there is unlikely to be one single way in 

which we should model the relative effects. This implies the need for future studies to 

agree on standard models of stratification to be used. In Chapter 7, I suggest a starting 

point for this research with a sample of measures from the four dominant multimorbidity 

definition types. 

 

There may, however, also be other measures which are ultimately more useful 

than multimorbidity. For example, the increasingly popular measure of frailty (e.g. the e-

frailty index) which may arguably identify patients more amenable to care as it primarily 
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draws on primary-care records rather than hospital ones (Clegg et al., 2016). It could also 

be argued, though, that the danger of focusing treatment solely upon those at highest 

risk (although arguably identified at a slightly earlier stage) and already in contact with 

health services still exists according to this alternative measure. Alternatively, a 

combination of measures may be another approach to consider (Koroukian et al., 2016). 

When choosing an approach, it is ultimately important to bear in mind that while certain 

measures might be particularly good at predicting certain outcomes, this alone does not 

mean that targeting the patients identified with added care will necessarily improve 

these outcomes (i.e. the measures do not necessarily select a group that will respond to 

treatment). For example, a frail patient approaching the end of life will continue to 

become increasingly frail (requiring increased healthcare utilisation) whatever 

interventions are tried. 

 

There is also a theoretical implication with regard to our research methods, and to 

our guideline-based medicine approach to care. The previous sections of this thesis have 

questioned the suitability of dominant methods (e.g. RCT design) in relation to 

multimorbid patient groups. There are ways of improving this study design (e.g. with 

improved inclusion criteria) to address some of these issues (Coventry et al., 2015; Man 

et al., 2016; Bonell et al., 2012). But, ultimately multimorbidity draws attention to some 

of the flaws of population-based research methods when applied to individual patients 

more generally, since these are particularly illuminated by this extremely heterogeneous 

group. These insights suggest that a more stratified (personalised) approach might be 

necessary. But there are important practical considerations that would be necessary to 

make this personalised approach possible. Arguably, ‘big data’ with linked and complete 

health and care datasets would be an important starting point for any stratified 

approach. However, there are further ethical/public appetite considerations that need to 

be addressed before use of this tool would be possible. The care.data case study 

possibly indicates how difficult implementing this could be (Hays and Daker-White, 

2015). But there may be some grounds for optimism as early results from recent studies 

show that when public understanding of data use is enhanced, so too is public 

acceptability (The University of Manchester, 2016). Likewise, informal evidence from 

patient and public involvement (PPI) discussion groups, in which I myself have 

participated, suggests that members of the public tend to be outraged when they 

discover that their care records are not already linked across care settings.  
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Moreover, even with complete and linked healthcare data, it is likely that 

important variables that might help us predict and benefit patients with the correct 

interventions at the correct time will remain unavailable. For example, missing 

psychological, social circumstances and lifestyle data will limit the possibilities of a 

stratified approach. However, our colleagues involved in psychometrics analysis are 

already exploring exciting opportunities for capturing these missing strata from social 

media interactions, e.g. data-mining Facebook ‘Likes’ to accurately predict a variety of 

attributes, including, “sexual orientation, ethnicity, religious and political views, 

personality traits, intelligence, happiness, use of addictive substances, parental 

separation, age, and gender” (Kosinski et al., 2013). The expansion of people 

contributing to big data sets through wearables offers further opportunity potential. 

Although there are a number of ethical and governance issues to be discussed and 

overcome before the full potential of this data could be harnessed effectively (Kosinski et 

al., 2015), nevertheless, the potential for future public health and health services use is 

at least plausible. 

 

8.6 Practical implications 
 

There are also a number of practical implications of the findings. 

 

Case management and risk stratification 
 

The findings suggest that commissioners must reassess how/if they use case 

management and risk stratification, and to what end.  

 

There are a number of options for case management available to commissioners 

and policy-makers in light of these results: 

 

1) Status quo 

Despite the indications of current research, the case management approach may 

well remain a dominant model of integrated care, as it has been up till now. Section 8.4 

illustrates how this approach has remained a policy-focus in light of strong evidence 

accumulated to date that the intervention does not produce the main aim of reducing 

emergency admissions, for instance. Thus, policy does not necessarily follow the 
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evidence. And, it may prove difficult for those decision-makers to go against the face 

validity of case management (illustrated in Chapter 3) and its perceived ability to 

accomplish all of their goals simultaneously. But, as discussed above, there is still a gap 

in the literature regarding the relative effectiveness of various approaches to delivery 

and their use in different contexts. Future realist synthesis may alleviate this knowledge 

gap. However, in light of current evidence it is increasingly difficult to justify incentivising 

case management as a general concept, as the NHS is currently doing. This is especially 

true at a time when system resources are particularly stretched, and the value of cost-

effective spending is increasingly important. 

 

2) Continue to use case management, but only for what it can achieve 

The evidence summarised in this thesis shows that case management and 

integrated care more generally does have merit in benefiting a patient’s experience of 

care. This is a legitimate aim of a health system (World Health Organization, 2007), and 

so decision-makers may be justified in continuing to implement case management to this 

end. However, as I argue above, it might be important to prioritise outcomes, and patient 

satisfaction could be considered secondary to others. And again, with cost of care of 

particular concern at this moment, it could be more difficult to justify the decision of 

continued use on this basis alone. 

 

3) Modified/enhanced case management 

With more accurate and standardised reporting of how the case management 

approach was delivered, to whom, and under what conditions, there is the potential for 

future syntheses to more accurately explore relatively more effective, 

modified/enhanced models of case management than was possible on the basis of the 

current literature (reported in Chapter 5). If policy-makers follow either of the first two 

options above, this subsequent evaluation reporting and analysis would be a 

recommendable commensurate action. 

 

4) Look for alternative approaches/models of care 

If policy-makers continue to emphasise the importance of reducing costs when 

planning new models of care, alternative approaches might be required. I discuss some 
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potential options for alternative approaches at the end of this section. Before that, I will 

briefly discuss one of the tools these models frequently use, risk stratification. 

 

The use of risk stratification tools is widely adopted in the NHS and 

internationally, including highly successful health system models such as Kaiser 

Permanente (Chen et al., 2009). However, there is cause to ponder how/if we best use 

the results obtained from these models in practice. For example, we may wish to 

consider the levels of risk at which we focus our interventions (and which interventions to 

focus on) in order to have maximum effect on our aims. While the interventions aimed at 

higher-risk individuals would be more traditionally considered healthcare interventions 

(i.e. aimed at the patient who has immediate healthcare needs), there may be a case for 

broadening this definition (i.e. expanding it to include prevention-based interventions 

which take the social determinants of health into account (Wilkinson and Marmot, 

2003)). For, as detailed above, there is little evidence of effectiveness for interventions 

aimed at high-risk level patients only (Wallace et al., 2016; Roland and Abel, 2012). 

However, whether current risk prediction models (based primarily on previous healthcare 

utilisation data – so identifying those already well known to health services) are able to 

identify the optimum population at all is possibly unlikely. 

 
 
The need to consider what the meso/macro environment allows 
 

On the basis of the subgroup result findings of the Chapter 5 systematic review, it 

was hypothesised that case management might show different effectiveness under 

different contextual conditions (e.g. case management may be more effective in health 

systems with low-strength primary care). 

 

This potential differential effect fits with the theoretical understanding of complex 

interventions introduced previously, in which context is an important factor (Craig et al., 

2008). Beyond this, I would argue that certain meso/macro environments also dictate 

how an intervention can be assimilated and carried out in the first instance. For example, 

‘extending appointment times’ for the treatment of chronic disease and multimorbidity 

has been suggested as potentially beneficial for addressing the patient holistically, and 

for improving self-care behaviours, ultimately preventing exacerbation of symptoms and 

improving patient experience (Man et al., 2016). However, in a health system that rations 
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its resources through waiting times (as is the case in the NHS), rather than ability to pay 

(as in the USA), a different intervention would necessarily be implemented in one context 

than another (never mind with different anticipated effects). For example, the NHS uses 

10-minute GP appointment slots to make this resource-rationing system work, and 

simultaneously attempts to comply with political pressures to meet individual 

appointment waiting targets. Here, there is little scope to increase appointment times 

without other delivery adaptations, for example, major increases in workforce or up-

skilling other professionals to compensate, or alternatively, group chronic-disease 

management clinics. Whereas, in a predominantly privately funded system, arguably the 

price of the increased time could more easily be passed on directly to the insurance 

company/patient, making it easier to implement with the resources rationed through 

ability to pay this increased price. 

 

As outlined in Chapter 3, case management has arisen primarily in the USA, 

where there is historically little recognisable primary care to control costs (e.g. no 

gatekeeper system). This may make the case management intervention a more 

important aspect of healthcare delivery in that context, i.e. it may substitute for ‘good’ 

primary care. Similarly, the case management intervention probably makes more sense 

in the payment context of the USA. The insurance-based payers may be less willing to pay 

before their members are sick, making attempts to contain costs for high-risk patients a 

priority. We thus see changes towards increased integration and prevention orientation 

accompanying new payment models, e.g. capitation payments (NHS England, 2014a), 

and formation of accountable care organisations (Fisher et al., 2007). 

 

In the NHS therefore, prioritising specific aims of the health system could be 

particularly important due to the nature of funding (i.e. tax-based). In a health system 

that is based fundamentally on moral values of equity and social justice (Collins and 

Klein, 1980), does the higher priority of patient choice and experience fit with this value 

system, or does this originate from models of care adopted from the USA, or market 

choices available in other aspects of UK life? The separation of funding systems for 

health (tax-funded, free to all) as opposed to social care (increasingly privately funded, 

available to those who can afford it) in the UK has further practical implications. This is 

particularly true in the context in which social care budgets are being cut 

disproportionately in relation to their healthcare counterparts, as is currently the case 
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(The King's Fund, 2015b). There are potential problems with the practicalities of truly 

integrating these systems that are so fundamentally separate at the moral choices level, 

as indicated in terms of their funding approach. This is particularly true if we choose to 

target the social determinants of health and prevention of disease, as I would advocate. 

To do so, we must by definition pay before the illness arises and make future savings by 

preventing/compressing the treatment costs to a shorter period at the end of life.  

 

Therefore, fundamental value and financing decisions need to be re-assessed 

within the health and care sectors before the meso/macro environment can adequately 

accommodate the planned service-delivery changes to take place effectively. 

 
 
Current ambitions for change in the NHS 
 

The NHS’s Five Year Forward View (FYFV) outlines the ambitions for change and 

new models of care that the NHS in England aspires to. The FYFV outlines a number of 

new models of care, which have inspired the Vanguards under the same banners (NHS 

England, 2014b; NHS England, 2016b). These overarching models are outlined in Box 5. 

 
Box 5: Vanguards - new models of care. Source: (NHS England, 2014b; NHS England, 2016b) 

1. Multispecialty Community Providers 

Concentrated on moving specialist care out of hospitals 

2. Integrated Primary and Acute Care Systems 

Concentrated on joining up GP, hospital, community and mental health services 

3. Acute care collaboration 

Concentrated on linking together local hospitals to improve their clinical and 

financial viability 

4. Urgent and emergency care 

Concentrated on improving the coordination of urgent and emergency care 

services and reducing the pressure on A&E departments 

5. Enhanced health in care homes 

Concentrated on offering older people better, joined-up health, care and 

rehabilitation services 
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This study and the considerations arising from it, as discussed above, relate 

directly to what we may reasonably expect the FYFV to achieve in practice. The main 

consideration of the FYFV, as discussed in the introduction, is financing and costs 

(reducing Demand, improving Efficiency and increasing Funding), i.e. addressing the 

estimated £30 billion spending gap (NHS England, 2014b). 

 

First, the models of care emphasise the importance placed on integration in order 

to achieve these goals. However, the evidence from this study, and the wider evidence 

relating to integrated care (detailed above), shows that this emphasis is misplaced in 

light of what current models are capable of achieving. 

 

Second, the timeline of five years appears particularly ambitious given that 

models of care currently in use appear to have achieved little if anything in efficiency 

savings to date (Nolte and Pitchforth, 2014). I would endorse the ambitions of 

prevention-oriented demand reduction outlined in the FYFV. However, again, any 

significant reduction in demand will take a long time (potentially generations of 

prevented disease) to achieve, as it requires societal shift in terms of lifestyle choices 

and where patients seek their healthcare. There is, moreover, no indication that the 

additional funding needed will transpire under a pro-austerity Government, although 

there are signals from Theresa May that austerity measures might be loosened to some 

extent in the future. 

 

Last, the document also outlines a vision of a stronger role for the patient in wider 

healthcare planning, firstly, for disease self-management reasons, but also for 

strengthening patient choice and direct involvement in “decisions about the future of 

health and care services” (NHS England, 2014b). However, as I have argued above, 

these last two involvement types (i.e. excluding for self-management) might be 

misplaced if the aim of cost saving is the priority. 

 

Indeed, Simon Stevens, Chief Executive of NHS England, has since argued that 

the ambitions outlined in the FYFV will be unachievable without the commensurate 

increase in funding of social care services, which has not yet transpired (NHS England, 

2016d). 
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A number of questions, then, arise from examination of the evidence. It also 

remains to be seen whether the new models of care tested as Vanguards will be able to 

overcome the national level barriers (e.g. competition agenda and requirement to 

simultaneously meet nationally set targets while attempting to implement change) and 

achieve the wider change envisioned by previous government initiatives (e.g. wider 

organisation/funding integration) (NHS England, 2016c; Erens et al., 2015). This is 

arguably required for a more population-level approach to integration to occur (i.e. away 

from the focus only on a small high-risk group). In addition, from examining initial 

documented plans, MDT case management will once again play a significant part in the 

Vanguard’s service delivery plans (see Appendix 1). 

 
 
Alternative approaches to integration? 
 

From a pragmatic point of view, we will need to consider alternatives to 

integration, particularly to deal with the most pressing of health system challenges, the 

current funding gap in the NHS.  

 

One of the main strategies of policy-makers to close this gap is to reduce 

secondary-care admissions. In a review by Purdy et al of ‘what works for reducing 

emergency admissions’, it was found that prevention, or early-intervention-oriented 

approaches appeared to be most effective. For example, this included self-management 

interventions, and continuity of care with a GP. Likewise, the report found that there was 

no evidence that case management in the community reduced generic admissions 

(although they found that assertive case management is beneficial for patients with 

mental health problems). At the time, they also indicated that integrating health and 

social care, or integrating primary and secondary care might benefit reduced admissions 

(largely based on initial work at the King’s Fund - (Curry and Ham, 2010)) (Purdy, 2010). 

However, the evidence detailed above now calls this latter claim into question. 

 

Expansion of primary care is frequently floated as a viable option for reducing 

demand for, and thus costs of, secondary care services. There is, indeed, increasing 

evidence that primary care offers a cost-effective alternative to secondary care (Atun, 

2004; Starfield et al., 2005). There is also some evidence that expansion of access to 

primary care can (but does not always) lead to reduced secondary-care admissions 
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(Greater Manchester NIHR CLAHRC, 2015). However, the quality of primary care 

delivered will clearly be a factor in effectively accomplishing this shift. For example, one 

study found that “patients cared for by PCPs [primary care practitioners] with better 

performance on quality metrics may have lower rates of ED [emergency department] and 

hospital utilization” (Yelibi et al., 2014). Furthermore, if the potential cost savings are to 

be realised at the system level, secondary-care staff and services would eventually have 

to be decommissioned (or re-aligned to cheaper primary care) in the long-term, in line 

with the shift in demand. This would most probably involve a period of increased double-

funding in the short-term to prevent any shock to the system and an inability to meet 

current demand. At the individual level, there may be the opportunity to remove 

burdensome and unnecessary treatments, reducing resource wastage and potentially 

dangerous treatment interactions, particularly towards the end of life. However, there are 

a number of ethical/practical questions regarding how we recognise this ‘futility point’ of 

treatment in the first place, and who decides if it is best to step down treatment and 

when (Søreide and Desserud, 2015).  

 

There may also be a need to up-skill the primary-care workforce to enable it to 

cope with the increasing service demands placed upon it, and potentially the need for 

new roles such as community healthcare assistants. These roles are already utilised 

quite successfully in other health systems – e.g. Brazil/Cuba etc. (Harris and Haines, 

2010; Campion  and Morrissey 2013), and the healthcare assistants have more time to 

deliver preventative interventions at a cheaper price per person hour. Or, potentially 

enhanced roles for professions we already have, e.g. nurses, social workers, etc., may be 

required. In short, the traditional definition of primary care in the NHS (i.e. GP/nurse 

care) may need to shift towards what the Alma Ata declaration in 1978 called 

‘comprehensive primary care’ (World Health Organization, 1978). This involves the health 

sector working more closely with other traditionally non-health sectors (e.g. housing 

associations, job centres, etc.) to achieve a more preventative, holistic approach. 

 

Historically, the most cost-effective solutions to population health management 

have always been preventative (through public health interventions) (Owen et al., 2011; 

Hutton and Haller, 2004). Furthermore, the World Health Organization estimates that if 

“risk factors were eliminated, at least 80% of all heart disease, stroke and type 2 

diabetes…[and] over 40% of cancer would be prevented” (World Health Organization, 
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2016). There is also evidence that at least a proportion of multimorbidity is associated 

with preventable risk factors. For example, obesity is estimated to increase the likelihood 

of multimorbidity 7-fold for males, and nearly 10-fold for females (Jovic et al., 2016). 

Finally, there is mounting evidence of the ability of better lifestyle factors to compress 

multimorbidity to a smaller period at the end of life, particularly shown in high-income 

countries to date, less so in low-income ones (this country-level difference further 

suggesting the importance of lifestyle factors relating to socioeconomic status – in theory 

modifiable) (Chatterji et al., 2014). However, as mentioned above, any prevention-driven 

strategy will likely take a generation to produce any significant results. 

 

In the shorter term, an alternative to the efficiency and demand solutions is of 

course to address the funding gap more directly. In terms of relative spending, total 

health expenditure (as a % of GDP) in the UK is below the OECD average (The World 

Bank, 2016). In addition, per capita healthcare expenditure has been flat for the past 

few years (in spite of ever-increasing demand, as outlined in the introduction), reduced 

from a high in 2007, and well below the high-income OECD average (The World Bank, 

2016). The Government has committed to some increased spending since the FYFV. 

However, “this means that between 2009/10 and 2020/21, spending on the NHS in 

England will rise by nearly £35 billion in cash terms – an increase of 35 per cent. But 

much of this increase will be swallowed up by rising prices. In fact, around £24 billion will 

be absorbed by inflation, leaving a real increase of just £11 billion (a 10 per cent rise 

over eleven years; equivalent to an average annual increase of just 0.9 per cent)” (The 

King's Fund, 2016). There is the potential to increase funding for the NHS, and as the 

recent EU referendum campaign has illustrated, public demand for it is also likely to 

exist. 

 

Reversing ‘self-inflicted’ demand increases might be another relatively easy 

option. For example, the current Government’s austerity choices have cut public 

resources to the things that prevent ill-health in the first place. Public health budgets, 

and budgets for social care services for older people (which are meant to get people out 

of the expensive hospital setting as quickly as possible and back to the community) have 

been slashed, along with local council funding (The King's Fund, 2015b). There has also 

been a rapid increase in recent years of private providers utilising the NHS budget 

(Lafond, 2015). The majority of this spending is on providers that take a profit slice out of 
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the health system (The King's Fund, 2015a), thus further exacerbating the spending gap. 

Moreover, private providers target those parts of the system that are actually profitable 

and so confound the negative effects of the loss-making parts of the system maintained 

within the NHS’s provision. This increase in private provision is largely due to competition 

legislation implemented through the 2012 Health & Social Care Act (Department of 

Health, 2012), and is therefore reversible.  

 

8.7 Dissemination and impact 
 

As discussed above, it is important, if aiming to influence policy decisions, to 

provide what a policy-maker might consider ‘good enough’ evidence. In population health 

decision-making, local data are considered to be the most valued and used by decision-

makers, and such data tend to be accessed through personal contacts (Oliver and de 

Vocht, 2015). In addition, the form in which data is reported to policy-makers appears to 

make a difference to its use, and it must be accessible (Brownson et al., 2009). 

Therefore, the additional dissemination activity, such as blogs, newsletter pieces, 

conference presentations, individual presentation to local CCGs (plus providing them 

with a short policy brief for circulation), press output (e.g. a pulse article reporting the 

systematic review - http://www.pulsetoday.co.uk/home/finance-and-practice-life-

news/case-management-has-no-effect-on-outcomes-or-costs-find-

researchers/20010505.fullarticle) etc., all potentially add strength to this study, by 

communicating the data in a more accessible manner. 

 

8.8 Further research opportunities 
 

As touched upon throughout this discussion section, there are a number of 

possibilities for further research. These are brought together and briefly summarised 

here. 

 
Methodological 
 

There is a need to develop methodological approaches that better characterise 

effective solutions to the ‘multimorbidity problem’, and which do not simply define the 

extent of the problem we face. This may not involve counting conditions, or ‘conditions’, 

in the traditional sense at all (e.g. a functional measure may be an alternative). It may be 

that a much broader and personalised conceptualisation is required. If so, how can we 

http://www.pulsetoday.co.uk/home/finance-and-practice-life-news/case-management-has-no-effect-on-outcomes-or-costs-find-researchers/20010505.fullarticle
http://www.pulsetoday.co.uk/home/finance-and-practice-life-news/case-management-has-no-effect-on-outcomes-or-costs-find-researchers/20010505.fullarticle
http://www.pulsetoday.co.uk/home/finance-and-practice-life-news/case-management-has-no-effect-on-outcomes-or-costs-find-researchers/20010505.fullarticle
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model this with the available data, or what other data do we need? For example, can we 

take a leaf out of the psychometrics research agenda and better harness big data 

effectively? There might also be broader work to be done to address known issues with 

population-based research methods and their application to individuals. And, there is a 

need to decide on methods that provide ‘good enough’ evidence for policy-making in a 

cost-effective manner. For example, for an intervention where there is no possibility of 

patient harm, do we really require an expensive RCT to test, and most probably mis-

estimate, its causal effects? And, if not, how do we convince policy-makers that this 

alternative evidence is thorough enough? 

 
Theoretical/ Practical 
 

It is important to test new interventions that may help us prevent and/or 

compress multimorbidity and its negative effects. With burden of care a particularly 

important concept for the multimorbid patient, there might be means to withdraw 

inappropriate care when advisable to do so, simultaneously reducing resource waste. 

There are further ethical considerations concerning the possibility/acceptability of 

identifying treatment futility points (points where increasing/ongoing treatment has no 

beneficial effect for the patient, where the quality of life might alternatively benefit from 

stepping down care) for individuals, and these should be debated. We might also 

consider whether there is any over-medicalisation/over-diagnosis of conditions, in order 

to prevent potential over-inflation of our expectations of multimorbidity, and limit any 

unnecessary treatments for the individual before they occur. And there is a need to 

address how we best use the multimorbidity concept to address patient complexity, or if 

there is a better method/conception by which to stratify groups. 

