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Abstract

The role of service factors on variations in place of death:
an observational study

Wei Gao,'* Emeka Chukwusa,’ Julia Verne,? Peihan Yu,'
Giovanna Polato3 and Irene J Higginson'

Cicely Saunders Institute of Palliative Care, Policy and Rehabilitation, King’s College London,
London, UK

2Knowledge and Intelligence (South West), National End of Life Care Intelligence Network,
Public Health England, Bristol, UK

3Monitoring Analytics (Mental Health, Learning Disability and Substance Misuse), Care Quality
Commission, London, UK

*Corresponding author wei.gao@kcl.ac.uk

Background: Previous studies have revealed that there is significant geographical variation in place of
death in (PoD) England, with sociodemographic and clinical characteristics explaining < 25% of this
variation. Service factors, mostly modifiable, may account for some of the unexplained variation, but their
role had never been evaluated systematically.

Methods: A national population-based observational study in England, using National Death Registration
Database (2014) linked to area-level service data from public domains, categorised by commissioning, type
and capacity, location and workforce of the services, and the service use. The relationship between the
service variables and PoD was evaluated using beta regression at the area level and using generalised
linear mixed models at the patient level. The relative contribution of service factors at the area level was
assessed using the per cent of variance explained, measured by R2. The total impact of service factors was
evaluated by the area under the receiver operating characteristic curve (AUC). The independent effect of
service variables was measured at the individual level by odds ratios (ORs).

Results: Among the 431,735 adult deaths, hospitals were the most common PoD (47.3%), followed by
care homes (23.1%), homes (22.5%) and hospices (6.1%). One-third (30.3%) of the deaths were due

to cancer and two-thirds (69.7%) were due to non-cancer causes. Almost all service categories studied
were associated with some of the area-level variation in PoD. Service type and capacity had the strongest
link among all service categories, explaining 14.2-73.8% of the variation; service location explained
10.8-34.1% of the variation. The contribution of other service categories to PoD was inconsistent. At the
individual level, service variables appeared to be more useful in predicting death in hospice than in hospital
or care home, with most AUCs in the fair performance range (0.603-0.691). The independent effect

of service variables on PoD was small overall, but consistent. Distance to the nearest care facility was
negatively associated with death in that facility. At the Clinical Commissioning Group level, the number of
hospices per 10,000 adults was associated with a higher chance of hospice death in non-cancer causes
(OR 30.88, 99% confidence interval 3.46 to 275.44), but a lower chance of hospice death in cancer
causes. There was evidence for an interaction effect between the service variables and sociodemographic
variables on PoD.

Limitations: This study was limited by data availability, particularly those specific to palliative and end-of-life
care; therefore, the findings should be interpreted with caution. Data limitations were partly due to the lack
of attention and investment in this area.
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ABSTRACT

Conclusion: A link was found between service factors and PoD. Hospice capacity was associated with
hospice death in non-cancer cases. Distance to the nearest care facility was negatively correlated with the
probability of a patient dying there. Effect size of the service factors was overall small, but the interactive
effect between service factors and sociodemographic variables suggests that high-quality end-of-life care
needs to be built on service-level configuration tailored to individuals’ circumstances.

Future work: A large data gap was identified and data collection is required nationally on services
relevant to palliative and end-of-life care. Future research is needed to verify the identified links between
service factors and PoD.

Funding: The National Institute for Health Research Health Services and Delivery Research programme.
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Plain English summary

Previous research has found a geographical variation in place of death (PoD) in England, which was only
partly explained by individuals' characteristics. This suggests that health services may play a part in the
geographical variation in PoD, but their role has never been assessed systematically.

The current study examined > 400,000 adult deaths in England and found that nearly 50% of the deaths
occurred in hospitals, about 20% occurred in both care homes and at home, and < 10% occurred in
hospices. Approximately 30% and 70% of the deaths were due to cancer and non-cancer, respectively.

Almost all the service factors studied contributed to the geographical variation in the PoD. Type, capacity
and location of services explained between 11% and 74% of this variation. The contribution of the other
service factors was inconsistent.

The independent association of health services with PoD was weak overall, but it was consistent. It was
found that the further someone lived from a care facility, the less likely it was that they would die there.
Higher hospice capacity was associated with a higher chance of dying in a hospice in non-cancer cases,
but there was a lower chance of this in cancer patients.