 

It is necessary for researchers to prioritise aims of integrated care and adopt an 

accepted definition that addresses these aims adequately. If decision-makers choose to 

continue to employ case management as their primary method of changing care at the 

service-delivery level, it is necessary to examine how the model is best employed 

effectively in different contexts. 

 

As outlined above, there might also be other methods of addressing the 

significant health-system challenges, present and future. There is the need to consider 

decommissioning services (and how we do this as well as possible without too much 
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political controversy) that have a more cost-effective alternative, in order to plan effective 

health systems instead of thinking simply in terms of these individual services (Gray, 

2011). There are also moral debates to be had on the best place of the patient in 

decision-making for the health system, and the implications this has for the meso- and 

macro-level context. The new models of care emerging should be examined in terms of 

strategic components and underlying conceptual assumptions so we can work out what 

exactly is effective and in what context. There is the need also to evaluate the 

effectiveness of these models in terms of the outcomes that they seek to address.  

 

8.9 Chapter Conclusions 
 

In this chapter, I have discussed the thesis findings in the context of the broader 

literature, suggested alternative policy options to achieve health system aims, and 

highlighted areas in need of further research.
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9. Thesis Conclusions 
 

The current challenges facing health systems have increased the requirement 

and urgency of adapting health systems and services to better meet the needs of the 

21st century. Integrated care has been suggested as a means of accomplishing better 

health outcomes for those with long-term conditions and multimorbidity, increasing their 

satisfaction with services, while reducing costs. The current implementation of the 

concept predominantly through MDT case management, however, has not proven able to 

meet these multiple aims. The current financial climate might mean that other means of 

achieving prioritised aims are required in the short-term, with comprehensive primary 

care and population health strategies employed to better prevent/compress the negative 

effects of lifestyle-associated conditions in the longer-term.
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Appendices 

Appendix 1: Primary focus of integrated care in the NHS (England) 

 
  



Site Governance & Organisation Financing Resource management Service Delivery Primary focus: Quote: Notes
CCGs:

Harrow

•"Working closely" with Council (joint 

working) •GP Network development

•Pooled budgets (looking to 

develop - Integration 

Transformation Fund)

•Integrated IT (looking to 

develop) •Multi-agency safety 

Hub developed to co-locate social 

workers, police, education and 

health •Healthcare hubs to move 

some care out of hospital (looking 

to develop) •Risk stratification

•Case management, 'virtual 

wards' (GP-led MDT supporting 

self-management - focused on 

high admission diabetes/frail 

elderly) •Primary care mental 

health team •Intermediate care 

service (facilitated discharge) 

•Community outpatient 

pathways •Specialist palliative 

care pathway •Care homes CM MDT case management

"Integrated care focuses on services for patient with ongoing care needs, proactively 

supporting individuals to maintain fitness and independence across health and social 

care through active case management and support networks." ('NHS Harrow 

Commissioning Intentions 13/14' - 

http://www.harrowccg.nhs.uk/media/7039/harrow_commissioning_intentions_2013-

14.pdf)

Early work very centered around case management. Moving towards 'whole systems' 

integrated care model, at least in terms of planning. Part of NW London Integrated 

Care Pilot

Hardwick

•Joint commissioning (commited to 

strengthening)

•Specialist community 

centers/housing for dementia 

•Handyvan/trusted trader 

scheme •Frail Elderly Unit •Risk 

stratification

•Mental health pathways 

(developing) •Self-care support 

•Supporting carers •MDT case 

management of high-risk 

patients, 'virtual ward' •End of 

life care (developing) 

•Befriending schemes •Home 

care and enhanced out of hours

MDT care management 

(virtual ward)

"Hardwick CCG aims to continue to increase the number of patients who can be 

treated at home or in primary care through the virtual ward model...Having 

successfully rolled out this model during 2013 the CCG is working with patients and 

partner organisations to further develop the model, areas of work include dementia 

care, links to the voluntary and community sector and the launch of the falls 

partnership vehicle in November 2013" ('NHS HARDWICK CCG GOVERNING BODY 

MEETING, Tuesday 26 November 2013' - http://www.derbyshire.nhs.uk/ccg/GB-

Papers-nov-V3.pdf) Early work centered on virtual ward case management. Expanding to dementia care, 

and strengthening links with voluntary sector etc.

Airedale, Wharfdale And Craven

•Joint commissioning (ambition to 

implement)

•Devolved health and social care 

budget (working towards) •new 

tariff and funding model to 

incentivise care around person 

needs (ambition)

•IT and estates (in development - 

"back office systems which will be 

critical to enabling integration") 

•Risk stratification

•Telehealth/monitoring •Health 

and social care teams •Home 

care •MDT case management of 

high-risk •Collaborative mental 

health services (ambition) MDT case management

"Integrated care involves identifying people with complex and high risk needs and 

helping them to remedy issues before they become urgent and lead to unplanned 

hospital or care home admissions." (In Touch, News from the Bradford, Airedale, 

Wharfedale and Craven CCGs -http://www.airedalewharfedalecravenccg.nhs.uk/wp-

content/uploads/2013/07/InTouch-August-2013.pdf) Early focus on case management as central to integrated care. Ambitions detailed 

towards 'system transformation, with devolved budgets etc. Also a PIONEER site

Guildford And Waverley

•'Whole system partner group' (plan 

to implement to monitor and manage 

changes) •Risk stratification

•MDT case management teams, 

virtual ward (frail elderly) 

•Palliative care pathways 

•Telehealth/care for frail elderly 

(when appropriate) •home-based 

monitoring and support 

•discharge assessments

MDT care management 

(virtual ward)

“11.1.2. Integrated Care

Through the Local transformation Board, which involves all provider partners we are 

working 

together to create an integrate model of care that is patient centred rather than 

Provider centred

• Develop case management “Priority care” Model of care and multi-disciplinary 

community 

based teams

• Introduction of Frail Elderly pathway including Dementia and EOLC developments” 

('NHS Guildford and Waverley Clinical Commissioning Group

Integrated Commissioning Plan 2012/13 – 2015/16' - 

http://www.guildfordandwaverleyccg.nhs.uk/website/X09413/files/L1A-GU-1_1_w-

cover_sheet_TEMP.pdf)

Focus on high-risk case management, particularly frail elderly

Central Manchester

•Joint commissioning boards 

•Identified contracting and 

performance management 

environment as key enabler

•identified supportive financial 

framework as key enabler of 

integration

•Identified IT setup as key 

enabler •Graphnet for case 

managed patients (not fully 

utilised/rolled out yet) •Risk 

stratification

•'Manchester Integrated Care 

Gateway' (triage of referrals) 

•PICTs MDT case management 

hospital teams •Falls services 

•LTC pathways MDT case management

“• Integrating Care 

This section describes the key features of our approach and sets out our priorities, 

including progress in developing Integrated care teams for high risk patients.” ('Central 

Manchester CCG Commissioning Plan' - 

http://www.manchester.nhs.uk/document_uploads/Commissioning/Central%20Manc

hester%20CCG%20Commissioning%20plan%20final.pdf)

Focus on MDT case management for now. DevoManc and Healthier Together 

(PIONEER programme) are both focused on wider system transformation e.g. pooled 

budget etc.

Lincolnshire West •Joint commissioning

•section 75 framework enabling 

easy transfer of resources 

between partners •Risk 

stratification

•Frailty pathway •integrated 

community teams - MDT case 

management (targeting elderly) MDT case management

"As a CCG we are continually working to improve the quality of care for our

patients. Some of our achievements to date include:

• Development of an Integrated Frailty Pathway

• Introduction of integrated community teams” ('Lincolshire West CCG, Our healthcare 

plan 2013/14' - http://www.lincolnshirewestccg.nhs.uk/document-

library/cat_view/104-key-documents/131-public-information)

Primarily elderly focus

Bromley •Joint commissioning

•incentive schemes for 

prescribing/ case management of 

complex and vulnerable in own 

home

•Section 256 agreement for joint 

resource development with 

Council •integrated IT (working 

towards) •Risk stratification

•MDT case management 

(ProMISE - focused on frail 

elderly high-risk) •Self-care, 

telehealth, comprehensive falls 

prevention service (piloting) 

•Intermediate care services 

(working towards stepping up) 

•End of life care MDT case management

"Our key work programme for Long Term Conditions is our ProMISE (Proactive

Management and Integrated Services for the Elderly) programme." ('Bromley CCG 

Integrated Plan 2012-15' - 

http://www.bromleyccg.nhs.uk/NewsPublications/Policies/Policies/Bromley%20CCG%

20Integrated%20Plan%202012-15.pdf) “3.2.2 Integrated Care Establishes clearly 

defined teams of professionals within specified localities to improve communication 

and learning between the various professional disciplines. This will lead to more 

streamlined, better co-ordinated services.” ('ProMISE Business Case' - 

http://www.bromleyccg.nhs.uk/about/ourboard/Papers/Enc%2005%20-

%20proMISE%20Business%20Case.pdf)

MDT focused, and case management within that. Talk of moving towards 'whole 

system integration' in the future, learning from NW London specifically

Chiltern •Joint commissioning

•shared records (working 

towards) •111 service in 

combination with social care 

(developing) •Risk stratification

•self-care support •falls 

reduction project •telehealth/ 

telecare MDT case management

“develop increased integration between health, including mental health, and social 

care services, building on the agreement to work together “as if a single organisation”. 

Practical schemes include the introduction of “multi-agency groups” in GP Practices” 

('NHS CHILTERN CLINICAL COMMISSIONING GROUP OPERATIONAL PLAN 2013/14' - 

http://www.chilternccg.nhs.uk/practices/bpcc/Operational-Plan-VF1-120413---Final-

2.pdf)

Case management focused with desire to improve 'integrated IT' especially

North East Essex •Joint commissioning and contracting

•Pooled health and social care 

budget

•Integrated IT (planned to set up 

and implement by Sept 2013) 

•Integrated Pathway Hub 

•Integrated urgent care centre 

•single point of referral engine 

•Risk stratification

•primary care mental health 

services •Frailty pathway •Virtual 

wards - MDT case management

Pooled budget/ MDT case 

management

“Integrated care:  3.32 The integration of the provision of services, including the 

pooling of budgets to reflect local need, should be an explicit consideration in local 

area planning." ('Everyone Counts Planning for Patients 2013/14' - 

http://www.neessexccg.nhs.uk/library_uploads/files/everyonecounts-planning.pdf) Pooled budgets considered key component enabling delivery of integrated care to 

patient, primarily through case management



West London (K&C & Qpp)

• Integrated Primary Care Mental 

Health Service •Joint commissioning 

(for certain services e.g. elderly)

•Pooled budget (for certain 

services e.g. elderly)

•Provider Network Hubs (being 

developed for co-location) 

•Integrated IT with patient access 

(planned) •Risk stratification

•MDT case management (high-

risk) •Rapid Response and 

Community Independence 

Service for urgent responses 

•Wellbeing promotion (working 

with voluntary sector - ambition 

to axpand approach) 

•Intermediate care teams 

(discharge planning) •Telehealth 

(planned) •Medicines support MDT case management

"“Putting Patients First is our approach to delivering integrated care for patients with 

long-term or complex needs who are likely to be frequent users of health and social 

care services and at risk of emergency admission to hospital." ('An introduction to your 

local Clinical Commissioning Group (CCG)' - 

http://www.westlondonccg.nhs.uk/media/6385/wlccg_prospectus.pdf) Initially focused on MDT case management and reducing admissions of high-risk, but 

again broadening to try and move towards 'whole system'

Lancashire North •Joint commissioning

•Transitional Care Pathway 

•Integrated education teams Joint commissioning/planning

"5.2.12. Act with a view to promoting integration of both health services with other 

health services and health services with health-related and social care services where 

the Group considers that this would improve the quality of services or reduce 

inequalities" ('NHS LANCASHIRE NORTH CLINICAL COMMISSIONING GROUP 

Constitution version 2.4' - http://www.lancashirenorthccg.nhs.uk/download/corporate-

documents/LNCCG%20Constitution%20v2.4-55883.pdf)

Early focus on working with other services to plan

Bristol

•Locality meetings •LTC/Frail Elderly 

workstreams

•Investment in out of hospital 

care/7-day working (planned) 

•Investing in 'real-time 

information systems (planned) 

•Risk stratification

•MDT case management •Co-

ordinating nurse leader in 

practice •Self-care •Geriatricians 

in community setting •Primary 

care input to emergency 

departments •Re-ablement & 

rehab services MDT case management

"Our goal is to deliver a practice-based approach to case management that integrates 

across the health system." ('Bristol CCG Full Integrated Plan' - 

http://www.bristolccg.nhs.uk/media/4571/full_integrated_plan.pdf)

Case management focused

Eastern Cheshire

•Working together across sectors 

•Joint commissioning

•Care co-ordination hub 

supporting case management 

•Single point of referral 

•Integrated IT & shared records 

•Risk stratification

•MDT case management •self-

management support •Assistive 

technology •Shared decision 

making •Telehealth

MDT case 

management/Whole system

"It will create a shared view of the population’s health and social care needs and will 

drive improvements by identifying those most at risk and vulnerable. This will be 

supported by a care co-ordination service providing a central point of information and 

access, the sharing of information and the use of new technologies to monitor some 

health conditions remotely." ('Inspiring better health and wellbeing 2013/14 

Prospectus' - 

http://www.easterncheshireccg.nhs.uk/downloads/publications/Strategies/Eastern%2

0Cheshire%20Prospectus%202013%20-%20FINAL2.pdf) Case management as focal point - mentioned learning from Kaiser Permanente. 

Additional ' whole system' integration enablers e.g. IT

East Riding Of Yorkshire

•Joint planning •Integrated discharge 

steering group

•Integrated primary care centre 

•24/7 nursing care for dementia 

(developing) •Risk stratification

•Pathways for ACSCs •Integrated 

hospital team •Re-ablement 

schemes •MDT case management 

•MM clinics (devloping) •self-

care support •Dementia model 

•Telehealth •Homecare •End of 

life care •Systemised 

management of LTCs Self-care/MDT case management

"Delivery of an overall 10% reduction in non-elective admissions for patients with a 

long term condition by 2014. Delivered by •Risk stratification and multi-disciplinary 

team working will be rolled out to all practices across Hull and the East Riding 

•Systemised approach to management of patients with Long Term Conditions and 

other specific conditions agreed and implemented •Increased access to effective 

pulmonary rahabilitation by end 2012/13" ('OPERATING PLAN 2012 – 17, version 5.1' -  

http://www.eastridingofyorkshireccg.nhs.uk/data/uploads/publications/eryccg-

operating-plan-2012-2017.pdf)

Focus on case management as integration, and self-management as preventer of 

need for case management

Bradford Districts •Joint commissioning

•Grants for primary care, social 

care, voluntary sector to 

incentivise integrated working 

practices

•Risk-stratification tool 

•Integrated IT (for case 

management - developing) 

•Telehealth hub

•MDT case management •Virtual 

ward from hospitals (discharge 

focus) •Self-care support 

•Medication review 

•Telemedicine MDT case management

"Bradford Districts and City CCGs where the integrated case management approach is 

live, and where agreed approaches are currently in development." ('Integrated Care 

Newsletter May 2013' - http://www.bradforddistrictsccg.nhs.uk/wp-

content/uploads/2013/05/Integrated-care-newsletter-May-2013.pdf) CCG has defined integrated care in terms of patient experience and says that in 

practice this is case management

Leeds North

•Joint planning •Joint commissioning 

(working towards)

•Risk stratification •Shared 

records (pilot - plus online access 

for patient)

•MDT case management •Home 

care •Integrated urgent care 

pathways •Telecare/medicine 

•Systematic self-management 

support MDT case management

"Integrated provision of health and social care: Bringing together health and social 

care professionals to provide integrated care. 

Integrated services will support those with long term conditions or with a need for on-

going care through personalised tailored care" ('Leeds North Clinical Commissioning 

Group Clear and Credible Plan 2013/14 – 2015/16' - 

http://www.leedsnorthccg.nhs.uk/Downloads/About%20us/Clear%20and%20Credible

%20Plan.pdf) MDT case management focused. View to add shared IT records etc to support, and 

self-care to prevent

Newbury And District •Joint commissioning

•Risk stratification •Shared record 

(developing)

•(MDT) Case management 

•Telecare •Self-care •Disease 

management (MDT) case management

"Community based care co-ordinators will use a risk stratification tool to 

identify patients who would most benefit from individualised support and 

care planning. 

This may involve a multi-disciplinary team (including Local Authority 

social care.)

High risk patients will have a proactive care plan. Less people will be 

admitted as an emergency associated with disease progression." ('Newbury & District 

Clinical Commissioning Group, COMMISSIONING PLAN 2013/14' - 

http://www.newburyanddistrictccg.nhs.uk/images/publications/PDFs/NDCCG_Commis

sioning_Plan_2013-14_FINAL_v1.3.pdf) Case management (which may go towards MDT, but starting GP/case manager-led) 

and joint commissioning focus

South Devon And Torbay

•Pairing care homes with GP 

practices and community teams

•MDT case management (virtual 

ward - input from hospital) 

•Home care •Mental health 

integration in primary care 

•Community nursing •Self-care

MDT care management 

(virtual ward)

"In 2012 we won both the NHS Alliance

Acorn Award and the NAPC Vision Award for integrated care, for our

work on ‘virtual wards.’ These focus on those people who have long-term

health conditions and are most at risk of needing to be admitted to

hospital if their condition worsens. The virtual wards aim to make sure they

get the treatment and care they need so that they can stay well enough to

remain in their own home." ('About Us, South Devon and Torbay CCG 2013' - 

http://southdevonandtorbayccg.nhs.uk/index.php/about-us/op/185-south-devon-and-

torbay-ccg-2013)

Virtual ward pioneers. Case management with strong vertical integration



Bradford City

•Trasformational investment 

fund for pump priming new 

models

•Shared case management 

records •Risk stratification

•MDT case management •Self-

care support •Virtual ward for 

LTCs/elderly by hospital staff 

(intermediate care) MDT case management

"Working in an integrated way helps organisations to support people 

as individuals, rather than focusing on only one part of the person at 

a time. It involves identifying people with the most complex and high 

risk needs and helping them to remedy issues before they become 

urgent and lead to unplanned hospital admissions." ('Bradford City CCG Prospectus 

2013' - http://www.bradfordcityccg.nhs.uk/wp-content/uploads/2013/05/NHS-Bfd-

City-CCG-prospectus.pdf) Focus on the DES for risk stratification and MDT case management

Central London (Westminster)

•Co-design •Joint commissioning 

•Dermatology re-tender •Aggregated 

'networks of care' based on GP lists

•Integration Transformation 

Fund, single pooled budget 

health and social (planned)

•Respiratory 

services/gynaecology/district 

nursing redesign •New 

wheelchair service •Sharing of 

homelessness data •Sared 

reecords (starting process)

•MDT case management •Home 

care •Telehealth •Discharge 

teams MDT case management

"Description of approach

A network of integrated services will be delivered by a multi-disciplinary team who will 

work in an together to ensure the patient pathway is seamless, reduces duplication of 

assessment and ensures the correct outcomes are achieved." ('Central London CCG 

Commissioning Intentions, version 3.0' - 

http://www.centrallondonccg.nhs.uk/media/9276/nhscl_ccg_commissioning_intentio

ns_v3_0_final_iteration_dec_13.pdf)

MDT case management focus, moving towards 'whole system integration'

Dorset •MDT case management (MDT) case management

"Key priorities for delivery in 2013/14 are:

•  implementation of integrated teams- expansion of district nursing,

intensive case managers" ('NHS Dorset Clinical Commissioning Group

Annual delivery plan 2013/14' - 

http://www.dorsetccg.nhs.uk/Downloads/aboutus/annual%20delivery%20plan%20FIN

AL%20low%20res%20version.pdf) Early stage of implementing. Appears to focus on going from single to MDT case 

management. Little details though

ICPs:

16 sites

•Formation of single primary and 

secondary care Trusts •Joint 

Commissioning •Pooled budgets

•Shared case management 

records •Risk stratification •Co-

location  •Care Hub 

•MDT case management •End of 

life care •Hospital-at-home 

•Virtual wards 

•Dementia/mental-health 

specific services •Rapid response 

teams •Falls prevention •Self-

management support 

•Prevention services (MDT) case management

"Most sites adopted some approach that identified populations – the risk in question 

varied between sites, with the commonest being people at risk of emergency hospital 

admission. The chosen interventions varied, but a common feature was use of an 

integrated or multidisciplinary team, with implementation

strategies varying from regular meetings between different professionals involved 

with same patients, to a single, multiprofessional team working within the same 

building. The virtual ward (a forum in which a patient who is not present is discussed, 

often by a number of professionals from different specialities) was implemented in a 

number of sites. Methods by which patients were identified for admission, processes 

for operating virtual wards and the

level of intensity of additional patient care varied between sites. Most commonly, 

virtual wards were maintained through a key worker or case manager who visited 

patients and reported back to other clinicians involved in the patient’s care through 

multidisciplinary team (MDT)

meetings. Other variations of case management were also used, including one in 

which a primary professional was assigned to coordinate care for a patient or a group 

of patients across organisations." ('National Evaluation of the Department of Health’s 

Integrated Care Pilots FINAL REPORT: FULL VERSION' - 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/215

103/dh_133127.pdf)

Some mix of models, but majority focused on MDT case management. Evaluation 

report details a number barriers met when sites had originally planned to implement 

wider organisational/structural integration

PIONEERS:

25 sites

•GP Networks •Joint 

commissioning/planning •Involving 

voluntary sector •Removing financial disincentives

•Single points of referral 

•Community hubs (co-location)  

•Community care hubs (for high-

risk patients) •Integrated 

discharge arrangements •Risk 

stratification •Shared records 

•Developing blended workforce 

roles

•MDT case management •Virtual 

wards •Self-care support •Patient 

education (prevention) 

•Incorporating mental health and 

dementia services •Telehealth

Whole system 

integration'/MDT case 

management

"3.1.1.2 Multi-disciplinary working

As described in the pioneer’s individual profiles, all are developing new ways for

practitioners to work together around the individual. Although exact team

configurations vary according to local need, typical features of an integrated care 

model include the use of joint assessment and care planning, with accountability 

resting with a lead professional.

Single points of referral or access are common too, often maximising the use of

technology. Cornwall, for example, developed a ‘community line’ which is manned by 

volunteers and provides a trusted link between local multi-disciplinary teams, key 

workers and local resources. South Devon and Torbay is also developing a single point 

of access with a unified call centre, services directory, e-hub and website."                      

"The importance of prevention is now well understood. The pioneers’ care models aim 

to increase people’s ability to manage their own health, for example through 

increasing patients’ access to information, encouraging them to make healthier 

choices or involving them in decisions about their own care, which research shows 

increases wellbeing and satisfaction."   ('Integrated Care and Support Pioneer 

Programme Annual Report 2014' - 

http://www.local.gov.uk/documents/10180/6927502/Integrated+Care+Pioneer+Progr

amme+Annual+Report+2014/76d562c3-4f7d-4169-91bc-69f7a9be481c)       Year 2 

report: "Many of the highlights reported by pioneers have taken 18 months to come to 

fruition, sometimes longer, as sites continue to grapple with the balance of short-term 

operational requirements and longerterm sustainable transformation." ('People 

helping people Year two of the pioneer programme' - 

https://www.england.nhs.uk/pioneers/wp-content/uploads/sites/30/2016/01/pioneer-

programme-year2-report.pdf)

Still, predominant shared model is MDT working, and case management. But, more 

recognition and emphasis given to the barriers and facilitators to integration e.g. 

payment, governance, IT, workforce transformation etc. Many of the PIONEER sites 

are building other aspects into their care models therefore, e.g. larger GP networks, 

co-location in hubs, prevention focus with patient education, self-management 

support etc.   Criteria for selection this time included 'whole system integration'

Vanguards:
MDT case management still key part of most. Interestingly, some moving down to 

less 'at risk' patients, e.g. Erewash/Sunderland MDT prevention team



Integrated primary and acute care 

systems (9 sites)

•Formation of single health & social 

care organisation

•Capitation-based contracts 

•Single pooled budgets

•Shared records •Primary care 

hubs •Co-location •7-day Primary 

Care •Rationalised hospital sector

•MDT case management 

•Intermediate care teams •Crisis 

response teams •Specialty triage 

•Health coaching •Telehealth 

•Discharge planning •Self-care 

support

•Co-location/MDT case 

management

"Integrated primary and acute care systems – joining up GP, hospital, community and 

mental health services" ('Integrated primary and acute care systems vanguard sites' - 

https://www.england.nhs.uk/ourwork/futurenhs/new-care-models/primary-acute-

sites/)

9 sites. Wirral Partners: MDT case management focused on elderly at risk of falls - 

keeping them at home. Mid Nottinghamshire: Move to capitated contract for all 

providers, integrated ED, locality based MDT case management, intermediate care 

teams, crisis response teams, specialty triage for referral, shared IT. South Somerset: 

single budget, three hubs with co-location of primary and secondary care (for MDT 

case management of MM patients), health coaching for less complex patients, 

remote monitoring, shared access to records online. Nothumberland: Primary care 

hubs, open 7 days, co-ordinated discharge, shared IT. Salford: Formation of single 

Integrated Care Organisation, MDT case management, working with voluntary sector 

(socially isolated people as target), single point of contact e.g. health coaching, 

information and support. Morecambe Bay: Single budget for health and care, smaller 

hospital service. North East Hampshire and Farnham: Shared resources and skills 

across health and social care, MDT case management (respiratory and cardiac focus). 

Harrogate: community hubs, MDT case management, 24/7 access to support. Isle of 

Wight: Telehealth, single point of access, self-management and monitoring

Multispecialty community 

provider (14 sites)

•Primary care partnership 

organisations

•Capitated outcomes-based 

contracting

•Shared records •24-hour Urgent 

care centre

•MDT case management •MDT 

prevention teams •Extended 

access to GP (7-days) •Self-care 

support •Discharge planning 

•Regular check-up appointments 

•Longer consultations for most 

complex •Home care

•Extended hours GP/MDT 

case management

"Multispecialty community providers – moving specialist care out of hospitals into the 

community" ('Multispecialty community providers vanguard sites' - 

https://www.england.nhs.uk/ourwork/futurenhs/new-care-models/community-sites/)

14 sites. Calderdale: single point of access, MDT case management. Erewash: MDT 

prevention team (focus on those who do not require hospital services), extending 

access to GP services, shared records for most vulnerable patients. Fylde Coast: MDT 

case management (frail and elderly), shared IT record. Birmingham & Sandwell: Care 

co-ordinator (case manager), extended primary care services including outpatient and 

diagnostic services. West Wakefield: MDT case management (team of care 

navigators), shared IT records, 7 day service. Sunderland: MDT care and prevention 

team, self-care. Dudley: MDT case management (frail/LTCs), 24-hour urgent care 

centre (single point of access). Whitstable: Trained care workers (working with MDT) 

case management, technology enabling. Stockport: Single point of access for urgent 

care (integrated with community teams), MDT case management (complex/end of 

life). Tower Hamlets: MDT case management. Southern Hampshire: self-management 

encouragement, discharge planning, regular check-up appointments, shared IT 

record. West Cheshire: 3 programmes focusing on different groups, children, MDT 

case management (LTCs, frail/complex). Northamptonshire: urgent care model, 

ambulatory care service, LTC management service, GP-led MDT case management 

(complex care), outpatient and planned care services, MDT primary care, most 

vulnerable 7% - longer in-depth consultations with enhanced continuity of care-, 

home care. Southern Nottinghamshire: primary care partnership organisation taking 

contractual responsibility for health, quality and costs of care with capitated 

outcomes-based resource allocation contract, MDT case management.

Devolution:

DevoManc

•Single shared services creation •Joint 

commissioning

•Pooled health & social care 

budget (£6 billion estimated) 

•Contracting and payment 

design

•Shared records •Rationalised 

hospital services •Navigation 

hubs

•MDT case management 

•Population health prevention 

•Self-care support •Mental 

health service integration

•Pooled budget/ MDT case 

management

"Key features will be targeted case management of the population most in need 

delivered by upskilled multi-disciplinary teams, together with streamlined discharge 

planning in order to reduce the demand placed on acute hospitals." ('Taking charge of 

our health and social care in reater Manchester. The Plan FINAL DRAFT, version 11.3' - 

http://www.gmhealthandsocialcaredevo.org.uk/assets/GM-Strategic-Plan-Final.pdf)

Main focus is more macro/meso level changes. 1. Pooled budget, but also devolving 

power with these finances. Attempt to make it easier to overcome these national 

barriers to integration at scale? 5 areas of focus identified in strategic plan: '1 Radical 

upgrade in population health prevention (self-management, pharmacy and 

prescribing, plus tackle burden of CVD and diabetes). 2 Transforming community 

based care & support (care closer to home, integrated primary, acute, community, 

mental health and social care. "Key features will be targeted case management of the 

population most in need delivered by upskilled multi-disciplinary teams, together 

with streamlined discharge planning in order to reduce the demand placed on acute 

hospitals."). 3 Standardising acute & specialist care (single shared services creation, IT 

standardised). 4 Standardising clinical support and back office services (coordination 

centres to help patients navigate services). 5 Enabling better care ("creation of 

innovative organisational forms, new ways of commissioning, contracting and 

payment design and standardised information management and technology to 

incentivise ways of working across GM, so that our ambitious aims can be realised").'
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Appendix 2: Chapter 5 Supplementary files 
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S1 APPENDIX: FULL MEDLINE SEARCH STRATEGY 

 

 Keywords 

1 Family Practice/ 

2 Primary Health Care/ 

3 Physicians, Family/ 

4 Community Health Services/ 

5 Community Dentistry/ 
 

6 Community Health Nursing/ 
 

7 Community Mental Health Services/ 

8 Community Pharmacy Services/ 

9 Home Care Services/ 

10 Community Mental Health Centers/ 

11 family pract$.tw. 
 

12 general practice$.tw. 

13 community based.tw. 
 

14 community care.tw. 
 

15 family medicine.tw. 
 

16 family physician$.tw. 
 

17 primary care.tw. 
 

18 (primary health care or primary healthcare).tw. 
 

19 family doctor$.tw. 
 

20 primary medical care.tw. 
 

21 general physician$.tw. 
 

22 general practitioner$.tw. 
 

23 primary care practitioner$.tw. 
 

24 (community adj (health or healthcare or health care)).tw. 
 

25 primary healthcare team$.tw. 
 



2 
 

26 primary health care team$.tw. 
 

27 primary medical care team$.tw. 
 

28 practice nurse$.tw. 
 

29 practice manager$.tw. 
 

30 (gpsi or gpwsi).tw. 
 

31 (practitioner$ adj3 special interest$).tw. 
 
 

32 (primary care or primary health care or general practice or family practice or family medicine).nw. 
 

33 or/1-32 
 

34 case management.tw. 
 

35 care management.tw. 
 

36 care co?ordination.tw. 
 

37 collaborat* care.tw. 
 

38 collaborat* practice.tw. 
 

39 virtual ward*.tw. 
 

40 care integrat*.tw. 
 

41 care team?.tw. 
 

42 co?ordinated care.tw. 
 

43 multidisciplin* care.tw. 
 

44 interdisciplin* care.tw. 
 

45 multidisciplin* team?.tw. 
 

46 interdisciplin* team?.tw. 
 

47 multidisciplin* management.tw. 
 

48 interdisciplin* management.tw. 
 

49 (integrated adj4 care).tw. 
 

50 exp Patient Care Team/ 
 

51 care plan*.tw. 
 

52 practice team?.tw. 
 



3 
 

53 exp Patient Care Planning/ 
 

54 exp "Delivery of Health Care, Integrated"/ 
 

55 or/34-54 
 

56 randomized controlled trial.pt. 
 

57 controlled clinical trial.pt. 
 

58 multicenter study.pt. 
 

59 (randomis* or randomiz* or randomly allocat* or random allocat*).ti,ab. 
 

60 groups.ab. 
 

61 (trial or multicenter or multi center or multicentre or multi centre).ti. 
 

62 (intervention* or controlled or control group or compare or compared or (before adj5 after) or (pre adj5 
post) or pretest or pre test or posttest or post test or quasiexperiment* or quasi experiment* or 
evaluat* or effect or impact or time series or time point? or repeated measur*).ti,ab. 
 

63 or/56-62 
 

64  
exp Animals/ 
 

65 Humans/ 
 

66 64 not (64 and 65) 
 

67 review.pt. 
 

68 meta analysis.pt. 
 

69 news.pt. 
 

70 comment.pt. 
 

71 editorial.pt. 
 

72 cochrane database of systematic reviews.jn. 
 

73 comment on.cm. 
 

74 (systematic review or literature review).ti. 
 

75 or/66-74 
 

76 63 not 75 
 

77 33 and 55 and 76 
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S2 APPENDIX: FOREST PLOTS FOR SUBGROUP ANALYSES* 
 

* No significant results remain following Holm-Bonferroni correction for multiple comparisons 

 

MULTIDISCIPLINARY TEAM VERSUS SINGLE CASE MANAGER 

 

NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 63.6%, p = 0.001)

Ploeg 2010

Sledge 2006

Subtotal  (I-squared = 78.0%, p = 0.000)

Schraeder 2001

Study

Burns 1995

Subtotal  (I-squared = 0.0%, p = 0.504)
Toseland 1996

MDT
Bernabei 1998
Bird 2010

Boyd 1996
single

Fitzgerald 1994

Dorr 2008
Fan 2012

Shannon 2006

0.08 (-0.03, 0.19)

0.00 (-0.14, 0.15)

0.14 (-0.26, 0.54)

0.01 (-0.13, 0.16)

0.05 (-0.41, 0.51)

size (95% CI)

0.27 (-0.08, 0.61)

0.20 (0.05, 0.35)
0.37 (0.06, 0.67)

0.03 (-0.25, 0.30)
0.52 (-0.07, 1.11)

-0.10 (-0.63, 0.43)

-0.00 (-0.15, 0.15)

0.11 (0.03, 0.18)
-0.31 (-0.50, -0.12)

0.33 (0.10, 0.56)

Effect

100.00

13.02

5.24

65.86

4.28

Weight

6.32

34.14
7.24

8.15
2.90

3.42

12.79

15.77
11.25

9.61

%

0.08 (-0.03, 0.19)

0.00 (-0.14, 0.15)

0.14 (-0.26, 0.54)

0.01 (-0.13, 0.16)

0.05 (-0.41, 0.51)

size (95% CI)

0.27 (-0.08, 0.61)

0.20 (0.05, 0.35)
0.37 (0.06, 0.67)

0.03 (-0.25, 0.30)
0.52 (-0.07, 1.11)

-0.10 (-0.63, 0.43)

-0.00 (-0.15, 0.15)

0.11 (0.03, 0.18)
-0.31 (-0.50, -0.12)

0.33 (0.10, 0.56)

Effect

100.00

13.02

5.24

65.86

4.28

Weight

6.32

34.14
7.24

8.15
2.90

3.42

12.79

15.77
11.25

9.61

%

Favours usual care  Favours case management 
0 1.5-.5-1

MDT versus single case manager
Mortality (short-term)
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NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 40.0%, p = 0.067)

Study

Stuck 2000
van Hout 2010

Schraeder 2001

Coburn 2012

Subtotal  (I-squared = 54.1%, p = 0.042)

Toseland 1996

Burns 1995

Kruse 2010

Counsell 2007
Morishita 1998

Dalby 2000
Dorr 2008

Boult 2008

Gravelle 2007

MDT

Subtotal  (I-squared = 25.6%, p = 0.242)

single

0.03 (-0.04, 0.09)

size (95% CI)

-0.26 (-0.58, 0.06)
0.03 (-0.13, 0.18)

-0.19 (-0.44, 0.06)

0.09 (0.00, 0.19)

0.01 (-0.08, 0.10)

0.19 (-0.12, 0.50)

0.36 (-0.04, 0.76)

0.01 (-0.20, 0.22)

0.03 (-0.10, 0.16)
0.02 (-0.14, 0.19)

-0.21 (-0.54, 0.12)
0.10 (0.03, 0.17)

0.07 (-0.15, 0.29)

-0.21 (-0.46, 0.04)

0.04 (-0.06, 0.14)

Effect

100.00

Weight

3.36
9.91

5.02

15.44

61.61

3.60

2.34

6.53

12.10
9.14

3.25
18.03

6.19

5.10

38.39

%

0.03 (-0.04, 0.09)

size (95% CI)

-0.26 (-0.58, 0.06)
0.03 (-0.13, 0.18)

-0.19 (-0.44, 0.06)

0.09 (0.00, 0.19)

0.01 (-0.08, 0.10)

0.19 (-0.12, 0.50)

0.36 (-0.04, 0.76)

0.01 (-0.20, 0.22)

0.03 (-0.10, 0.16)
0.02 (-0.14, 0.19)

-0.21 (-0.54, 0.12)
0.10 (0.03, 0.17)

0.07 (-0.15, 0.29)

-0.21 (-0.46, 0.04)

0.04 (-0.06, 0.14)

Effect

100.00

Weight

3.36
9.91

5.02

15.44

61.61

3.60

2.34

6.53

12.10
9.14

3.25
18.03

6.19

5.10

38.39

%

Favours usual care  Favours case management 
0 1.5-.5-1

MDT versus single case manager
Mortality (long-term)
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NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 35.1%, p = 0.094)

Subtotal  (I-squared = 41.3%, p = 0.103)

Gagnon 1999

Sledge 2006
Morishita 1998

De Stampa 2014

Ploeg 2010

Fan 2012

Study

Leung 2004

Rubenstein 2007

MDT

Toseland 1996

Burns 1995

van Hout 2010

Newcomer 2004

Metzelthin 2013

Bernabei 1998

Subtotal  (I-squared = 0.0%, p = 0.514)

single

0.07 (0.00, 0.14)

0.14 (0.01, 0.27)

0.08 (-0.14, 0.31)

0.07 (-0.39, 0.52)
0.17 (0.01, 0.34)

0.48 (0.06, 0.89)

0.06 (-0.08, 0.21)

Effect

0.07 (-0.20, 0.35)

size (95% CI)

-0.05 (-0.30, 0.19)

0.11 (-0.03, 0.25)

0.12 (-0.19, 0.43)

0.30 (-0.04, 0.65)

-0.08 (-0.23, 0.07)

0.00 (-0.07, 0.07)

-0.07 (-0.29, 0.14)

0.34 (0.06, 0.62)

0.02 (-0.03, 0.07)

100.00

37.46

6.43

1.92
9.53

2.26

10.91

%

4.69

Weight

5.57

11.48

3.76

3.10

10.33

18.71

6.81

4.51

62.54

0.07 (0.00, 0.14)

0.14 (0.01, 0.27)

0.08 (-0.14, 0.31)

0.07 (-0.39, 0.52)
0.17 (0.01, 0.34)

0.48 (0.06, 0.89)

0.06 (-0.08, 0.21)

Effect

0.07 (-0.20, 0.35)

size (95% CI)

-0.05 (-0.30, 0.19)

0.11 (-0.03, 0.25)

0.12 (-0.19, 0.43)

0.30 (-0.04, 0.65)

-0.08 (-0.23, 0.07)

0.00 (-0.07, 0.07)

-0.07 (-0.29, 0.14)

0.34 (0.06, 0.62)

0.02 (-0.03, 0.07)

100.00

37.46

6.43

1.92
9.53

2.26

10.91

%

4.69

Weight

5.57

11.48

3.76

3.10

10.33

18.71

6.81

4.51

62.54

Favours usual care  Favours case management 
0 1.5-.5-1

MDT versus single case manager
Self-rated health (short-term)
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NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 79.2%, p = 0.000)

Sylvia 2008
Toseland 1996
Subtotal  (I-squared = 82.3%, p = 0.000)

Leung 2004

Bernabei 1998

Rodenas 2008
Morishita 1998
Martin 2004

Sledge 2006

Newcomer 2004
Fitzgerald 1994

Levine 2012

Shannon 2006

Burns 1995
Boult 2008

Study

Subtotal  (I-squared = 69.2%, p = 0.021)

MDT

Ploeg 2010

Enguidanos 2006

single

-0.08 (-0.22, 0.05)

-0.08 (-0.43, 0.26)
-1.01 (-1.32, -0.70)
-0.10 (-0.30, 0.10)

-0.19 (-0.43, 0.05)

0.34 (0.03, 0.65)

0.12 (-0.21, 0.46)
0.28 (0.01, 0.55)
-0.39 (-0.81, 0.03)

-0.48 (-0.88, -0.08)

0.00 (-0.15, 0.15)
0.07 (-0.09, 0.22)

0.05 (-0.18, 0.28)

-0.40 (-0.66, -0.14)

-0.10 (-0.50, 0.29)
0.09 (-0.06, 0.24)

size (95% CI)

-0.04 (-0.20, 0.11)

0.03 (-0.12, 0.18)

0.05 (-0.41, 0.51)

Effect

100.00

5.50
5.95
69.89

6.77

5.91

5.63
6.45
4.72

4.91

7.84
7.82

6.95

6.57

4.96
7.83

Weight

30.11

7.88

4.32

%

-0.08 (-0.22, 0.05)

-0.08 (-0.43, 0.26)
-1.01 (-1.32, -0.70)
-0.10 (-0.30, 0.10)

-0.19 (-0.43, 0.05)

0.34 (0.03, 0.65)

0.12 (-0.21, 0.46)
0.28 (0.01, 0.55)
-0.39 (-0.81, 0.03)

-0.48 (-0.88, -0.08)

0.00 (-0.15, 0.15)
0.07 (-0.09, 0.22)

0.05 (-0.18, 0.28)

-0.40 (-0.66, -0.14)

-0.10 (-0.50, 0.29)
0.09 (-0.06, 0.24)

size (95% CI)

-0.04 (-0.20, 0.11)

0.03 (-0.12, 0.18)

0.05 (-0.41, 0.51)

Effect

100.00

5.50
5.95
69.89

6.77

5.91

5.63
6.45
4.72

4.91

7.84
7.82

6.95

6.57

4.96
7.83

Weight

30.11

7.88

4.32

%

Favours usual care  Favours case management 
0 1.5-.5-1

MDT versus single case manager
Utilisation of primary care (short-term)
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NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 39.6%, p = 0.027)

Subtotal  (I-squared = 41.9%, p = 0.099)

MDT

Counsell 2007

Toseland 1996
Sylvia 2008

Fitzgerald 1994

Sledge 2006

Burns 1995

Schraeder 2001

Levine 2012

Ploeg 2010

Enguidanos 2006
De Stampa 2014

Fan 2012

Leung 2004

Gagnon 1999

Bird 2010

single
Dorr 2008

Newcomer 2004

Shannon 2006

Subtotal  (I-squared = 39.8%, p = 0.056)

Bernabei 1998

Boult 2008

Rubenstein 2007

Study

Martin 2004
Rodenas 2008

0.04 (-0.02, 0.10)

0.01 (-0.06, 0.09)

-0.05 (-0.32, 0.21)

-0.01 (-0.32, 0.30)
0.23 (-0.12, 0.58)

0.02 (-0.13, 0.17)

0.19 (-0.21, 0.59)

0.19 (-0.16, 0.54)

-0.10 (-0.26, 0.06)

0.19 (-0.04, 0.41)

0.19 (0.04, 0.34)

-0.03 (-0.35, 0.30)
0.16 (-0.25, 0.57)

-0.01 (-0.20, 0.18)

-0.10 (-0.34, 0.14)

-0.12 (-0.31, 0.07)

0.54 (0.12, 0.97)

Effect

-0.09 (-0.24, 0.06)

0.00 (-0.09, 0.10)

0.30 (-0.05, 0.65)

0.08 (-0.02, 0.17)

0.30 (0.02, 0.58)

0.13 (-0.07, 0.33)

-0.01 (-0.16, 0.14)

size (95% CI)

-0.37 (-0.79, 0.04)
0.19 (-0.15, 0.52)

100.00

51.69

3.75

2.90
2.42

7.03

1.92

2.43

6.84

4.49

7.26

2.70
1.86

5.60

4.13

5.61

1.74

%

7.08

9.64

2.36

48.31

3.42

5.33

7.13

Weight

1.83
2.55

0.04 (-0.02, 0.10)

0.01 (-0.06, 0.09)

-0.05 (-0.32, 0.21)

-0.01 (-0.32, 0.30)
0.23 (-0.12, 0.58)

0.02 (-0.13, 0.17)

0.19 (-0.21, 0.59)

0.19 (-0.16, 0.54)

-0.10 (-0.26, 0.06)

0.19 (-0.04, 0.41)

0.19 (0.04, 0.34)

-0.03 (-0.35, 0.30)
0.16 (-0.25, 0.57)

-0.01 (-0.20, 0.18)

-0.10 (-0.34, 0.14)

-0.12 (-0.31, 0.07)

0.54 (0.12, 0.97)

Effect

-0.09 (-0.24, 0.06)

0.00 (-0.09, 0.10)

0.30 (-0.05, 0.65)

0.08 (-0.02, 0.17)

0.30 (0.02, 0.58)

0.13 (-0.07, 0.33)

-0.01 (-0.16, 0.14)

size (95% CI)

-0.37 (-0.79, 0.04)
0.19 (-0.15, 0.52)

100.00

51.69

3.75

2.90
2.42

7.03

1.92

2.43

6.84

4.49

7.26

2.70
1.86

5.60

4.13

5.61

1.74

%

7.08

9.64

2.36

48.31

3.42

5.33

7.13

Weight

1.83
2.55

Favours usual care  Favours case management 
0 1.5-.5-1

MDT versus single case manager
Utilisation of secondary care (short-term)
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NOTE: Weights are from random effects analysis

.

.
Overall  (I-squared = 22.8%, p = 0.194)

Dalby 2000

van Hout 2010

MDT

Subtotal  (I-squared = 0.0%, p = 0.522)

Hogg 2009

Counsell 2007

Schraeder 2001

Beland 2006a

Schraeder 2008

Subtotal  (I-squared = 34.3%, p = 0.166)

Boult 2008
Burns 1995

Stuck 2000

Gravelle 2007

Study

Dorr 2008

single

Rubenstein 2007

Fordyce 1997

Toseland 1996

Kruse 2010

-0.02 (-0.08, 0.04)

0.13 (-0.20, 0.47)

-0.10 (-0.28, 0.07)

0.02 (-0.04, 0.09)

0.08 (-0.17, 0.33)

-0.30 (-0.57, -0.03)

0.06 (-0.09, 0.20)

0.02 (-0.14, 0.18)

-0.07 (-0.29, 0.15)

-0.08 (-0.18, 0.03)

0.06 (-0.13, 0.25)
0.07 (-0.33, 0.46)

-0.41 (-0.75, -0.07)

-0.17 (-0.42, 0.08)

size (95% CI)

-0.15 (-0.33, 0.03)

0.01 (-0.14, 0.16)

0.06 (-0.07, 0.19)

0.08 (-0.23, 0.39)

0.06 (-0.16, 0.27)

Effect

100.00

2.82

8.03

58.12

4.55

4.03

10.19

9.24

5.61

41.88

7.30
2.04

2.68

4.63

Weight

7.81

9.95

11.96

3.19

5.96

%

-0.02 (-0.08, 0.04)

0.13 (-0.20, 0.47)

-0.10 (-0.28, 0.07)

0.02 (-0.04, 0.09)

0.08 (-0.17, 0.33)

-0.30 (-0.57, -0.03)

0.06 (-0.09, 0.20)

0.02 (-0.14, 0.18)

-0.07 (-0.29, 0.15)

-0.08 (-0.18, 0.03)

0.06 (-0.13, 0.25)
0.07 (-0.33, 0.46)

-0.41 (-0.75, -0.07)

-0.17 (-0.42, 0.08)

size (95% CI)

-0.15 (-0.33, 0.03)

0.01 (-0.14, 0.16)

0.06 (-0.07, 0.19)

0.08 (-0.23, 0.39)

0.06 (-0.16, 0.27)

Effect

100.00

2.82

8.03

58.12

4.55

4.03

10.19

9.24

5.61

41.88

7.30
2.04

2.68

4.63

Weight

7.81

9.95

11.96

3.19

5.96

%

Favours usual care  Favours case management 
0 1.5-.5-1

MDT versus single case manager
Utilisation of secondary care (long-term)
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STRENGTH OF PRIMARY CARE ORIENTATION 

 

NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 63.6%, p = 0.001)

Bernabei 1998

Boyd 1996

Sledge 2006

Ploeg 2010

Subtotal  (I-squared = 70.4%, p = 0.001)

Bird 2010

Burns 1995

Fitzgerald 1994

Dorr 2008

Shannon 2006

Toseland 1996

Study

Schraeder 2001

Intermediate/High

Fan 2012

Low

Subtotal  (I-squared = 28.1%, p = 0.249)

0.08 (-0.03, 0.19)

0.03 (-0.25, 0.30)

-0.10 (-0.63, 0.43)

0.14 (-0.26, 0.54)

0.00 (-0.14, 0.15)

0.09 (-0.05, 0.23)

0.52 (-0.07, 1.11)

0.27 (-0.08, 0.61)

-0.00 (-0.15, 0.15)

0.11 (0.03, 0.18)

Effect

0.33 (0.10, 0.56)

0.37 (0.06, 0.67)

size (95% CI)

0.05 (-0.41, 0.51)

-0.31 (-0.50, -0.12)

0.05 (-0.13, 0.23)

100.00

8.15

3.42

5.24

13.02

75.93

2.90

6.32

12.79

15.77

%

9.61

7.24

Weight

4.28

11.25

24.07

0.08 (-0.03, 0.19)

0.03 (-0.25, 0.30)

-0.10 (-0.63, 0.43)

0.14 (-0.26, 0.54)

0.00 (-0.14, 0.15)

0.09 (-0.05, 0.23)

0.52 (-0.07, 1.11)

0.27 (-0.08, 0.61)

-0.00 (-0.15, 0.15)

0.11 (0.03, 0.18)

Effect

0.33 (0.10, 0.56)

0.37 (0.06, 0.67)

size (95% CI)

0.05 (-0.41, 0.51)

-0.31 (-0.50, -0.12)

0.05 (-0.13, 0.23)

100.00

8.15

3.42

5.24

13.02

75.93

2.90

6.32

12.79

15.77

%

9.61

7.24

Weight

4.28

11.25

24.07

Favours usual care  Favours case management 
0 1.5-.5-1

Low versus intermediate/high PHC
Mortality (short-term)
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NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 40.0%, p = 0.067)

Study

Kruse 2010

Subtotal  (I-squared = 28.9%, p = 0.179)
Toseland 1996

Subtotal  (I-squared = 42.9%, p = 0.173)

Burns 1995

Schraeder 2001

Counsell 2007

van Hout 2010
Gravelle 2007

Low

Morishita 1998

Dalby 2000

Stuck 2000

Coburn 2012

Intermediate/High

Boult 2008

Dorr 2008

0.03 (-0.04, 0.09)

size (95% CI)

0.01 (-0.20, 0.22)

0.05 (-0.01, 0.12)
0.19 (-0.12, 0.50)

-0.10 (-0.27, 0.08)

0.36 (-0.04, 0.76)

-0.19 (-0.44, 0.06)

0.03 (-0.10, 0.16)

0.03 (-0.13, 0.18)
-0.21 (-0.46, 0.04)

0.02 (-0.14, 0.19)

-0.21 (-0.54, 0.12)

-0.26 (-0.58, 0.06)

0.09 (0.00, 0.19)

0.07 (-0.15, 0.29)

0.10 (0.03, 0.17)

Effect

100.00

Weight

6.53

81.74
3.60

18.26

2.34

5.02

12.10

9.91
5.10

9.14

3.25

3.36

15.44

6.19

18.03

%

0.03 (-0.04, 0.09)

size (95% CI)

0.01 (-0.20, 0.22)

0.05 (-0.01, 0.12)
0.19 (-0.12, 0.50)

-0.10 (-0.27, 0.08)

0.36 (-0.04, 0.76)

-0.19 (-0.44, 0.06)

0.03 (-0.10, 0.16)

0.03 (-0.13, 0.18)
-0.21 (-0.46, 0.04)

0.02 (-0.14, 0.19)

-0.21 (-0.54, 0.12)

-0.26 (-0.58, 0.06)

0.09 (0.00, 0.19)

0.07 (-0.15, 0.29)

0.10 (0.03, 0.17)

Effect

100.00

Weight

6.53

81.74
3.60

18.26

2.34

5.02

12.10

9.91
5.10

9.14

3.25

3.36

15.44

6.19

18.03

%

Favours usual care  Favours case management 
0 1.5-.5-1

Low versus intermediate/high PHC
Mortality (long-term)
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NOTE: Weights are from random effects analysis

.

.
Overall  (I-squared = 35.1%, p = 0.094)

Newcomer 2004

Subtotal  (I-squared = 41.2%, p = 0.131)

Low

Leung 2004

van Hout 2010

Intermediate/High

Subtotal  (I-squared = 35.5%, p = 0.145)

Sledge 2006

Study

Metzelthin 2013

Rubenstein 2007

Toseland 1996

Bernabei 1998
Gagnon 1999

De Stampa 2014

Ploeg 2010

Fan 2012
Morishita 1998

Burns 1995

0.07 (0.00, 0.14)

0.00 (-0.07, 0.07)

0.03 (-0.08, 0.13)

-0.05 (-0.30, 0.19)

-0.08 (-0.23, 0.07)

0.11 (0.02, 0.20)

0.07 (-0.39, 0.52)

size (95% CI)

-0.07 (-0.29, 0.14)

0.11 (-0.03, 0.25)

0.12 (-0.19, 0.43)

0.34 (0.06, 0.62)
0.08 (-0.14, 0.31)

0.48 (0.06, 0.89)

0.06 (-0.08, 0.21)

0.07 (-0.20, 0.35)
0.17 (0.01, 0.34)

0.30 (-0.04, 0.65)

Effect

100.00

18.71

44.56

5.57

10.33

55.44

1.92

Weight

6.81

11.48

3.76

4.51
6.43

2.26

10.91

4.69
9.53

3.10

%

0.07 (0.00, 0.14)

0.00 (-0.07, 0.07)

0.03 (-0.08, 0.13)

-0.05 (-0.30, 0.19)

-0.08 (-0.23, 0.07)

0.11 (0.02, 0.20)

0.07 (-0.39, 0.52)

size (95% CI)

-0.07 (-0.29, 0.14)

0.11 (-0.03, 0.25)

0.12 (-0.19, 0.43)

0.34 (0.06, 0.62)
0.08 (-0.14, 0.31)

0.48 (0.06, 0.89)

0.06 (-0.08, 0.21)

0.07 (-0.20, 0.35)
0.17 (0.01, 0.34)

0.30 (-0.04, 0.65)

Effect

100.00

18.71

44.56

5.57

10.33

55.44

1.92

Weight

6.81

11.48

3.76

4.51
6.43

2.26

10.91

4.69
9.53

3.10

%

Favours usual care  Favours case management 
0 1.5-.5-1

Low versus intermediate/high PHC
Self-rated health (short-term)
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NOTE: Weights are from random effects analysis

.

.
Overall  (I-squared = 79.2%, p = 0.000)

Morishita 1998

Ploeg 2010
Martin 2004

Subtotal  (I-squared = 63.4%, p = 0.027)

Sledge 2006

Leung 2004

Enguidanos 2006
Fitzgerald 1994

Study

Shannon 2006

Toseland 1996
Subtotal  (I-squared = 83.5%, p = 0.000)

Levine 2012

Intermediate/High
Bernabei 1998

Boult 2008
Low

Burns 1995

Newcomer 2004

Rodenas 2008

Sylvia 2008

-0.08 (-0.22, 0.05)

0.28 (0.01, 0.55)

0.03 (-0.12, 0.18)
-0.39 (-0.81, 0.03)

-0.00 (-0.20, 0.20)

-0.48 (-0.88, -0.08)

-0.19 (-0.43, 0.05)

0.05 (-0.41, 0.51)
0.07 (-0.09, 0.22)

size (95% CI)

-0.40 (-0.66, -0.14)

-1.01 (-1.32, -0.70)
-0.12 (-0.30, 0.06)

0.05 (-0.18, 0.28)

0.34 (0.03, 0.65)

0.09 (-0.06, 0.24)
-0.10 (-0.50, 0.29)

0.00 (-0.15, 0.15)

0.12 (-0.21, 0.46)

-0.08 (-0.43, 0.26)

Effect

100.00

6.45

7.88
4.72

30.90

4.91

6.77

4.32
7.82

Weight

6.57

5.95
69.10

6.95

5.91

7.83
4.96

7.84

5.63

5.50

%

-0.08 (-0.22, 0.05)

0.28 (0.01, 0.55)

0.03 (-0.12, 0.18)
-0.39 (-0.81, 0.03)

-0.00 (-0.20, 0.20)

-0.48 (-0.88, -0.08)

-0.19 (-0.43, 0.05)

0.05 (-0.41, 0.51)
0.07 (-0.09, 0.22)

size (95% CI)

-0.40 (-0.66, -0.14)

-1.01 (-1.32, -0.70)
-0.12 (-0.30, 0.06)

0.05 (-0.18, 0.28)

0.34 (0.03, 0.65)

0.09 (-0.06, 0.24)
-0.10 (-0.50, 0.29)

0.00 (-0.15, 0.15)

0.12 (-0.21, 0.46)

-0.08 (-0.43, 0.26)

Effect

100.00

6.45

7.88
4.72

30.90

4.91

6.77

4.32
7.82

Weight

6.57

5.95
69.10

6.95

5.91

7.83
4.96

7.84

5.63

5.50

%

Favours usual care  Favours case management 
0 1.5-.5-1

Low versus intermediate/high PHC
Utilisation of primary care (short-term)
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NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 39.6%, p = 0.027)

Burns 1995

Ploeg 2010

Study

Bernabei 1998

Toseland 1996

Leung 2004

Newcomer 2004

Gagnon 1999
Bird 2010

Boult 2008

Fan 2012

Intermediate/High

Schraeder 2001

Sylvia 2008

Counsell 2007

Martin 2004

Rodenas 2008

Enguidanos 2006

Low

Rubenstein 2007

Fitzgerald 1994

Subtotal  (I-squared = 0.0%, p = 0.525)

Dorr 2008
De Stampa 2014

Sledge 2006
Shannon 2006

Levine 2012

Subtotal  (I-squared = 71.0%, p = 0.002)

0.04 (-0.02, 0.10)

0.19 (-0.16, 0.54)

0.19 (0.04, 0.34)

size (95% CI)

0.30 (0.02, 0.58)

-0.01 (-0.32, 0.30)

-0.10 (-0.34, 0.14)

0.00 (-0.09, 0.10)

-0.12 (-0.31, 0.07)
0.54 (0.12, 0.97)

0.13 (-0.07, 0.33)

-0.01 (-0.20, 0.18)

-0.10 (-0.26, 0.06)

0.23 (-0.12, 0.58)

-0.05 (-0.32, 0.21)

-0.37 (-0.79, 0.04)

0.19 (-0.15, 0.52)

-0.03 (-0.35, 0.30)

Effect

-0.01 (-0.16, 0.14)

0.02 (-0.13, 0.17)

0.01 (-0.03, 0.06)

-0.09 (-0.24, 0.06)
0.16 (-0.25, 0.57)

0.19 (-0.21, 0.59)
0.30 (-0.05, 0.65)

0.19 (-0.04, 0.41)

0.08 (-0.10, 0.26)

100.00

2.43

7.26

Weight

3.42

2.90

4.13

9.64

5.61
1.74

5.33

5.60

6.84

2.42

3.75

1.83

2.55

2.70

%

7.13

7.03

73.46

7.08
1.86

1.92
2.36

4.49

26.54

0.04 (-0.02, 0.10)

0.19 (-0.16, 0.54)

0.19 (0.04, 0.34)

size (95% CI)

0.30 (0.02, 0.58)

-0.01 (-0.32, 0.30)

-0.10 (-0.34, 0.14)

0.00 (-0.09, 0.10)

-0.12 (-0.31, 0.07)
0.54 (0.12, 0.97)

0.13 (-0.07, 0.33)

-0.01 (-0.20, 0.18)

-0.10 (-0.26, 0.06)

0.23 (-0.12, 0.58)

-0.05 (-0.32, 0.21)

-0.37 (-0.79, 0.04)

0.19 (-0.15, 0.52)

-0.03 (-0.35, 0.30)

Effect

-0.01 (-0.16, 0.14)

0.02 (-0.13, 0.17)

0.01 (-0.03, 0.06)

-0.09 (-0.24, 0.06)
0.16 (-0.25, 0.57)

0.19 (-0.21, 0.59)
0.30 (-0.05, 0.65)

0.19 (-0.04, 0.41)

0.08 (-0.10, 0.26)

100.00

2.43

7.26

Weight

3.42

2.90

4.13

9.64

5.61
1.74

5.33

5.60

6.84

2.42

3.75

1.83

2.55

2.70

%

7.13

7.03

73.46

7.08
1.86

1.92
2.36

4.49

26.54

Favours usual care  Favours case management 
0 1.5-.5-1

Low versus intermediate/high PHC
Utilisation of secondary care (short-term)
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NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 22.8%, p = 0.194)

Study

Schraeder 2008

Dalby 2000

Boult 2008

Toseland 1996

Rubenstein 2007

Subtotal  (I-squared = 0.0%, p = 0.414)

Intermediate/High

Kruse 2010

Stuck 2000

Schraeder 2001

Hogg 2009
van Hout 2010

Low

Dorr 2008
Fordyce 1997

Subtotal  (I-squared = 35.3%, p = 0.117)

Counsell 2007
Burns 1995

Beland 2006a

Gravelle 2007

-0.02 (-0.08, 0.04)

size (95% CI)

-0.07 (-0.29, 0.15)

0.13 (-0.20, 0.47)

0.06 (-0.13, 0.25)

0.08 (-0.23, 0.39)

0.01 (-0.14, 0.16)

-0.02 (-0.12, 0.07)

0.06 (-0.16, 0.27)

-0.41 (-0.75, -0.07)

0.06 (-0.09, 0.20)

0.08 (-0.17, 0.33)
-0.10 (-0.28, 0.07)

-0.15 (-0.33, 0.03)
0.06 (-0.07, 0.19)

-0.02 (-0.10, 0.05)

-0.30 (-0.57, -0.03)
0.07 (-0.33, 0.46)

0.02 (-0.14, 0.18)

-0.17 (-0.42, 0.08)

Effect

100.00

Weight

5.61

2.82

7.30

3.19

9.95

29.27

5.96

2.68

10.19

4.55
8.03

7.81
11.96

70.73

4.03
2.04

9.24

4.63

%

-0.02 (-0.08, 0.04)

size (95% CI)

-0.07 (-0.29, 0.15)

0.13 (-0.20, 0.47)

0.06 (-0.13, 0.25)

0.08 (-0.23, 0.39)

0.01 (-0.14, 0.16)

-0.02 (-0.12, 0.07)

0.06 (-0.16, 0.27)

-0.41 (-0.75, -0.07)

0.06 (-0.09, 0.20)

0.08 (-0.17, 0.33)
-0.10 (-0.28, 0.07)

-0.15 (-0.33, 0.03)
0.06 (-0.07, 0.19)

-0.02 (-0.10, 0.05)

-0.30 (-0.57, -0.03)
0.07 (-0.33, 0.46)

0.02 (-0.14, 0.18)

-0.17 (-0.42, 0.08)

Effect

100.00

Weight

5.61

2.82

7.30

3.19

9.95

29.27

5.96

2.68

10.19

4.55
8.03

7.81
11.96

70.73

4.03
2.04

9.24

4.63

%

Favours usual care  Favours case management 
0 1.5-.5-1

Low versus intermediate/high PHC
Utilisation of secondary care (long-term)
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TYPE OF RISK TOOL USED 

 

NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 63.6%, p = 0.001)

Dorr 2008

Fan 2012

Threshold/Predictive risk modelling

Toseland 1996

Bernabei 1998

Ploeg 2010

Judgement

Sledge 2006

Boyd 1996

Fitzgerald 1994

Bird 2010

Shannon 2006

Burns 1995

Study

Subtotal  (I-squared = 68.2%, p = 0.001)

Subtotal  (I-squared = 0.0%, p = 0.824)
Schraeder 2001

0.08 (-0.03, 0.19)

0.11 (0.03, 0.18)

-0.31 (-0.50, -0.12)

0.37 (0.06, 0.67)

0.03 (-0.25, 0.30)

0.00 (-0.14, 0.15)

0.14 (-0.26, 0.54)

-0.10 (-0.63, 0.43)

-0.00 (-0.15, 0.15)

0.52 (-0.07, 1.11)

0.33 (0.10, 0.56)

0.27 (-0.08, 0.61)

size (95% CI)

0.09 (-0.06, 0.24)

0.10 (0.03, 0.17)
0.05 (-0.41, 0.51)

Effect

100.00

15.77

11.25

7.24

8.15

13.02

5.24

3.42

12.79

2.90

9.61

6.32

Weight

79.95

20.05
4.28

%

0.08 (-0.03, 0.19)

0.11 (0.03, 0.18)

-0.31 (-0.50, -0.12)

0.37 (0.06, 0.67)

0.03 (-0.25, 0.30)

0.00 (-0.14, 0.15)

0.14 (-0.26, 0.54)

-0.10 (-0.63, 0.43)

-0.00 (-0.15, 0.15)

0.52 (-0.07, 1.11)

0.33 (0.10, 0.56)

0.27 (-0.08, 0.61)

size (95% CI)

0.09 (-0.06, 0.24)

0.10 (0.03, 0.17)
0.05 (-0.41, 0.51)

Effect

100.00

15.77

11.25

7.24

8.15

13.02

5.24

3.42

12.79

2.90

9.61

6.32

Weight

79.95

20.05
4.28

%

Favours usual care  Favours case management 
0 1.5-.5-1

Judgement versus modelling
Mortality (short-term)
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NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 40.0%, p = 0.067)

Subtotal  (I-squared = 30.8%, p = 0.154)

Subtotal  (I-squared = 78.5%, p = 0.031)

Judgement

Threshold/Predictive risk modelling

Kruse 2010

Dalby 2000

Toseland 1996

Dorr 2008

van Hout 2010

Counsell 2007
Coburn 2012
Burns 1995
Boult 2008

Stuck 2000

Study

Morishita 1998

Schraeder 2001

Gravelle 2007

0.03 (-0.04, 0.09)

0.02 (-0.05, 0.09)

-0.02 (-0.30, 0.26)

0.01 (-0.20, 0.22)

-0.21 (-0.54, 0.12)

0.19 (-0.12, 0.50)

0.10 (0.03, 0.17)

0.03 (-0.13, 0.18)

0.03 (-0.10, 0.16)
0.09 (0.00, 0.19)
0.36 (-0.04, 0.76)
0.07 (-0.15, 0.29)

-0.26 (-0.58, 0.06)

size (95% CI)

0.02 (-0.14, 0.19)

-0.19 (-0.44, 0.06)

-0.21 (-0.46, 0.04)

Effect

100.00

76.95

23.05

6.53

3.25

3.60

18.03

9.91

12.10
15.44
2.34
6.19

3.36

Weight

9.14

5.02

5.10

%

0.03 (-0.04, 0.09)

0.02 (-0.05, 0.09)

-0.02 (-0.30, 0.26)

0.01 (-0.20, 0.22)

-0.21 (-0.54, 0.12)

0.19 (-0.12, 0.50)

0.10 (0.03, 0.17)

0.03 (-0.13, 0.18)

0.03 (-0.10, 0.16)
0.09 (0.00, 0.19)
0.36 (-0.04, 0.76)
0.07 (-0.15, 0.29)

-0.26 (-0.58, 0.06)

size (95% CI)

0.02 (-0.14, 0.19)

-0.19 (-0.44, 0.06)

-0.21 (-0.46, 0.04)

Effect

100.00

76.95

23.05

6.53

3.25

3.60

18.03

9.91

12.10
15.44
2.34
6.19

3.36

Weight

9.14

5.02

5.10

%

Favours usual care  Favours case management 
0 1.5-.5-1

Judgement versus modelling
Mortality (long-term)
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NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 39.6%, p = 0.027)

Rodenas 2008

Fan 2012

Bernabei 1998

Gagnon 1999

Newcomer 2004
Ploeg 2010

Leung 2004

Counsell 2007

Rubenstein 2007

Threshold/Predictive risk modelling

Martin 2004
Levine 2012

Schraeder 2001

Subtotal  (I-squared = 36.8%, p = 0.051)

Fitzgerald 1994

Burns 1995

Sledge 2006

De Stampa 2014

Study

Sylvia 2008

Boult 2008

Shannon 2006

Enguidanos 2006

Judgement

Toseland 1996

Dorr 2008

Subtotal  (I-squared = 17.5%, p = 0.297)

Bird 2010

0.04 (-0.02, 0.10)

0.19 (-0.15, 0.52)

-0.01 (-0.20, 0.18)

0.30 (0.02, 0.58)

-0.12 (-0.31, 0.07)

0.00 (-0.09, 0.10)
0.19 (0.04, 0.34)

-0.10 (-0.34, 0.14)

-0.05 (-0.32, 0.21)

-0.01 (-0.16, 0.14)

-0.37 (-0.79, 0.04)
0.19 (-0.04, 0.41)

-0.10 (-0.26, 0.06)

0.06 (-0.00, 0.13)

0.02 (-0.13, 0.17)

0.19 (-0.16, 0.54)

0.19 (-0.21, 0.59)

0.16 (-0.25, 0.57)

size (95% CI)

0.23 (-0.12, 0.58)

0.13 (-0.07, 0.33)

Effect

0.30 (-0.05, 0.65)

-0.03 (-0.35, 0.30)

-0.01 (-0.32, 0.30)

-0.09 (-0.24, 0.06)

-0.06 (-0.18, 0.06)

0.54 (0.12, 0.97)

100.00

2.55

5.60

3.42

5.61

9.64
7.26

4.13

3.75

7.13

1.83
4.49

6.84

83.54

7.03

2.43

1.92

1.86

Weight

2.42

5.33

%

2.36

2.70

2.90

7.08

16.46

1.74

0.04 (-0.02, 0.10)

0.19 (-0.15, 0.52)

-0.01 (-0.20, 0.18)

0.30 (0.02, 0.58)

-0.12 (-0.31, 0.07)

0.00 (-0.09, 0.10)
0.19 (0.04, 0.34)

-0.10 (-0.34, 0.14)

-0.05 (-0.32, 0.21)

-0.01 (-0.16, 0.14)

-0.37 (-0.79, 0.04)
0.19 (-0.04, 0.41)

-0.10 (-0.26, 0.06)

0.06 (-0.00, 0.13)

0.02 (-0.13, 0.17)

0.19 (-0.16, 0.54)

0.19 (-0.21, 0.59)

0.16 (-0.25, 0.57)

size (95% CI)

0.23 (-0.12, 0.58)

0.13 (-0.07, 0.33)

Effect

0.30 (-0.05, 0.65)

-0.03 (-0.35, 0.30)

-0.01 (-0.32, 0.30)

-0.09 (-0.24, 0.06)

-0.06 (-0.18, 0.06)

0.54 (0.12, 0.97)

100.00

2.55

5.60

3.42

5.61

9.64
7.26

4.13

3.75

7.13

1.83
4.49

6.84

83.54

7.03

2.43

1.92

1.86

Weight

2.42

5.33

%

2.36

2.70

2.90

7.08

16.46

1.74

Favours usual care  Favours case management 
0 1.5-.5-1

Judgement versus modelling
Utilisation of secondary care (short-term)
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NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 22.8%, p = 0.194)

Toseland 1996

Gravelle 2007

Counsell 2007

Schraeder 2001

Burns 1995

Hogg 2009
Dorr 2008

Subtotal  (I-squared = 44.0%, p = 0.168)

Rubenstein 2007

Fordyce 1997

Beland 2006a

Stuck 2000

Boult 2008

Dalby 2000

van Hout 2010

Kruse 2010

Study

Subtotal  (I-squared = 24.3%, p = 0.198)

Schraeder 2008

Judgement

Threshold/Predictive risk modelling

-0.02 (-0.08, 0.04)

0.08 (-0.23, 0.39)

-0.17 (-0.42, 0.08)

-0.30 (-0.57, -0.03)

0.06 (-0.09, 0.20)

0.07 (-0.33, 0.46)

0.08 (-0.17, 0.33)
-0.15 (-0.33, 0.03)

-0.01 (-0.15, 0.14)

0.01 (-0.14, 0.16)

0.06 (-0.07, 0.19)

0.02 (-0.14, 0.18)

-0.41 (-0.75, -0.07)

0.06 (-0.13, 0.25)

0.13 (-0.20, 0.47)

-0.10 (-0.28, 0.07)

Effect

0.06 (-0.16, 0.27)

size (95% CI)

-0.02 (-0.09, 0.04)

-0.07 (-0.29, 0.15)

100.00

3.19

4.63

4.03

10.19

2.04

4.55
7.81

22.56

9.95

11.96

9.24

2.68

7.30

2.82

8.03

%

5.96

Weight

77.44

5.61

-0.02 (-0.08, 0.04)

0.08 (-0.23, 0.39)

-0.17 (-0.42, 0.08)

-0.30 (-0.57, -0.03)

0.06 (-0.09, 0.20)

0.07 (-0.33, 0.46)

0.08 (-0.17, 0.33)
-0.15 (-0.33, 0.03)

-0.01 (-0.15, 0.14)

0.01 (-0.14, 0.16)

0.06 (-0.07, 0.19)

0.02 (-0.14, 0.18)

-0.41 (-0.75, -0.07)

0.06 (-0.13, 0.25)

0.13 (-0.20, 0.47)

-0.10 (-0.28, 0.07)

Effect

0.06 (-0.16, 0.27)

size (95% CI)

-0.02 (-0.09, 0.04)

-0.07 (-0.29, 0.15)

100.00

3.19

4.63

4.03

10.19

2.04

4.55
7.81

22.56

9.95

11.96

9.24

2.68

7.30

2.82

8.03

%

5.96

Weight

77.44

5.61

Favours usual care  Favours case management 
0 1.5-.5-1

Judgement versus modelling
Utilisation of secondary care (long-term)
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RCT VERSUS NON-RCT 

 

NOTE: Weights are from random effects analysis

.

.
Overall  (I-squared = 63.6%, p = 0.001)

Toseland 1996

Burns 1995

Subtotal  (I-squared = 18.3%, p = 0.294)

Bird 2010

Study

Dorr 2008

Shannon 2006

Non-RCT

Schraeder 2001

Subtotal  (I-squared = 68.6%, p = 0.001)

Fitzgerald 1994

Boyd 1996

RCT

Fan 2012

Sledge 2006

Bernabei 1998

Ploeg 2010

0.08 (-0.03, 0.19)

0.37 (0.06, 0.67)

0.27 (-0.08, 0.61)

0.12 (-0.06, 0.30)

0.52 (-0.07, 1.11)

size (95% CI)

0.11 (0.03, 0.18)

0.33 (0.10, 0.56)

Effect

0.05 (-0.41, 0.51)

0.07 (-0.07, 0.22)

-0.00 (-0.15, 0.15)

-0.10 (-0.63, 0.43)

-0.31 (-0.50, -0.12)

0.14 (-0.26, 0.54)

0.03 (-0.25, 0.30)

0.00 (-0.14, 0.15)

100.00

7.24

6.32

22.08

2.90

Weight

15.77

9.61

%

4.28

77.92

12.79

3.42

11.25

5.24

8.15

13.02

0.08 (-0.03, 0.19)

0.37 (0.06, 0.67)

0.27 (-0.08, 0.61)

0.12 (-0.06, 0.30)

0.52 (-0.07, 1.11)

size (95% CI)

0.11 (0.03, 0.18)

0.33 (0.10, 0.56)

Effect

0.05 (-0.41, 0.51)

0.07 (-0.07, 0.22)

-0.00 (-0.15, 0.15)

-0.10 (-0.63, 0.43)

-0.31 (-0.50, -0.12)

0.14 (-0.26, 0.54)

0.03 (-0.25, 0.30)

0.00 (-0.14, 0.15)

100.00

7.24

6.32

22.08

2.90

Weight

15.77

9.61

%

4.28

77.92

12.79

3.42

11.25

5.24

8.15

13.02

Favours usual care  Favours case management 
0 1.5-.5-1

RCT versus other
Mortality (short-term)
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NOTE: Weights are from random effects analysis

.

.
Overall  (I-squared = 40.0%, p = 0.067)

van Hout 2010

Study

Burns 1995

Subtotal  (I-squared = 33.6%, p = 0.139)

Dalby 2000
Counsell 2007

Gravelle 2007

Morishita 1998

Coburn 2012

Toseland 1996

Boult 2008

Kruse 2010

Schraeder 2001

Dorr 2008

Subtotal  (I-squared = 66.5%, p = 0.050)

Stuck 2000

Non-RCT

RCT

0.03 (-0.04, 0.09)

0.03 (-0.13, 0.18)

size (95% CI)

0.36 (-0.04, 0.76)

0.03 (-0.05, 0.10)

-0.21 (-0.54, 0.12)
0.03 (-0.10, 0.16)

-0.21 (-0.46, 0.04)

0.02 (-0.14, 0.19)

0.09 (0.00, 0.19)

0.19 (-0.12, 0.50)

0.07 (-0.15, 0.29)

0.01 (-0.20, 0.22)

-0.19 (-0.44, 0.06)

Effect

0.10 (0.03, 0.17)

-0.00 (-0.18, 0.17)

-0.26 (-0.58, 0.06)

100.00

9.91

Weight

2.34

70.34

3.25
12.10

5.10

9.14

15.44

3.60

6.19

6.53

5.02

%

18.03

29.66

3.36

0.03 (-0.04, 0.09)

0.03 (-0.13, 0.18)

size (95% CI)

0.36 (-0.04, 0.76)

0.03 (-0.05, 0.10)

-0.21 (-0.54, 0.12)
0.03 (-0.10, 0.16)

-0.21 (-0.46, 0.04)

0.02 (-0.14, 0.19)

0.09 (0.00, 0.19)

0.19 (-0.12, 0.50)

0.07 (-0.15, 0.29)

0.01 (-0.20, 0.22)

-0.19 (-0.44, 0.06)

Effect

0.10 (0.03, 0.17)

-0.00 (-0.18, 0.17)

-0.26 (-0.58, 0.06)

100.00

9.91

Weight

2.34

70.34

3.25
12.10

5.10

9.14

15.44

3.60

6.19

6.53

5.02

%

18.03

29.66

3.36

Favours usual care  Favours case management 
0 1.5-.5-1

RCT versus other
Mortality (long-term)
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NOTE: Weights are from random effects analysis

.

.
Overall  (I-squared = 39.6%, p = 0.027)

Levine 2012

RCT

Burns 1995

Martin 2004

Study

Subtotal  (I-squared = 68.9%, p = 0.022)

Toseland 1996

Boult 2008

Gagnon 1999

Rubenstein 2007
Rodenas 2008

Dorr 2008

Leung 2004

Fitzgerald 1994

Ploeg 2010

Schraeder 2001

Counsell 2007

Shannon 2006

Bernabei 1998

Non-RCT

Sylvia 2008

Enguidanos 2006

Bird 2010

Fan 2012

De Stampa 2014

Sledge 2006

Newcomer 2004

Subtotal  (I-squared = 32.8%, p = 0.083)

0.04 (-0.02, 0.10)

0.19 (-0.04, 0.41)

0.19 (-0.16, 0.54)

-0.37 (-0.79, 0.04)

size (95% CI)

0.17 (-0.11, 0.45)

-0.01 (-0.32, 0.30)

0.13 (-0.07, 0.33)

-0.12 (-0.31, 0.07)

-0.01 (-0.16, 0.14)
0.19 (-0.15, 0.52)

-0.09 (-0.24, 0.06)

-0.10 (-0.34, 0.14)

0.02 (-0.13, 0.17)

0.19 (0.04, 0.34)

-0.10 (-0.26, 0.06)

-0.05 (-0.32, 0.21)

Effect

0.30 (-0.05, 0.65)

0.30 (0.02, 0.58)

0.23 (-0.12, 0.58)

-0.03 (-0.35, 0.30)

0.54 (0.12, 0.97)

-0.01 (-0.20, 0.18)

0.16 (-0.25, 0.57)

0.19 (-0.21, 0.59)

0.00 (-0.09, 0.10)

0.04 (-0.02, 0.10)

100.00

4.49

2.43

1.83

Weight

13.10

2.90

5.33

5.61

7.13
2.55

7.08

4.13

7.03

7.26

6.84

3.75

%

2.36

3.42

2.42

2.70

1.74

5.60

1.86

1.92

9.64

86.90

0.04 (-0.02, 0.10)

0.19 (-0.04, 0.41)

0.19 (-0.16, 0.54)

-0.37 (-0.79, 0.04)

size (95% CI)

0.17 (-0.11, 0.45)

-0.01 (-0.32, 0.30)

0.13 (-0.07, 0.33)

-0.12 (-0.31, 0.07)

-0.01 (-0.16, 0.14)
0.19 (-0.15, 0.52)

-0.09 (-0.24, 0.06)

-0.10 (-0.34, 0.14)

0.02 (-0.13, 0.17)

0.19 (0.04, 0.34)

-0.10 (-0.26, 0.06)

-0.05 (-0.32, 0.21)

Effect

0.30 (-0.05, 0.65)

0.30 (0.02, 0.58)

0.23 (-0.12, 0.58)

-0.03 (-0.35, 0.30)

0.54 (0.12, 0.97)

-0.01 (-0.20, 0.18)

0.16 (-0.25, 0.57)

0.19 (-0.21, 0.59)

0.00 (-0.09, 0.10)

0.04 (-0.02, 0.10)

100.00

4.49

2.43

1.83

Weight

13.10

2.90

5.33

5.61

7.13
2.55

7.08

4.13

7.03

7.26

6.84

3.75

%

2.36

3.42

2.42

2.70

1.74

5.60

1.86

1.92

9.64

86.90

Favours usual care  Favours case management 
0 1.5-.5-1

RCT versus other
Utilisation of secondary care (short-term)
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NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 22.8%, p = 0.194)

Boult 2008

Toseland 1996

Subtotal  (I-squared = 24.9%, p = 0.199)

Study

Kruse 2010

Fordyce 1997
Hogg 2009

RCT

Schraeder 2001

Dalby 2000

Dorr 2008

Stuck 2000

van Hout 2010

Beland 2006a

Counsell 2007

Rubenstein 2007

Burns 1995

Gravelle 2007

Non-RCT

Subtotal  (I-squared = 0.0%, p = 0.445)
Schraeder 2008

-0.02 (-0.08, 0.04)

0.06 (-0.13, 0.25)

0.08 (-0.23, 0.39)

-0.00 (-0.07, 0.07)

size (95% CI)

0.06 (-0.16, 0.27)

0.06 (-0.07, 0.19)
0.08 (-0.17, 0.33)

0.06 (-0.09, 0.20)

0.13 (-0.20, 0.47)

-0.15 (-0.33, 0.03)

-0.41 (-0.75, -0.07)

-0.10 (-0.28, 0.07)

0.02 (-0.14, 0.18)

Effect

-0.30 (-0.57, -0.03)

0.01 (-0.14, 0.16)

0.07 (-0.33, 0.46)

-0.17 (-0.42, 0.08)

-0.08 (-0.19, 0.02)
-0.07 (-0.29, 0.15)

100.00

7.30

3.19

75.98

Weight

5.96

11.96
4.55

10.19

2.82

7.81

2.68

8.03

9.24

%

4.03

9.95

2.04

4.63

24.02
5.61

-0.02 (-0.08, 0.04)

0.06 (-0.13, 0.25)

0.08 (-0.23, 0.39)

-0.00 (-0.07, 0.07)

size (95% CI)

0.06 (-0.16, 0.27)

0.06 (-0.07, 0.19)
0.08 (-0.17, 0.33)

0.06 (-0.09, 0.20)

0.13 (-0.20, 0.47)

-0.15 (-0.33, 0.03)

-0.41 (-0.75, -0.07)

-0.10 (-0.28, 0.07)

0.02 (-0.14, 0.18)

Effect

-0.30 (-0.57, -0.03)

0.01 (-0.14, 0.16)

0.07 (-0.33, 0.46)

-0.17 (-0.42, 0.08)

-0.08 (-0.19, 0.02)
-0.07 (-0.29, 0.15)

100.00

7.30

3.19

75.98

Weight

5.96

11.96
4.55

10.19

2.82

7.81

2.68

8.03

9.24

%

4.03

9.95

2.04

4.63

24.02
5.61

Favours usual care  Favours case management 
0 1.5-.5-1

RCT versus other
Utilisation of secondary care (long-term)
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INCLUSION OF A SOCIAL WORKER IN CASE MANAGEMENT 

 

NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 63.6%, p = 0.001)

Study

Shannon 2006
Sledge 2006

Social worker

Fitzgerald 1994

Subtotal  (I-squared = 0.0%, p = 0.445)

No social worker

Subtotal  (I-squared = 69.4%, p = 0.003)

Fan 2012

Ploeg 2010

Burns 1995

Toseland 1996

Dorr 2008

Bernabei 1998

Bird 2010
Boyd 1996

Schraeder 2001

0.08 (-0.03, 0.19)

size (95% CI)

0.33 (0.10, 0.56)
0.14 (-0.26, 0.54)

-0.00 (-0.15, 0.15)

0.24 (0.10, 0.37)

-0.01 (-0.14, 0.13)

Effect

-0.31 (-0.50, -0.12)

0.00 (-0.14, 0.15)

0.27 (-0.08, 0.61)

0.37 (0.06, 0.67)

0.11 (0.03, 0.18)

0.03 (-0.25, 0.30)

0.52 (-0.07, 1.11)
-0.10 (-0.63, 0.43)

0.05 (-0.41, 0.51)

100.00

Weight

9.61
5.24

12.79

36.57

63.43

%

11.25

13.02

6.32

7.24

15.77

8.15

2.90
3.42

4.28

0.08 (-0.03, 0.19)

size (95% CI)

0.33 (0.10, 0.56)
0.14 (-0.26, 0.54)

-0.00 (-0.15, 0.15)

0.24 (0.10, 0.37)

-0.01 (-0.14, 0.13)

Effect

-0.31 (-0.50, -0.12)

0.00 (-0.14, 0.15)

0.27 (-0.08, 0.61)

0.37 (0.06, 0.67)

0.11 (0.03, 0.18)

0.03 (-0.25, 0.30)

0.52 (-0.07, 1.11)
-0.10 (-0.63, 0.43)

0.05 (-0.41, 0.51)

100.00

Weight

9.61
5.24

12.79

36.57

63.43

%

11.25

13.02

6.32

7.24

15.77

8.15

2.90
3.42

4.28

Favours usual care  Favours case management 
0 1.5-.5-1

Social worker included/not included
Mortality (short-term)
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NOTE: Weights are from random effects analysis

.

.
Overall  (I-squared = 40.0%, p = 0.067)

Social worker

Toseland 1996

Dorr 2008
Dalby 2000

Burns 1995
Counsell 2007

Subtotal  (I-squared = 9.4%, p = 0.346)

Subtotal  (I-squared = 52.0%, p = 0.034)

Boult 2008

Stuck 2000

Morishita 1998

Study

Gravelle 2007

Coburn 2012

van Hout 2010

Kruse 2010

No social worker

Schraeder 2001

0.03 (-0.04, 0.09)

0.19 (-0.12, 0.50)

Effect

0.10 (0.03, 0.17)
-0.21 (-0.54, 0.12)

0.36 (-0.04, 0.76)
0.03 (-0.10, 0.16)

0.07 (-0.04, 0.17)

-0.00 (-0.09, 0.08)

0.07 (-0.15, 0.29)

-0.26 (-0.58, 0.06)

0.02 (-0.14, 0.19)

size (95% CI)

-0.21 (-0.46, 0.04)

0.09 (0.00, 0.19)

0.03 (-0.13, 0.18)

0.01 (-0.20, 0.22)
-0.19 (-0.44, 0.06)

100.00

3.60

%

18.03
3.25

2.34
12.10

27.18

72.82

6.19

3.36

9.14

Weight

5.10

15.44

9.91

6.53
5.02

0.03 (-0.04, 0.09)

0.19 (-0.12, 0.50)

Effect

0.10 (0.03, 0.17)
-0.21 (-0.54, 0.12)

0.36 (-0.04, 0.76)
0.03 (-0.10, 0.16)

0.07 (-0.04, 0.17)

-0.00 (-0.09, 0.08)

0.07 (-0.15, 0.29)

-0.26 (-0.58, 0.06)

0.02 (-0.14, 0.19)

size (95% CI)

-0.21 (-0.46, 0.04)

0.09 (0.00, 0.19)

0.03 (-0.13, 0.18)

0.01 (-0.20, 0.22)
-0.19 (-0.44, 0.06)

100.00

3.60

%

18.03
3.25

2.34
12.10

27.18

72.82

6.19

3.36

9.14

Weight

5.10

15.44

9.91

6.53
5.02

Favours usual care  Favours case management 
0 1.5-.5-1

Social worker included/not included
Mortality (long-term)
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NOTE: Weights are from random effects analysis

.

.
Overall  (I-squared = 35.1%, p = 0.094)

Subtotal  (I-squared = 27.8%, p = 0.206)

Newcomer 2004
Metzelthin 2013

van Hout 2010

Burns 1995

Fan 2012
De Stampa 2014
No social worker

Study

Toseland 1996

Bernabei 1998

Rubenstein 2007

Morishita 1998

Social worker

Gagnon 1999

Ploeg 2010

Leung 2004

Sledge 2006

Subtotal  (I-squared = 8.0%, p = 0.365)

0.07 (0.00, 0.14)

0.03 (-0.04, 0.10)

Effect

0.00 (-0.07, 0.07)
-0.07 (-0.29, 0.14)

-0.08 (-0.23, 0.07)

0.30 (-0.04, 0.65)

0.07 (-0.20, 0.35)
0.48 (0.06, 0.89)

size (95% CI)

0.12 (-0.19, 0.43)

0.34 (0.06, 0.62)

0.11 (-0.03, 0.25)

0.17 (0.01, 0.34)

0.08 (-0.14, 0.31)

0.06 (-0.08, 0.21)

-0.05 (-0.30, 0.19)

0.07 (-0.39, 0.52)

0.15 (0.04, 0.27)

100.00

71.61

%

18.71
6.81

10.33

3.10

4.69
2.26

Weight

3.76

4.51

11.48

9.53

6.43

10.91

5.57

1.92

28.39

0.07 (0.00, 0.14)

0.03 (-0.04, 0.10)

Effect

0.00 (-0.07, 0.07)
-0.07 (-0.29, 0.14)

-0.08 (-0.23, 0.07)

0.30 (-0.04, 0.65)

0.07 (-0.20, 0.35)
0.48 (0.06, 0.89)

size (95% CI)

0.12 (-0.19, 0.43)

0.34 (0.06, 0.62)

0.11 (-0.03, 0.25)

0.17 (0.01, 0.34)

0.08 (-0.14, 0.31)

0.06 (-0.08, 0.21)

-0.05 (-0.30, 0.19)

0.07 (-0.39, 0.52)

0.15 (0.04, 0.27)

100.00

71.61

%

18.71
6.81

10.33

3.10

4.69
2.26

Weight

3.76

4.51

11.48

9.53

6.43

10.91

5.57

1.92

28.39

Favours usual care  Favours case management 
0 1.5-.5-1

Social worker included/not included
Self-rated health (short-term)
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NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 79.2%, p = 0.000)

Subtotal  (I-squared = 85.2%, p = 0.000)

Sylvia 2008

Newcomer 2004

Burns 1995

Ploeg 2010

Enguidanos 2006

Study

Morishita 1998

Social worker

Levine 2012

Fitzgerald 1994

Sledge 2006

Subtotal  (I-squared = 7.1%, p = 0.371)

Leung 2004

Toseland 1996

No social worker

Shannon 2006

Boult 2008

Rodenas 2008

Martin 2004

Bernabei 1998

-0.08 (-0.22, 0.05)

-0.13 (-0.38, 0.12)

-0.08 (-0.43, 0.26)

0.00 (-0.15, 0.15)

-0.10 (-0.50, 0.29)

0.03 (-0.12, 0.18)

0.05 (-0.41, 0.51)

size (95% CI)

0.28 (0.01, 0.55)
0.05 (-0.18, 0.28)

0.07 (-0.09, 0.22)

-0.48 (-0.88, -0.08)

0.03 (-0.05, 0.10)

-0.19 (-0.43, 0.05)

-1.01 (-1.32, -0.70)

-0.40 (-0.66, -0.14)

0.09 (-0.06, 0.24)

0.12 (-0.21, 0.46)

-0.39 (-0.81, 0.03)

0.34 (0.03, 0.65)

Effect

100.00

58.41

5.50

7.84

4.96

7.88

4.32

Weight

6.45
6.95

7.82

4.91

41.59

6.77

5.95

6.57

7.83

5.63

4.72

5.91

%

-0.08 (-0.22, 0.05)

-0.13 (-0.38, 0.12)

-0.08 (-0.43, 0.26)

0.00 (-0.15, 0.15)

-0.10 (-0.50, 0.29)

0.03 (-0.12, 0.18)

0.05 (-0.41, 0.51)

size (95% CI)

0.28 (0.01, 0.55)
0.05 (-0.18, 0.28)

0.07 (-0.09, 0.22)

-0.48 (-0.88, -0.08)

0.03 (-0.05, 0.10)

-0.19 (-0.43, 0.05)

-1.01 (-1.32, -0.70)

-0.40 (-0.66, -0.14)

0.09 (-0.06, 0.24)

0.12 (-0.21, 0.46)

-0.39 (-0.81, 0.03)

0.34 (0.03, 0.65)

Effect

100.00

58.41

5.50

7.84

4.96

7.88

4.32

Weight

6.45
6.95

7.82

4.91

41.59

6.77

5.95

6.57

7.83

5.63

4.72

5.91

%

Favours usual care  Favours case management 
0 1.5-.5-1

Social worker included/not included
Utilisation of primary care (short-term)
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NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 39.6%, p = 0.027)

No social worker

Enguidanos 2006

Gagnon 1999

De Stampa 2014

Subtotal  (I-squared = 50.4%, p = 0.019)

Study

Levine 2012

Martin 2004

Rodenas 2008

Boult 2008

Sledge 2006

Sylvia 2008

Newcomer 2004

Shannon 2006

Toseland 1996

Burns 1995

Fitzgerald 1994

Leung 2004

Rubenstein 2007
Ploeg 2010

Fan 2012

Bernabei 1998
Social worker

Schraeder 2001

Counsell 2007

Subtotal  (I-squared = 5.4%, p = 0.391)

Bird 2010

Dorr 2008

0.04 (-0.02, 0.10)

-0.03 (-0.35, 0.30)

-0.12 (-0.31, 0.07)

0.16 (-0.25, 0.57)

0.02 (-0.06, 0.09)

size (95% CI)

0.19 (-0.04, 0.41)

-0.37 (-0.79, 0.04)

0.19 (-0.15, 0.52)

0.13 (-0.07, 0.33)

Effect

0.19 (-0.21, 0.59)

0.23 (-0.12, 0.58)

0.00 (-0.09, 0.10)

0.30 (-0.05, 0.65)

-0.01 (-0.32, 0.30)

0.19 (-0.16, 0.54)

0.02 (-0.13, 0.17)

-0.10 (-0.34, 0.14)

-0.01 (-0.16, 0.14)
0.19 (0.04, 0.34)

-0.01 (-0.20, 0.18)

0.30 (0.02, 0.58)

-0.10 (-0.26, 0.06)

-0.05 (-0.32, 0.21)

0.10 (0.00, 0.20)

0.54 (0.12, 0.97)

-0.09 (-0.24, 0.06)

100.00

2.70

5.61

1.86

69.35

Weight

4.49

1.83

2.55

5.33

%

1.92

2.42

9.64

2.36

2.90

2.43

7.03

4.13

7.13
7.26

5.60

3.42

6.84

3.75

30.65

1.74

7.08

0.04 (-0.02, 0.10)

-0.03 (-0.35, 0.30)

-0.12 (-0.31, 0.07)

0.16 (-0.25, 0.57)

0.02 (-0.06, 0.09)

size (95% CI)

0.19 (-0.04, 0.41)

-0.37 (-0.79, 0.04)

0.19 (-0.15, 0.52)

0.13 (-0.07, 0.33)

Effect

0.19 (-0.21, 0.59)

0.23 (-0.12, 0.58)

0.00 (-0.09, 0.10)

0.30 (-0.05, 0.65)

-0.01 (-0.32, 0.30)

0.19 (-0.16, 0.54)

0.02 (-0.13, 0.17)

-0.10 (-0.34, 0.14)

-0.01 (-0.16, 0.14)
0.19 (0.04, 0.34)

-0.01 (-0.20, 0.18)

0.30 (0.02, 0.58)

-0.10 (-0.26, 0.06)

-0.05 (-0.32, 0.21)

0.10 (0.00, 0.20)

0.54 (0.12, 0.97)

-0.09 (-0.24, 0.06)

100.00

2.70

5.61

1.86

69.35

Weight

4.49

1.83

2.55

5.33

%

1.92

2.42

9.64

2.36

2.90

2.43

7.03

4.13

7.13
7.26

5.60

3.42

6.84

3.75

30.65

1.74

7.08

Favours usual care  Favours case management 
0 1.5-.5-1

Social worker included/not included
Utilisation of secondary care (short-term)
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NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 22.8%, p = 0.194)

Kruse 2010
Hogg 2009

Toseland 1996

Study

Stuck 2000

Social worker

Boult 2008

Counsell 2007

Subtotal  (I-squared = 23.9%, p = 0.209)

Dorr 2008
Dalby 2000

Subtotal  (I-squared = 39.0%, p = 0.178)

Fordyce 1997

Beland 2006a

Schraeder 2001
Schraeder 2008

van Hout 2010

Gravelle 2007

Rubenstein 2007

Burns 1995

No social worker

-0.02 (-0.08, 0.04)

0.06 (-0.16, 0.27)
0.08 (-0.17, 0.33)

0.08 (-0.23, 0.39)

size (95% CI)

-0.41 (-0.75, -0.07)

0.06 (-0.13, 0.25)

-0.30 (-0.57, -0.03)

-0.02 (-0.08, 0.05)

-0.15 (-0.33, 0.03)
0.13 (-0.20, 0.47)

-0.04 (-0.21, 0.13)

0.06 (-0.07, 0.19)

0.02 (-0.14, 0.18)

0.06 (-0.09, 0.20)
-0.07 (-0.29, 0.15)

-0.10 (-0.28, 0.07)

-0.17 (-0.42, 0.08)

0.01 (-0.14, 0.16)

0.07 (-0.33, 0.46)

Effect

100.00

5.96
4.55

3.19

Weight

2.68

7.30

4.03

81.49

7.81
2.82

18.51

11.96

9.24

10.19
5.61

8.03

4.63

9.95

2.04

%

-0.02 (-0.08, 0.04)

0.06 (-0.16, 0.27)
0.08 (-0.17, 0.33)

0.08 (-0.23, 0.39)

size (95% CI)

-0.41 (-0.75, -0.07)

0.06 (-0.13, 0.25)

-0.30 (-0.57, -0.03)

-0.02 (-0.08, 0.05)

-0.15 (-0.33, 0.03)
0.13 (-0.20, 0.47)

-0.04 (-0.21, 0.13)

0.06 (-0.07, 0.19)

0.02 (-0.14, 0.18)

0.06 (-0.09, 0.20)
-0.07 (-0.29, 0.15)

-0.10 (-0.28, 0.07)

-0.17 (-0.42, 0.08)

0.01 (-0.14, 0.16)

0.07 (-0.33, 0.46)

Effect

100.00

5.96
4.55

3.19

Weight

2.68

7.30

4.03

81.49

7.81
2.82

18.51

11.96

9.24

10.19
5.61

8.03

4.63

9.95

2.04

%

Favours usual care  Favours case management 
0 1.5-.5-1

Social worker included/not included
Utilisation of secondary care (long-term)
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S3 APPENDIX:  

RESULTS OF THE SENSITIVITY ANALYSIS EXCLUDING STUDIES AT HIGH RISK OF 

BIAS* 
 

* No significant results remain following Holm-Bonferroni correction for multiple comparisons 

 

PRIMARY ANALYSIS – SENSITIVITY ANALYSIS 

 

NOTE: Weights are from random effects analysis

.

.

Short-term (0-12 Months)
Bernabei 1998
Boult 2008
Burns 1995
Fitzgerald 1994
Leung 2004
Levine 2012
Morishita 1998
Newcomer 2004
Ploeg 2010
Rodenas 2008
Shannon 2006
Sledge 2006
Sylvia 2008
Toseland 1996
Subtotal  (I-squared = 81.2%, p = 0.000)

Long-term (13+ Months)
Beland 2006a
Boult 2008
Burns 1995
Dalby 2000
Hogg 2009
Kruse 2010
Toseland 1996
Subtotal  (I-squared = 78.6%, p = 0.000)

Study

0.34 (0.03, 0.65)
0.09 (-0.06, 0.24)
-0.10 (-0.50, 0.29)
0.07 (-0.09, 0.22)
-0.19 (-0.43, 0.05)
0.05 (-0.18, 0.28)
0.28 (0.01, 0.55)
0.00 (-0.15, 0.15)
0.03 (-0.12, 0.18)
0.12 (-0.21, 0.46)
-0.40 (-0.66, -0.14)
-0.48 (-0.88, -0.08)
-0.08 (-0.43, 0.26)
-1.01 (-1.32, -0.70)
-0.08 (-0.22, 0.07)

-0.34 (-0.52, -0.16)
0.05 (-0.09, 0.19)
0.38 (-0.01, 0.78)
-0.29 (-0.63, 0.04)
-0.01 (-0.26, 0.25)
0.06 (-0.15, 0.28)
-0.52 (-0.83, -0.21)
-0.10 (-0.29, 0.09)

size (95% CI)
Effect

6.51
8.58
5.48
8.57
7.44
7.63
7.10
8.60
8.63
6.20
7.22
5.43
6.06
6.55
100.00

16.53
17.50
10.66
12.28
14.52
15.60
12.90
100.00

Weight
%

0.34 (0.03, 0.65)
0.09 (-0.06, 0.24)
-0.10 (-0.50, 0.29)
0.07 (-0.09, 0.22)
-0.19 (-0.43, 0.05)
0.05 (-0.18, 0.28)
0.28 (0.01, 0.55)
0.00 (-0.15, 0.15)
0.03 (-0.12, 0.18)
0.12 (-0.21, 0.46)
-0.40 (-0.66, -0.14)
-0.48 (-0.88, -0.08)
-0.08 (-0.43, 0.26)
-1.01 (-1.32, -0.70)
-0.08 (-0.22, 0.07)

-0.34 (-0.52, -0.16)
0.05 (-0.09, 0.19)
0.38 (-0.01, 0.78)
-0.29 (-0.63, 0.04)
-0.01 (-0.26, 0.25)
0.06 (-0.15, 0.28)
-0.52 (-0.83, -0.21)
-0.10 (-0.29, 0.09)

size (95% CI)
Effect

6.51
8.58
5.48
8.57
7.44
7.63
7.10
8.60
8.63
6.20
7.22
5.43
6.06
6.55
100.00

16.53
17.50
10.66
12.28
14.52
15.60
12.90
100.00

Weight
%

Favours usual care  Favours case management 
0 1.5-.5-1

Utilisation of primary and non-specialist care
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NOTE: Weights are from random effects analysis

.

.

Short-term (0-12 Months)
Bernabei 1998
Bird 2010
Boult 2008
Burns 1995
Counsell 2007
De Stampa 2014
Dorr 2008
Fan 2012
Fitzgerald 1994
Gagnon 1999
Leung 2004
Levine 2012
Newcomer 2004
Ploeg 2010
Rodenas 2008
Rubenstein 2007
Schraeder 2001
Shannon 2006
Sledge 2006
Sylvia 2008
Toseland 1996
Subtotal  (I-squared = 38.5%, p = 0.038)

Long-term (13+ Months)
Beland 2006a
Boult 2008
Burns 1995
Counsell 2007
Dalby 2000
Dorr 2008
Fordyce 1997
Gravelle 2007
Hogg 2009
Kruse 2010
Rubenstein 2007
Schraeder 2001
Schraeder 2008
Stuck 2000
Toseland 1996
van Hout 2010
Subtotal  (I-squared = 22.8%, p = 0.194)

Study

0.30 (0.02, 0.58)
0.54 (0.12, 0.97)
0.13 (-0.07, 0.33)
0.19 (-0.16, 0.54)
-0.05 (-0.32, 0.21)
0.16 (-0.25, 0.57)
-0.09 (-0.24, 0.06)
-0.01 (-0.20, 0.18)
0.02 (-0.13, 0.17)
-0.12 (-0.31, 0.07)
-0.10 (-0.34, 0.14)
0.19 (-0.04, 0.41)
0.00 (-0.09, 0.10)
0.19 (0.04, 0.34)
0.19 (-0.15, 0.52)
-0.01 (-0.16, 0.14)
-0.10 (-0.26, 0.06)
0.30 (-0.05, 0.65)
0.19 (-0.21, 0.59)
0.23 (-0.12, 0.58)
-0.01 (-0.32, 0.30)
0.05 (-0.01, 0.11)

0.02 (-0.14, 0.18)
0.06 (-0.13, 0.25)
0.07 (-0.33, 0.46)
-0.30 (-0.57, -0.03)
0.13 (-0.20, 0.47)
-0.15 (-0.33, 0.03)
0.06 (-0.07, 0.19)
-0.17 (-0.42, 0.08)
0.08 (-0.17, 0.33)
0.06 (-0.16, 0.27)
0.01 (-0.14, 0.16)
0.06 (-0.09, 0.20)
-0.07 (-0.29, 0.15)
-0.41 (-0.75, -0.07)
0.08 (-0.23, 0.39)
-0.10 (-0.28, 0.07)
-0.02 (-0.08, 0.04)

size (95% CI)
Effect

3.52
1.77
5.57
2.47
3.86
1.89
7.50
5.86
7.44
5.87
4.27
4.66
10.44
7.70
2.60
7.56
7.23
2.40
1.95
2.47
2.97
100.00

9.24
7.30
2.04
4.03
2.82
7.81
11.96
4.63
4.55
5.96
9.95
10.19
5.61
2.68
3.19
8.03
100.00

Weight
%

0.30 (0.02, 0.58)
0.54 (0.12, 0.97)
0.13 (-0.07, 0.33)
0.19 (-0.16, 0.54)
-0.05 (-0.32, 0.21)
0.16 (-0.25, 0.57)
-0.09 (-0.24, 0.06)
-0.01 (-0.20, 0.18)
0.02 (-0.13, 0.17)
-0.12 (-0.31, 0.07)
-0.10 (-0.34, 0.14)
0.19 (-0.04, 0.41)
0.00 (-0.09, 0.10)
0.19 (0.04, 0.34)
0.19 (-0.15, 0.52)
-0.01 (-0.16, 0.14)
-0.10 (-0.26, 0.06)
0.30 (-0.05, 0.65)
0.19 (-0.21, 0.59)
0.23 (-0.12, 0.58)
-0.01 (-0.32, 0.30)
0.05 (-0.01, 0.11)

0.02 (-0.14, 0.18)
0.06 (-0.13, 0.25)
0.07 (-0.33, 0.46)
-0.30 (-0.57, -0.03)
0.13 (-0.20, 0.47)
-0.15 (-0.33, 0.03)
0.06 (-0.07, 0.19)
-0.17 (-0.42, 0.08)
0.08 (-0.17, 0.33)
0.06 (-0.16, 0.27)
0.01 (-0.14, 0.16)
0.06 (-0.09, 0.20)
-0.07 (-0.29, 0.15)
-0.41 (-0.75, -0.07)
0.08 (-0.23, 0.39)
-0.10 (-0.28, 0.07)
-0.02 (-0.08, 0.04)

size (95% CI)
Effect

3.52
1.77
5.57
2.47
3.86
1.89
7.50
5.86
7.44
5.87
4.27
4.66
10.44
7.70
2.60
7.56
7.23
2.40
1.95
2.47
2.97
100.00

9.24
7.30
2.04
4.03
2.82
7.81
11.96
4.63
4.55
5.96
9.95
10.19
5.61
2.68
3.19
8.03
100.00

Weight
%

Favours usual care  Favours case management 

0 1.5-.5-1

Utilisation of secondary care
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SECONDARY ANALYSIS – SENSITIVITY ANALYSIS 
Outcome (time-period) Subgroup effect size (number of studies) 

 MDT (19) Single (15) 
Utilisation primary care (short) -0.09 (-0.31 to 0.14) (10) -0.04 (-0.20 to 0.11) (4) 
Utilisation secondary care (short) 0.10 (0.01 to 0.20)* (13) 0.01 (-0.06 to 0.09) (8) 
 Low PHC score (22) Int/high PHC score (12) 
Utilisation primary care (short) -0.14 (-0.33 to 0.05) (10) 0.05 (-0.14 to 0.25) (4) 
Utilisation secondary care (short) 0.01 (-0.03 to 0.06) (15) 0.13 (-0.05 to 0.31) (6) 
 Clinical Judgement (4) Risk modelling (30) 
Utilisation primary care (short) n/a n/a 
Utilisation secondary care (short) -0.06 (-0.18 to 0.06) (3) 0.07 (0.01 to 0.14)* (18) 
 RCT (26) Non-RCT (8) 
Utilisation primary care (short) n/a n/a 
Utilisation secondary care (short) 0.04 (-0.02 to 0.10) (17) 0.17 (-0.11 to 0.45) (4) 
 Social worker (11) No social worker (23) 
Utilisation primary care (short) -0.15 (-0.42 to 0.12) (9) 0.04 (-0.03 to 0.11) (5) 
Utilisation secondary care (short) 0.11 (0.01 to 0.22)* (9) 0.03 (-0.04 to 0.10) (12) 
No significant difference between subgroups (p<0.05) 
* = significant in-subgroup effect (p<0.05) 
Note: Positive effect size favours case management for all measures 
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RESULTS OF THE SENSITIVITY ANALYSIS EXCLUDING STUDIES CONDUCTED IN 

VETERAN’S SETTINGS (OVER 90% MALE POPULATION)* 
 

* No significant results remain following Holm-Bonferroni correction for multiple comparisons 

 

PRIMARY ANALYSIS – SENSITIVITY ANALYSIS 

 

NOTE: Weights are from random effects analysis

.

.

Short-term (0-12 Months)

Boult 2008

Counsell 2007

Levine 2012

Ploeg 2010

Schraeder 2001

Sledge 2006

Sylvia 2008

Subtotal  (I-squared = 0.0%, p = 0.770)

Long-term (13+ Months)

Counsell 2007

Hogg 2009

Morishita 1998

Schraeder 2001

Subtotal  (I-squared = 42.1%, p = 0.159)

Study

0.05 (-0.08, 0.19)

-0.02 (-0.28, 0.24)

0.06 (-0.12, 0.23)

0.00 (-0.15, 0.15)

-0.08 (-0.21, 0.05)

-0.04 (-0.44, 0.36)

0.16 (-0.18, 0.51)

0.00 (-0.06, 0.07)

0.06 (-0.20, 0.32)

-0.35 (-0.67, -0.04)

0.02 (-0.14, 0.19)

-0.08 (-0.21, 0.05)

-0.06 (-0.19, 0.07)

size (95% CI)

Effect

24.19

6.55

15.08

20.85

26.86

2.78

3.68

100.00

17.72

13.16

30.91

38.21

100.00

Weight

%

0.05 (-0.08, 0.19)

-0.02 (-0.28, 0.24)

0.06 (-0.12, 0.23)

0.00 (-0.15, 0.15)

-0.08 (-0.21, 0.05)

-0.04 (-0.44, 0.36)

0.16 (-0.18, 0.51)

0.00 (-0.06, 0.07)

0.06 (-0.20, 0.32)

-0.35 (-0.67, -0.04)

0.02 (-0.14, 0.19)

-0.08 (-0.21, 0.05)

-0.06 (-0.19, 0.07)

size (95% CI)

Effect

24.19

6.55

15.08

20.85

26.86

2.78

3.68

100.00

17.72

13.16

30.91

38.21

100.00

Weight

%

Favours usual care  Favours case management 
0 1.5-.5-1

Total cost of services
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NOTE: Weights are from random effects analysis

.

.

Short-term (0-12 Months)
Bernabei 1998
Bird 2010
Boyd 1996
Dorr 2008
Ploeg 2010
Schraeder 2001
Shannon 2006
Sledge 2006
Subtotal  (I-squared = 15.6%, p = 0.307)

Long-term (13+ Months)
Boult 2008
Coburn 2012
Counsell 2007
Dalby 2000
Dorr 2008
Gravelle 2007
Kruse 2010
Morishita 1998
Schraeder 2001
Stuck 2000
van Hout 2010
Subtotal  (I-squared = 40.6%, p = 0.078)

Study

0.03 (-0.25, 0.30)
0.52 (-0.07, 1.11)
-0.10 (-0.63, 0.43)
0.11 (0.03, 0.18)
0.00 (-0.14, 0.15)
0.05 (-0.41, 0.51)
0.33 (0.10, 0.56)
0.14 (-0.26, 0.54)
0.10 (0.02, 0.18)

0.07 (-0.15, 0.29)
0.09 (0.00, 0.19)
0.03 (-0.10, 0.16)
-0.21 (-0.54, 0.12)
0.10 (0.03, 0.17)
-0.21 (-0.46, 0.04)
0.01 (-0.20, 0.22)
0.02 (-0.14, 0.19)
-0.19 (-0.44, 0.06)
-0.26 (-0.58, 0.06)
0.03 (-0.13, 0.18)
0.01 (-0.05, 0.08)

size (95% CI)
Effect

7.73
1.86
2.26
48.57
22.13
3.01
10.51
3.93
100.00

6.43
16.76
12.92
3.32
19.84
5.26
6.78
9.62
5.18
3.44
10.47
100.00

Weight
%

0.03 (-0.25, 0.30)
0.52 (-0.07, 1.11)
-0.10 (-0.63, 0.43)
0.11 (0.03, 0.18)
0.00 (-0.14, 0.15)
0.05 (-0.41, 0.51)
0.33 (0.10, 0.56)
0.14 (-0.26, 0.54)
0.10 (0.02, 0.18)

0.07 (-0.15, 0.29)
0.09 (0.00, 0.19)
0.03 (-0.10, 0.16)
-0.21 (-0.54, 0.12)
0.10 (0.03, 0.17)
-0.21 (-0.46, 0.04)
0.01 (-0.20, 0.22)
0.02 (-0.14, 0.19)
-0.19 (-0.44, 0.06)
-0.26 (-0.58, 0.06)
0.03 (-0.13, 0.18)
0.01 (-0.05, 0.08)

size (95% CI)
Effect

7.73
1.86
2.26
48.57
22.13
3.01
10.51
3.93
100.00

6.43
16.76
12.92
3.32
19.84
5.26
6.78
9.62
5.18
3.44
10.47
100.00

Weight
%

Favours usual care  Favours case management 
0 1.5-.5-1

Mortality
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NOTE: Weights are from random effects analysis

.

.

Short-term (0-12 Months)

Boult 2008

Gagnon 1999

Levine 2012

Rodenas 2008

Sledge 2006

Sylvia 2008

Subtotal  (I-squared = 0.0%, p = 0.449)

Long-term (13+ Months)

Boult 2008

Counsell 2007

Morishita 1998

Subtotal  (I-squared = 92.1%, p = 0.000)

Study

0.39 (0.11, 0.67)

0.20 (-0.02, 0.42)

0.28 (0.05, 0.51)

0.60 (0.21, 1.00)

0.42 (-0.03, 0.87)

0.12 (-0.24, 0.48)

0.30 (0.18, 0.42)

0.42 (0.14, 0.69)

0.07 (-0.07, 0.22)

0.66 (0.48, 0.84)

0.38 (-0.02, 0.78)

size (95% CI)

Effect

17.74

28.43

27.04

8.96

6.86

10.97

100.00

31.15

34.83

34.02

100.00

Weight

%

0.39 (0.11, 0.67)

0.20 (-0.02, 0.42)

0.28 (0.05, 0.51)

0.60 (0.21, 1.00)

0.42 (-0.03, 0.87)

0.12 (-0.24, 0.48)

0.30 (0.18, 0.42)

0.42 (0.14, 0.69)

0.07 (-0.07, 0.22)

0.66 (0.48, 0.84)

0.38 (-0.02, 0.78)

size (95% CI)

Effect

17.74

28.43

27.04

8.96

6.86

10.97

100.00

31.15

34.83

34.02

100.00

Weight

%

Favours usual care  Favours case management 
0 1.5-.5-1

Patient satisfaction
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NOTE: Weights are from random effects analysis

.

.

Short-term (0-12 Months)
Bernabei 1998
De Stampa 2014
Gagnon 1999
Leung 2004
Metzelthin 2013
Morishita 1998
Newcomer 2004
Ploeg 2010
Sledge 2006
van Hout 2010
Subtotal  (I-squared = 45.8%, p = 0.055)

Long-term (13+ Months)
Boult 2008
Counsell 2007
Hogg 2009
Metzelthin 2013
Morishita 1998
Stuck 2000
van Hout 2010
Subtotal  (I-squared = 1.7%, p = 0.412)

Study

0.34 (0.06, 0.62)
0.48 (0.06, 0.89)
0.08 (-0.14, 0.31)
-0.05 (-0.30, 0.19)
-0.07 (-0.29, 0.14)
0.17 (0.01, 0.34)
0.00 (-0.07, 0.07)
0.06 (-0.08, 0.21)
0.07 (-0.39, 0.52)
-0.08 (-0.23, 0.07)
0.06 (-0.03, 0.14)

-0.06 (-0.19, 0.07)
0.06 (-0.07, 0.19)
0.01 (-0.25, 0.27)
-0.08 (-0.30, 0.13)
0.12 (-0.06, 0.31)
-0.03 (-0.41, 0.35)
-0.12 (-0.27, 0.04)
-0.01 (-0.08, 0.05)

size (95% CI)
Effect

6.41
3.34
8.86
7.78
9.34
12.50
21.50
14.02
2.86
13.38
100.00

24.66
26.03
6.33
9.54
12.51
2.94
18.00
100.00

Weight
%

0.34 (0.06, 0.62)
0.48 (0.06, 0.89)
0.08 (-0.14, 0.31)
-0.05 (-0.30, 0.19)
-0.07 (-0.29, 0.14)
0.17 (0.01, 0.34)
0.00 (-0.07, 0.07)
0.06 (-0.08, 0.21)
0.07 (-0.39, 0.52)
-0.08 (-0.23, 0.07)
0.06 (-0.03, 0.14)

-0.06 (-0.19, 0.07)
0.06 (-0.07, 0.19)
0.01 (-0.25, 0.27)
-0.08 (-0.30, 0.13)
0.12 (-0.06, 0.31)
-0.03 (-0.41, 0.35)
-0.12 (-0.27, 0.04)
-0.01 (-0.08, 0.05)

size (95% CI)
Effect

6.41
3.34
8.86
7.78
9.34
12.50
21.50
14.02
2.86
13.38
100.00

24.66
26.03
6.33
9.54
12.51
2.94
18.00
100.00

Weight
%

Favours usual care  Favours case management 
0 1.5-.5-1

Self-assessed health status
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NOTE: Weights are from random effects analysis

.

.

Short-term (0-12 Months)
Bernabei 1998
Boult 2008
Enguidanos 2006
Leung 2004
Levine 2012
Martin 2004
Morishita 1998
Newcomer 2004
Ploeg 2010
Rodenas 2008
Shannon 2006
Sledge 2006
Sylvia 2008
Subtotal  (I-squared = 62.0%, p = 0.002)

Long-term (13+ Months)
Beland 2006a
Boult 2008
Dalby 2000
Hogg 2009
Kruse 2010
Subtotal  (I-squared = 73.1%, p = 0.005)

Study

0.34 (0.03, 0.65)
0.09 (-0.06, 0.24)
0.05 (-0.41, 0.51)
-0.19 (-0.43, 0.05)
0.05 (-0.18, 0.28)
-0.39 (-0.81, 0.03)
0.28 (0.01, 0.55)
0.00 (-0.15, 0.15)
0.03 (-0.12, 0.18)
0.12 (-0.21, 0.46)
-0.40 (-0.66, -0.14)
-0.48 (-0.88, -0.08)
-0.08 (-0.43, 0.26)
-0.02 (-0.14, 0.09)

-0.34 (-0.52, -0.16)
0.05 (-0.09, 0.19)
-0.29 (-0.63, 0.04)
-0.01 (-0.26, 0.25)
0.06 (-0.15, 0.28)
-0.09 (-0.27, 0.09)

size (95% CI)
Effect

6.74
11.19
4.22
8.48
8.89
4.78
7.81
11.22
11.31
6.23
8.04
5.08
6.01
100.00

22.28
24.35
14.57
18.38
20.42
100.00

Weight
%

0.34 (0.03, 0.65)
0.09 (-0.06, 0.24)
0.05 (-0.41, 0.51)
-0.19 (-0.43, 0.05)
0.05 (-0.18, 0.28)
-0.39 (-0.81, 0.03)
0.28 (0.01, 0.55)
0.00 (-0.15, 0.15)
0.03 (-0.12, 0.18)
0.12 (-0.21, 0.46)
-0.40 (-0.66, -0.14)
-0.48 (-0.88, -0.08)
-0.08 (-0.43, 0.26)
-0.02 (-0.14, 0.09)

-0.34 (-0.52, -0.16)
0.05 (-0.09, 0.19)
-0.29 (-0.63, 0.04)
-0.01 (-0.26, 0.25)
0.06 (-0.15, 0.28)
-0.09 (-0.27, 0.09)

size (95% CI)
Effect

6.74
11.19
4.22
8.48
8.89
4.78
7.81
11.22
11.31
6.23
8.04
5.08
6.01
100.00

22.28
24.35
14.57
18.38
20.42
100.00

Weight
%

Favours usual care  Favours case management 
0 1.5-.5-1

Utilisation of primary and non-specialist care
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NOTE: Weights are from random effects analysis

.

.

Short-term (0-12 Months)
Bernabei 1998
Bird 2010
Boult 2008
Counsell 2007
De Stampa 2014
Dorr 2008
Enguidanos 2006
Gagnon 1999
Leung 2004
Levine 2012
Martin 2004
Newcomer 2004
Ploeg 2010
Rodenas 2008
Schraeder 2001
Shannon 2006
Sledge 2006
Sylvia 2008
Subtotal  (I-squared = 51.4%, p = 0.006)

Long-term (13+ Months)
Beland 2006a
Boult 2008
Counsell 2007
Dalby 2000
Dorr 2008
Fordyce 1997
Gravelle 2007
Hogg 2009
Kruse 2010
Schraeder 2001
Schraeder 2008
Stuck 2000
van Hout 2010
Subtotal  (I-squared = 36.2%, p = 0.093)

Study

0.30 (0.02, 0.58)
0.54 (0.12, 0.97)
0.13 (-0.07, 0.33)
-0.05 (-0.32, 0.21)
0.16 (-0.25, 0.57)
-0.09 (-0.24, 0.06)
-0.03 (-0.35, 0.30)
-0.12 (-0.31, 0.07)
-0.10 (-0.34, 0.14)
0.19 (-0.04, 0.41)
-0.37 (-0.79, 0.04)
0.00 (-0.09, 0.10)
0.19 (0.04, 0.34)
0.19 (-0.15, 0.52)
-0.10 (-0.26, 0.06)
0.30 (-0.05, 0.65)
0.19 (-0.21, 0.59)
0.23 (-0.12, 0.58)
0.06 (-0.02, 0.14)

0.02 (-0.14, 0.18)
0.06 (-0.13, 0.25)
-0.30 (-0.57, -0.03)
0.13 (-0.20, 0.47)
-0.15 (-0.33, 0.03)
0.06 (-0.07, 0.19)
-0.17 (-0.42, 0.08)
0.08 (-0.17, 0.33)
0.06 (-0.16, 0.27)
0.06 (-0.09, 0.20)
-0.07 (-0.29, 0.15)
-0.41 (-0.75, -0.07)
-0.10 (-0.28, 0.07)
-0.03 (-0.10, 0.04)

size (95% CI)
Effect

4.94
2.73
7.06
5.33
2.90
8.71
4.04
7.34
5.77
6.17
2.85
10.75
8.86
3.84
8.49
3.58
2.98
3.66
100.00

10.47
8.65
5.18
3.74
9.14
12.74
5.86
5.78
7.30
11.29
6.93
3.57
9.35
100.00

Weight
%

0.30 (0.02, 0.58)
0.54 (0.12, 0.97)
0.13 (-0.07, 0.33)
-0.05 (-0.32, 0.21)
0.16 (-0.25, 0.57)
-0.09 (-0.24, 0.06)
-0.03 (-0.35, 0.30)
-0.12 (-0.31, 0.07)
-0.10 (-0.34, 0.14)
0.19 (-0.04, 0.41)
-0.37 (-0.79, 0.04)
0.00 (-0.09, 0.10)
0.19 (0.04, 0.34)
0.19 (-0.15, 0.52)
-0.10 (-0.26, 0.06)
0.30 (-0.05, 0.65)
0.19 (-0.21, 0.59)
0.23 (-0.12, 0.58)
0.06 (-0.02, 0.14)

0.02 (-0.14, 0.18)
0.06 (-0.13, 0.25)
-0.30 (-0.57, -0.03)
0.13 (-0.20, 0.47)
-0.15 (-0.33, 0.03)
0.06 (-0.07, 0.19)
-0.17 (-0.42, 0.08)
0.08 (-0.17, 0.33)
0.06 (-0.16, 0.27)
0.06 (-0.09, 0.20)
-0.07 (-0.29, 0.15)
-0.41 (-0.75, -0.07)
-0.10 (-0.28, 0.07)
-0.03 (-0.10, 0.04)

size (95% CI)
Effect

4.94
2.73
7.06
5.33
2.90
8.71
4.04
7.34
5.77
6.17
2.85
10.75
8.86
3.84
8.49
3.58
2.98
3.66
100.00

10.47
8.65
5.18
3.74
9.14
12.74
5.86
5.78
7.30
11.29
6.93
3.57
9.35
100.00

Weight
%

Favours usual care  Favours case management 

0 1.5-.5-1

Utilisation of secondary care
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SECONDARY ANALYSIS – SENSITIVITY ANALYSIS 
Outcome (time-period) Subgroup effect size (number of studies) 

 MDT (19) Single (12) 
Mortality (short) n/a n/a 
Mortality (long) 0.01 (-0.08 to 0.10) (4) 0.01 (-0.08 to 0.10) (7) 

Self-rated health (short) 0.13 (-0.03 to 0.29) (6) 0.00 (-0.05 to 0.06) (4) 

Utilisation primary care (short) 0.01 (-0.14 to 0.15) (10) -0.09 (-0.30 to 0.12) (3) 

Utilisation secondary care (short) 0.08 (-0.03 to 0.19) (13) 0.03 (-0.10 to 0.15) (5) 

Utilisation secondary care (long) 0.02 (-0.06 to 0.09) (7) -0.10 (-0.22 to 0.0) (6) 

 Low PHC score (18) Int/high PHC score (13) 
Mortality (short) n/a n/a 

Mortality (long) 0.04 (-0.02 to 0.11) (8) -0.10 (-0.27 to 0.08) (3) 

Self-rated health (short) 0.12 (-0.05 to 0.29) (4) 0.03 (-0.08 to 0.13) (6) 

Utilisation primary care (short) -0.04 (-0.19 to 0.11) (8) -0.00 (-0.20 to 0.20) (5) 

Utilisation secondary care (short) 0.03 (-0.05 to 0.10) (11) 0.08 (-0.10 to 0.26) (7) 

Utilisation secondary care (long) -0.05 (-0.15 to 0.05) (8) -0.02 (-0.12 to 0.07) (5) 

 Clinical Judgement (4) Risk modelling (27) 
Mortality (short) n/a n/a 

Mortality (long) -0.02 (-0.30 to 0.26) (2) 0.01 (-0.06 to 0.08) (9) 

Self-rated health (short) n/a n/a 

Utilisation primary care (short) n/a n/a 

Utilisation secondary care (short) -0.06 (-0.18 to 0.06) (3) 0.09 (-0.00 to 0.18) (15) 

Utilisation secondary care (long) -0.01 (-0.15 to 0.14) (3) -0.04 (-0.13 to 0.04) (10) 

 RCT (23) Non-RCT (8) 
Mortality (short) n/a n/a 

Mortality (long) 0.01 (-0.06 to 0.08) (8) -0.00 (-0.18 to 0.17) (3) 

Self-rated health (short) n/a n/a 

Utilisation primary care (short) n/a n/a 

Utilisation secondary care (short) 0.05 (-0.04 to 0.13) (14) 0.17 (-0.11 to 0.45) (4) 

Utilisation secondary care (long) -0.02 (-0.10 to 0.07) (9) -0.08 (-0.19 to 0.02) (4) 

 Social worker (10) No social worker (21) 
Mortality (short) n/a n/a 

Mortality (long) 0.03 (-0.07 to 0.13) (2) -0.00 (-0.09 to 0.08) (9) 

Self-rated health (short) 0.14 (-0.02 to 0.30) (4) 0.02 (-0.07 to 0.10) (6) 

Utilisation primary care (short) -0.02 (-0.23 to 0.18) (8) 0.01 (-0.09 to 0.11) (5) 

Utilisation secondary care (short) 0.11 (-0.01 to 0.22) (8) 0.03 (-0.07 to 0.13) (10) 

Utilisation secondary care (long) -0.12 (-0.43 to 0.19) (2) -0.02 (-0.10 to 0.05) (11) 

No significant difference between subgroups (p<0.05) 
* = significant in-subgroup effect (p<0.05) 
Note: Positive effect size favours case management for all measures 
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Individual-level	methods	extension	
	
The	parallel	trends	assumption	was	not	fulfilled	when	we	compared	the	PICT	

patients	to	all	possible	control	patients	in	the	CCG.		We	therefore	had	to	match	

intervention	patients	with	potential	controls	from	within	the	CCG	using	one-to-

one	propensity	score.	We	matched	using	characteristics	for	which	the	

intervention	patients	were	selected	in	implementation	(based	on	age;	sex;	index	

of	multiple	deprivation	(IMD)	2010;	total	multimorbidity	count	previous	to	the	

first	available	start	date	of	our	intervention	patients;	previous	inpatient,	

outpatient	and	A&E	attendance	in	the	previous	year	before	the	first	intervention	

patient	start	date).1		

	

As	recommended,2	prior	to	matching,		we	first	imputed	missing	data	for	IMD	

based	on	the	other	complete	variables,	using	multivariate	normal	multiple	

imputation	(we	used	the	STATA	command	‘mi	impute’	and	used	the	average	of	



2	

	

10	imputations).3	2	We	used	STATA’s	‘pscore’	and	‘psmatch2’	commands	for	

propensity	score	matching.4	5			

	

When	we	identified	any	control	patients	who	had	died	before	their	matched	start	

date,	we	eliminated	these	controls	from	the	matching	dataset	(as	well	as	all	those	

intervention	and	control	patients	already	matched	adequately)	and	returned	to	

this	reduced	matching	pool	to	repeat	the	propensity	match	for	the	remaining	

intervention	patients.	This	process	was	repeated	twice,	until	all	intervention	

patients	were	adequately	matched	to	a	living	patient	at	their	start	date	(round	1,	

n=1982	intervention	patients	correctly	matched;	round	2,	n=62;	round	3,	n=5;	

total,	n=2049).	

	

The	fact	that	nearly	all	practices	were	already	implementing	the	intervention	

prior	to	individual-level	analysis	means	the	risk	score	of	the	control	patients	is	

likely	to	be	slightly	lower	than	the	risk	score	of	the	intervention	patients	(i.e.	we	

would	expect	that	the	highest	risk	patients	in	each	practice	would	have	already	

been	signed	up	to	the	intervention).	However,	the	DD	analysis	technique	we	use	

does	not	require	control	and	intervention	groups	to	be	exactly	the	same,	only	

that	they	are	comparable	based	on	parallel	pre-trends	of	each	of	the	outcomes	

assessed.		

	

Outcome	measures	were	summed	to	a	count	per	patient	per	month	over	the	

period	September	2010	to	March	2015	inclusive,	to	allow	a	3-year	pre-trend	

period.	All	summed	co-variates	were	once	again	sourced	from	the	master	
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dataset,	together	with	the	cumulative	multimorbidity	count	(described	in	the	

Appendices).	Missing	observations	were	filled	as	detailed	in	the	Appendices.	

	

Analysis	models	were	chosen	based	on	the	results	of	the	stata	‘countfit’	

command,	which	compares	count	models	based	on	the	Akaike	information	

criterion	(AIC),	the	Bayesian	information	criterion	(BIC),	and	Vuong’s	closeness	

test.	For	the	majority	of	outcomes,	the	best	fitting	model	was	the	negative	

binomial	model.	The	exception	to	this	was	for	total	cost	of	secondary	care	

services,	where	we	used	a	zero-inflated	negative	binomial	model	(inflating	based	

on	admission	events).	In	each	case,	all	three	comparison	tests	agreed	to	the	

count	model	chosen.	The	equation	used	was:	

	

!"#$ = 		 '()*+,"#$ + '.)*+,"#$×)012"#$ + 3$ + 45"$ + 6# 	+		7"#$	

Where:	

yijt	=	outcome	of	person	i	in	practice	j	in	time	t	

PICTijt=	dummy	for	treatment	status	

PICTxPostijt	=	a	dummy	variable	which	equals	one	for	treatment	units	in	the	post-

treatment	period,	and	is	otherwise	zero	

δt=	time	fixed-effects	

	xkit	=	individual	covariates	(age,	cumulative	multimorbidity	count,	IMD	2010	

domains			(excluding	health	domain))	

αj	=	constant	with	absorbed	practice	fixed-effects	

εijt	=	random	error	
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Stratification	by	risk	score	

We	were	interested	to	observe	whether	those	treated	patients	with	a	higher	risk	

score,	were	indeed	those	at	highest	risk	of	future	emergency	admissions,	and	to	

test	whether	those	at	higher	risk	benefited	more	from	the	intervention.		

	

While	we	were	only	able	to	access	the	actual	risk	scores	of	the	intervention	

patients	and	not	the	controls,	due	to	information	governance	rules,	we	assessed	

the	correlation	of	the	actual	risk	score	of	the	intervention	patients	with	the	

propensity	score	we	used	to	match	the	intervention	patients	to	controls.	We	

found	these	to	be	moderately,6	statistically	significantly	correlated	(r=0.38;	

p<0.0001),	and	therefore	assigned	the	same	actual	risk	score	of	the	intervention	

patients	to	their	one-to-one	propensity	matched	control	for	this	sub-analysis.		

	

We	first	looked	descriptively	at	the	association	of	risk	score	and	post-

intervention	outcomes	by	calculating	a	single	‘post-intervention’	admissions	

value	for	each	of	the	secondary	care	utilisation	measures,	and	plotted	this	

graphically	against	the	risk	score.	To	ensure	the	highest	risk	patients	were	not	

also	those	recruited	first	to	the	intervention	(thus	artificially	inflating	our	simple	

measure	for	this	sub-analysis),	we	additionally	plotted	each	intervention	patient	

start	date	together	with	the	risk	score	to	determine	any	time-varying	

relationship	that	might	exist.		

	

We	assigned	those	intervention	patients	and	matched	controls	with	a	risk	score	

more	than	the	75th	percentile	to	the	high-risk	group,	and	conducted	the	DDD	



5	
	

analysis.		The	extended	equation	for	this	extra	interaction-term	becomes,	where	

the	average	partial	effect	of	results	for	β7	is	reported:	

	

!"#$ = 		 '()*+,"#$ + '.)012"#$ + '89*:;" + '<)*+,"#$×)012"#$ + '=)*+,"#$×9*:;"

+ '>)012"#$×9*:;" + '?)*+,"#$×)012"#$×9*:;" + 3$ + 45"$ + 6# 	

+		7"#$	

Where:	

yijt	=	outcome	of	person	i	in	practice	j	in	time	t	

PICTijt=	dummy	for	treatment	status	

RISKi	=	dummy	for	high	risk	score	according	to	risk	tool	

Postijt	=	dummy	for	the	post-treatment	period	

δt=	time	fixed-effects	

	xkit	=	individual	covariates	(age,	cumulative	multimorbidity	count,	IMD	2010	

domains			(excluding	health	domain))	

αj	=	constant	with	absorbed	practice	fixed-effects	

εijt	=	random	error	

	

Practice-level	methods	extension	
	
The	practice	integrated	care	teams	were	initially	introduced	as	an	option	within	

a	mandatory	(contracted	and	paid)	Quality	Process	scheme	in	the	CCG,	therefore	

practices	initially	volunteered	for	PICT.	Due	to	the	staggered	start	dates	of	

practices	signing	up	to	the	PICT	intervention	(see	Error!	Reference	source	not	

found.	in	main	paper),	a	natural	experiment	emerged	at	the	practice-level.	We	

exploited	this	rollout	with	data	collapsed	to	the	practice-level	for	30	practices	in	



6	
	

the	CCG,	for	which	we	had	detailed	start	date	information.	Outcomes	were	

summed	to	a	count	per	1000	patients	per	month	for	each	of	the	practices,	and	

analysed	over	the	period	September	2010	to	March	2015	inclusive,	to	overlap	

with	the	individual-level	analysis.	

	

The	practice	fixed-effects	in	our	analysis	model	act	to	remove	any	observed	and	

unobserved,	time-invariant	confounders	at	the	practice	level	(e.g.	should	PICT	

practices	be	relatively	more	focussed	on	reducing	secondary	care	attendance	

than	non-PICT	practices),	while	the	time	fixed-effects	act	to	remove	any	

fluctuations	in	outcome	due	to	the	general	trend	over	time.	We	report	the	results	

of	β1	in	the	main	text,	together	with	the	corresponding	effect	size.	The	equation	

used	was:	

	

!#$ = 		 '()*+,#$×)012#$ + 3$ + 6# + 7#$	

Where:	

yjt	=	outcome	of	practice	j	in	time	t	

PICTjtxPostjt	=	a	dummy	variable	which	equals	one	for	treatment	units	in	the	

post-treatment	period,	and	is	otherwise	zero	

δt	=	time	fixed	effects	

αj	=	constant	with	absorbed	practice	fixed-effects	

εjt	=	random	error	

	

At	the	practice-level	only,	due	to	the	voluntary	roll-out	of	the	intervention,	we	

attempted	to	assess	the	effects	of	selection	bias	using	a	logistic	regression	model.	

We	attempted	to	predict	the	wave	of	entry	to	the	intervention	using	the	practice	
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characteristics	recorded	(including:	%	males;	%	over	65;	list	size;	number	of	GPs	

per	thousand	patients;	total	IMD	score	2010;	and	total	%	QOF	achievement	

score).7	As	a	further	robustness	check,	we	additionally	re-ran	the	practice-level	

analysis	excluding	those	practices	recruited	to	the	intervention	in	wave	1,	

assuming	these	to	be	the	practices	at	most	risk	of	selection	bias	if	it	did	indeed	

occur.8	

	

Multimorbidity	measure	
	
For	the	individual-level	analysis,	a	multimorbidity	measure	was	prepared	from	

the	previously	recorded	(period	June	2006	to	March	2015)	inpatient	admissions,	

for	20	chronic	conditions	recorded	in	the	Quality	and	Outcomes	Framework	

(QOF)	(see	below	for	list	of	conditions	and	icd-10	codes).9-11	This	measure	was	

recorded	cumulatively	by	month	over	the	dataset,	with	a	binary	indicator	for	

each	condition	‘switched	on’	by	the	recording	in	the	inpatient	record,	

subsequently	staying	‘on’,	with	addition	of	any	further	diagnoses	recorded	at	a	

later	date.	The	cumulative	monthly	total	was	used	in	the	analysis.		

Although	we	would	have	preferred	to	use	chronic	conditions	data	recorded	in	

primary	care	for	our	multimorbidity	measure,	this	data	was	unavailable	for	this	

study.	However,	as	high-risk	patients	(both	the	intervention	and	propensity	

matched	controls),	these	are	probably	the	most	likely	to	encounter	inpatient	

admissions	(and	indeed	were	selected	for	‘high	risk’	of	admissions),	so	should	in	

theory	have	the	most	complete	recordings	at	this	service	level	in	comparison	to	

the	general	population.	From	previous	literature	though,	we	can	expect	our	

multimorbidity	measure	to	be	less	sensitive	(i.e.	predictably	lower	count)	
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because	it	comes	purely	from	hospitalisation	data.12	Nevertheless,	our	

multimorbidity	measure	gained	strength	from	its	cumulative	nature,	accounting	

for	changes	over	the	life-course.	Furthermore,	we	calculated	the	count	based	on	

a	list	of	20	chronic	conditions,	deemed	particularly	important	in	the	UK’s	NHS	

setting,	which	follows	guidance	from	the	multimorbidity	literature.13	

	

1.	Asthma	
J45-J47	
	
2.	Atrial	fibrillation	
I48	
	
3.	Cancer	
C00–C14,	C15–C26,	C30–C39,	
C40–C41,	C43–C44,	C45–C49,	
C50,	C51–C58,	C60–C63,	
C64–C68,	C69–C72,	C73–C75,	
C81–C96,	C76–C80,	C97,	
D00–D09,	D37–D48	(Koller	et	al	2014)	
	
4.	Chronic	kidney	disease	
N18	
	
5.	Coronary	heart	disease	
I20-I25	
	
6.	COPD	
J40-J44	
	
7.	Dementia	
F00-F03	
	
8.	Depression	
F32-F33	
	
9.	Diabetes	mellitus	
E10-E14	
	
10.	Epilepsy	
G40-G41	
	
11.	Heart	failure	
I50	
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12.	Hypertension	
I10-I15	
	
13.	Hypothyroidism	
E00-E03	
	
14.	Learning	disability	
F80-F89	
	
15.	Mental	health	(schizophrenia,	bipolar	affective	disorder	and	other	
psychoses)	
F20-F29,	F31,	F34-F39	
	
16.	Obesity	
E66	
	
17.	Osteoporosis	
M80-M82	
	
18.	Atherosclerosis/Peripheral	arterial	oclusive	disease	(PAOD)	
I65–I66,	I67.2,	I70,	I73.9	
	
19.	Rheumatoid	arthritis	
M05-M06	
	
20.	Cerebral	ischemia/chronic	stroke	
I60–I64,	I69,	G45	
	
	

Missing	data	
	
Any	missing	Lower	Layer	Super	Output	Area	(LSOA)	codes	(n=	295)	were	

updated	with	the	dominant	LSOA	where	patients	live,	according	to	their	GP	

practice	code.14	IMD	domains	(excluding	the	health	domain)	were	matched	to	

the	LSOA	codes.		

	

Missing	panel	data	(where	the	patient	had	no	secondary	care	service	use	in	a	

given	month)	was	filled	with	zero	observations	using	the	STATA	command	‘tsfill’	

to	make	a	balanced	panel	dataset.15	Any	filled	observations	following	inpatient	
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mortality	were	deleted	for	that	given	patient,	as	well	as	any	observations	giving	a	

negative	age	(for	the	youngest	patients	included	in	the	intervention/control).	

	

All	other	data	used	was	complete	in	the	dataset.	

	

	

Ambulatory	Care	Sensitive	Conditions	(ACSCs)	
	
Ambulatory	Care	Sensitive	Conditions	(ACSCs)	are	specified	conditions,	which	

should	be	managed	adequately	at	the	primary	care	level	and	prevented	from	

worsening	to	the	extent	that	secondary	care	is	necessary.	They	are	deemed	an	

indication	of	access	to	and	effectiveness	of	primary	care	in	a	health	system.16	17	

When	these	set	conditions	are	not	managed	effectively	(particularly	in	a	national	

health	system	which	should	provide	universal	access,	as	is	the	case	in	the	UK),	a	

harm	is	befalling	the	patient	and	a	safety	incident	can	be	said	to	have	occurred.18		

	

We	used	the	NHS’s	definition	of	an	ACSC.19	We	included	the	following	icd-10	

codes,	when	they	were	coded	as	the	primary	diagnosis,	for	an	emergency	

admission	only.	

	

Vaccine preventable  
B18.0 Chronic viral hepatitis B with delta-agent  
B18.1 Chronic viral hepatitis B without delta-agent  
Asthma  
J45 Asthma  
J46X Status asthmaticus  
Congestive heart failure  
I11.0 Hypertensive heart disease with (congestive) heart failure  
I50 Heart failure  
J81X Pulmonary oedema  
I13.0 Hypertensive heart and renal disease with (congestive) heart failure  
Diabetes  
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E10 Insulin-dependent diabetes mellitus  
E11 Non-insulin-dependent diabetes mellitus  
E12 Malnutrition-related diabetes mellitus  
E13 Other specified diabetes mellitus  
E14 Unspecified diabetes mellitus  
Chronic obstructive pulmonary disease  
J20 Acute bronchitis  
J41 Simple and mucopurulent chronic bronchitis  
J42X Unspecified chronic bronchitis  
J43 Emphysema  
J44 Other chronic obstructive pulmonary disease  
J47X Bronchiectasis  
Angina  
I20 Angina pectoris  
I25 Chronic ischaemic heart disease  
Iron deficiency anaemia  
D50.1 Sideropenic dysphagia  
D50.8 Other iron deficiency anaemias  
D50.9 Iron deficiency anaemia, unspecified  
D51 Vitamin B12 deficiency anaemia  
D52 Folate deficiency anaemia  
Hypertension  
I10X Essential (primary) hypertension  
I11.9 Hypertensive heart disease without (congestive) heart failure  
Convulsions and epilepsy  
G40 Epilepsy  
G41 Status epilepticus  
Dementia  
F00 Dementia in alzheimers  
F01 Vascular dementia  
F02 Dementia in other diseases  
F03 Unspecified dementia  
Atrial fibrillation and flutter  
I48X Atrial fibrillation and flutter 	

	

Patient	satisfaction	
	
Patient	satisfaction	was	assessed	at	the	practice-level	using	data	from	the	GP	

Patient	Survey	(GPPS).	The	GPPS	was	provided	by	Ipsos	MORI	at	the	individual-

level.20	The	satisfaction	measure	was	analysed	using	two	questions	from	the	

GPPS:	

1. Overall,	how	would	you	describe	your	experience	of	your	GP	surgery?	

(general	satisfaction)	
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2. In	the	last	6	months,	have	you	had	enough	support	from	local	services	or	

organisations	to	help	you	to	manage	your	long-term	health	condition(s)	

(LTC)?	(LTC-specific	satisfaction)	

Responses	were	coded	to	a	binary	variable	(1	for	‘Very	good’/’Yes,	definitely’,	

respectively;	0	for	any	less	positive	response,	with	missing	responses	coded	as	

missing)	for	each	patient	within	each	of	the	30	practices.	This	data	was	collapsed	

(summed)	to	the	practice	level	(with	weights	used	to	collapse	to	representative	

samples	of	practice	populations),	along	with	a	variable	coded	as	‘1’	for	each	

observation,	which	was	consequently	used	to	weight	the	outcomes	by	number	of	

responses	received	for	each	practice,	so	that	no	practice	was	over-represented	in	

the	final	analysis.	The	‘pre-period’	was	three	survey	waves,	comprising	the	

period	from	July	2011	to	September	2012;	and	the	‘post-period’	for	all	practices	

was	two	survey	waves,	comprising	the	period	from	January	2013	to	September	

2013.	

Parallel	Trends	graphs	
Pre-trends	were	additionally	tested	statistically	using	a	continuous	time	linear	

time	trend	interacted	with	the	treatment	dummy,	as	well	as	multiple	time	

dummies	interacted	with	treatment	dummy	and	using	an	f-test	to	assess	overall	

significance,	both	methods	using	the	pre-intervention	data	only.	The	results	of	

these	tests	are	reported	in	the	main	paper.	
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Practice-level	average	trends	(wave	1	practices	versus	later	joining	practices)	
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Individual-level	average	trends	
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Directed	Acyclic	Graphs	(DAGs)	
Co-variates	

We	adjusted	for	co-variates	in	each	model,	chosen	based	on	causal	diagrams,	

known	as	directed	acyclic	graphs	(DAGs	–	see	Appendices).21	DAGs	are	graphical	

descriptions	that	require	us	to	set	down	clearly	our	assumptions	about	causal	

relationships,	and	can	be	used	to	select	the	minimal	sufficient	adjustment	for	

determining	the	causal	relationship	of	interest	(in	this	case	the	effect	of	the	PICT	

intervention	on	each	of	the	outcome	measures	listed	above),	while	ensuring	

minimum	bias.21	

	

The	DAGs	were	created	using	free	open-access	software	available	at	

http://www.dagitty.net/dags.html#.		
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Practice-level	

	

Minimal	sufficient	adjustment	sets	for	estimating	the	total	effect	of	PICT	on	e.g.	

Inpatient	non-elective:	

• Practice,	Time	
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Individual-level	

	
Minimal	sufficient	adjustment	sets	for	estimating	the	total	effect	of	PICT	status	

on	e.g.	Inpatient	non-electives:	

• Age,	IMD,	Multimorbidity_level,	Time	
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Practice-level	robustness	check	estimates	(after	removal	of	wave	1	
practices)	
	
	

+:	adjusted	for	practice	and	time	fixed-effects	with	robust	standard	errors	
*:	standardised	mean	difference	
#:	significant	at	p<0.05	
n=	990	observations;	18	practices	(period	November	2010	to	March	2015)	
	
	

Outcome	 Adjusted+	Intervention	effect	
(95%	CI)	

Effect	size*	

	 Linear	regression	model	 	
Primary	outcomes:	 	
Inpatient	non-electives	 -0.23	(-1.02	to	0.56)	 	 -0.09	
	 	
Inpatient	electives	 0.04	(-0.56	to	0.64)	 	 0.01	
	 	
Outpatient	admissions	 0.99	(-6.17	to	8.15)	 	 0.03	
	 	
A&E	visits	 0.35	(-2.35	to	3.06)	 	 0.03	
	 	
ACSCs	 -0.05	(-0.20	to	0.10)	 	 -0.10	
	 	
Re-admissions	(30	days)	 0.01	(-0.22	to	0.22)	 	 0.02	
	 	
Secondary	outcomes:	 	
Total	cost	of	2o	care	services	 610.36	(-2434.52	to	3655.25)	 	 0.05	
	 	
Length	of	stay	(days)	 4.03	(-4.95	to	13.02)	 	 0.10	
	 	 	 	
Patient	satisfaction	(general)	 -0.03	(-0.10	to	0.05)	 	 -0.24	
	 	
Patient	satisfaction	(LTC-
specific)	

0.01	(-0.05	to	0.07)	 	 0.14	
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Risk	score	stratification	results	(individual-level)	

	
No	indication	of	relationship	between	risk	score	and	time	recruited	to	
intervention.	
	
How	well	does	actual	risk	score	predict	number	of	POST-intervention	
admissions?	
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Risk	Score	DDD	Estimates	
Outcome	 Adjusted+	intervention	effect	

(95%	CI)	
(difference	per	patient	per	
month)	

Effect	size*	

	 Count	(nbreg)	model	 	
Primary	outcomes:		 	
Inpatient	non-electives	 0.0208	(0.0083	to	0.0333)			 #	 0.09	
	 	
Inpatient	electives	 -0.0009	(-0.0174	to	0.0156)	 	 -0.00	
	 	
Outpatient	admissions	 0.0943	(-0.0042	to	0.1927)	 	 0.08	
	 	
A&E	visits	 0.0363	(0.0128	to	0.0598)			 #	 0.09	
	 	
ACSCs	 0.0020	(-0.0029	to	0.0069)	 	 0.02	
	 	
Re-admissions	(30	days)	 0.0059	(-0.0004	to	0.0123)	 	 0.05	
	 	
Secondary	outcomes:	 	
Total	cost	of	2o	care	services	
(£)~	

19.2166	(-20.5574	to	58.9907)	 	 0.02	

	 	
Length	of	stay	(days)	 0.3071	(0.0592	to	0.5549)			 #	 0.06	
+:	Adjusted	for:	age,	cumulative	multimorbidity,	imd	domains	(excluding	health),	
practice-	and	time-	fixed-effects.	Marginal	effects	on	PICT	x	Post	reported.	
*:	Standardised	mean	difference	
#:	significant	at	p<0.05	
nbreg:	negative	binomial	regression	
~:	zero-inflated	negative	binomial	models	based	on	admission	events	
n=	224,898	observations;	4098	individuals	(period	September	2010	to	March	
2015)	
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Appendix 4: Chapter 7 Supplementary files 

 



ADDITIONAL FILE 
MULTIMORBIDITY MEASURES 
The multimorbidity measures (except Charlson index which has its own pre-specified list of condition codes [1]) were prepared from the previously recorded (period June 
2006 to March 2015) inpatient admissions, for 20 chronic conditions recorded in the NHS Quality and Outcomes Framework (QOF) (see below for list of conditions and icd-
10 codes) [2-4]. 

1. Asthma 

J45-J47 

2. Atrial fibrillation 

I48 

3. Cancer 

C00–C14, C15–C26, C30–C39, 

C40–C41, C43–C44, C45–C49, 

C50, C51–C58, C60–C63, 

C64–C68, C69–C72, C73–C75, 

C81–C96, C76–C80, C97, 

D00–D09, D37–D48 (Koller et al 2014) 

4. Chronic kidney disease 

N18 

5. Coronary heart disease 



I20-I25 

6. COPD 

J40-J44 

7. Dementia 

F00-F03 

8. Depression 

F32-F33 

9. Diabetes mellitus 

E10-E14 

10. Epilepsy 

G40-G41 

11. Heart failure 

I50 

12. Hypertension 

I10-I15 

13. Hypothyroidism 

E00-E03 

14. Learning disability 

F80-F89 



15. Mental health (schizophrenia, bipolar affective disorder and other psychoses) 

F20-F29, F31, F34-F39 

16. Obesity 

E66 

17. Osteoporosis 

M80-M82 

18. Atherosclerosis/Peripheral arterial oclusive disease (PAOD) 

I65–I66, I67.2, I70, I73.9 

19. Rheumatoid arthritis 

M05-M06 

20. Cerebral ischemia/chronic stroke 

I60–I64, I69, G45 

  



RESULTS TABLE  
Outcome Mental-physical 3 or more conditions Discordant versus other 
 Count (nbreg) model. 

Adjusted+ intervention 
effect (95% CI) 
(difference per patient per 
month) 

  

Primary outcomes:   
Inpatient non-electives 0.0122 (0.0018 to 0.0228)# 0.0129 (-0.0027 to 0.0286) 0.0078 (-0.0075 to 0.0232) 
   
Inpatient electives -0.0109 (-0.0409 to 0.0191) 0.0023 (-0.0166 to 0.0212) -0.0008 (-0.0156 to 0.0139) 
   
Outpatient visits 0.0169 (-0.0820 to 0.1158) 0.0393 (-0.0717 to 0.1503) 0.0900 (0.0040 to 0.1760)# 
   
A&E visits 0.0200 (0.0009 to 0.0391)# 0.0186 (-0.0031 to 0.0402) 0.0187 (-0.0058 to 0.0432) 
   
ACSCs -0.0006 (-0.0050 to 0.0038) -0.0081 (-0.0199 to 0.0036) 0.0019 (-0.0046 to 0.0084) 
   
Re-admissions (30 days) 0.0006 (-0.0042 to 0.0053) 0.0024 (-0.0065 to 0.0113) -0.0011 (-0.0074 to 0.0053) 
   
Secondary outcomes:   
Total cost of 2o care services (£)~ 13.8866 (-35.6720 to 63.4452) 36.1449 (-2.2763 to 74.5661) 24.9248 (-9.3942 to 59.2437) 
   
Length of stay (days) 0.0612 (-0.2395 to 0.3619) 0.1814 (-0.1933 to 0.5560) 0.0496 (-0.2348 to 0.3340) 



 

Outcome Lit Cluster 1 Lit Cluster 2 Lit Cluster 3 
 Count (nbreg) model. 

Adjusted+ intervention effect 
(95% CI) 
(difference per patient per 
month) 

  

Primary outcomes:   
Inpatient non-electives -0.0284 (-0.0565 to -0.0003)# 0.0014 (-0.0190 to 0.0219) 0.8171 (0.7376 to 0.8966)# 
   
Inpatient electives 0.0071 (-0.0121 to 0.0263) -0.0162 (-0.0431 to 0.0106) -0.0109 (-0.0670 to 0.0452) 
   
Outpatient visits -0.1067 (-0.2334 to 0.0200) -0.0043 (-0.1715 to 0.1628) -0.0397 (-0.3970 to 0.3175) 
   
A&E visits -0.0353 (-0.0796 to 0.0090) -0.0092 (-0.0431 to 0.0248) 0.0387 (-0.1392 to 0.2166) 
   
ACSCs -0.0138 (-0.0317 to 0.0042) 0.0075 (-0.0060 to 0.0210) 0.0001 (-0.0054 to 0.0057) 
   
Re-admissions (30 days) -0.0062 (-0.0277 to 0.0152) 0.0078 (-0.0034 to 0.0190) 0.1805 (0.1624 to 0.1986)# 
   
Secondary outcomes:   
Total cost of 2o care services (£)~ 14.4987 (-60.8355 to 89.8328) 23.1385 (-46.6572 to 92.9341) 83.3950 (-146.0357 to 312.8258) 
   
Length of stay (days) -0.0993 (-0.7057 to 0.5072) 0.2234 (-0.1919 to 0.6387) 1.9649 (0.2253 to 3.7046)# 
 

 

 



 

Outcome Charlson Index 
 Count (nbreg) model. 

Adjusted+ intervention effect 
(95% CI) 
(difference per patient per 
month) 

Primary outcomes: 
Inpatient non-electives -0.0085 (-0.0227 to 0.0056) 
 
Inpatient electives 0.0011 (-0.0197 to 0.0219) 
 
Outpatient visits -0.0340 (-0.1398 to 0.0718) 
 
A&E visits -0.0066 (-0.0303 to 0.0172) 
 
ACSCs -0.0059 (-0.0099 to -0.0019)# 
 
Re-admissions (30 days) -0.0058 (-0.0106 to -0.0010)# 
 
Secondary outcomes: 
Total cost of 2o care services (£)~ -15.0060 (-73.2848 to 43.2728) 
 
Length of stay (days) 0.0081 (-0.2412 to 0.2573) 
+: adjusted for: age, imd domains (excluding health), practice- and time- fixed-effects. Marginal effects on PICT x Post reported. 
*: standardised mean difference 
#: significant at p<0.05 
nbreg: negative binomial regression 
~: zero-inflated negative binomial model based on admission events 
n= 224,898 observations; 4098 individuals (period September 2010 to March 2015) 
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