The study demonstrates that health services were related to where people die. The effects of health
services were also found to be interacting with individuals’ characteristics, which suggests that high-quality
end-of-life care provision needs to be designed with individuals' circumstances in mind.

This study identified, and was limited by, a large data gap, particularly those that are useful for planning
palliative and end-of-life care services. The data limitation is partly due to a lack of attention and investment
in this area. Thus, we urge for a more comprehensive, national collection of service data relevant to palliative
and end-of-life care. The data limitation also means that further investigation is needed to confirm our
findings.
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Scientific summary

Background

The place of death (PoD) is an important end-of-life care outcome measure that can be objectively
observed. Findings from the previous GUIDE_Care project [Gao W, Ho YK, Verne J, Gordon E, Higginson 1J.
Geographical and temporal Understanding In place of Death in England (1984-2010): analysis of trends
and associated factors to improve end-of-life Care (GUIDE_Care) — primary research. Health Serv Deliv Res
2014;2(42)] revealed that there was a significant geographical variation in the PoD, and sociodemographic
and clinical characteristics of individuals explained < 25% of this variation. Service factors, which are a
group of mostly modifiable factors, may account for some of the unexplained variance in PoD but their
effects had never been evaluated systematically. This study aims to evaluate the role of service factors in
PoD, eventually to inform national and local end-of-life care improvement.

Research questions

1. What is the relative contribution of service factors to geographical variation in PoD?
2. What is the independent effect of service factors on PoD?
3. How do service factors interact with each other and with patient factors to influence the PoD?

Methods

This study was a national population-based observational study in England. Data were collected at the patient
and area level. Patient-level data comprised all non-accidental, adult deaths (n =431,735) in 2014 extracted
from the Death Registry Database maintained by the Office for National Statistics (ONS; 29 January 2015).
Area-level service data in five categories (commissioning, type and capacity, location, workforce, and service
use) were collected from multiple sources in public domains and summarised by the Clinical Commissioning
Group (CCG) (n=211) and local authority (LA) (n = 152). Patient-level data were linked to the area-level service
data through the geographical identifier of the residential address of the deceased. The outcome variable (PoD)
at the area level was analysed as the proportion of deaths in hospital, care home, hospice and home. At the
individual level, this was analysed as a binary indicator where death that had occurred in a hospital, care home
or hospice was 1 and death at home was 0. Data were described by frequency and percentage for categorical
variables, and mean (standard deviation) or median (range) for continuous variables as appropriate.
Geographical information system (GIS) was used to manage, process and visualise the service profiles.

The relative contribution of individual service categories to area-level variations in PoD was assessed by per
cent of variance explained, as measured by the R2. The R? was derived in two steps: the service variables
together with important sociodemographic and clinical variables were used to construct a beta-regression
model to predict the proportion of deaths in PoD, and the predicted proportions of PoD were estimated
and the correlation coefficient (r) with the actual proportions of PoD was calculated. The R? was derived by
squaring the r.

The total impact of service factors by individual service categories was evaluated using the area under the
receiver operating characteristic curve (AUC), derived by fitting the linked individual- and service-level
(multilevel) data to the generalised linear mixed models with the PoD modelled as a binary indicator.

The link function was logit and the distribution was binary.
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The service variables that created the largest AUC within each individual service category were used to
construct multilevel models to evaluate their independent effects on PoD, adjusting for sociodemographic
and clinical variables. The effects were measured by the odds ratios (ORs). The interacting effects between
service variables, and between service, sociodemographic and clinical variables were also evaluated with
the multilevel models. All evaluations were conducted with all non-accidental deaths, for cancer and
non-cancer deaths.

Among the 431,735 adult deaths, hospitals were the most common PoD (47.3%), followed by care homes
(23.1%), homes (22.5%), hospices (6.1%) and other places (1.1%). One-third (30.3%) of the deaths were
caused by cancer and two-thirds (69.7 %) were caused by non-cancer.

Almost all service categories analysed in this study contributed to some of the area-level variation in the PoD.
Service type and capacity were the strongest predictors among all service categories, explaining 36.5-56.6%
of the variation in hospital deaths, 47.8-73.8% of the variation in care home deaths, and a lower level (but
still statistically significant) variation of deaths in hospices (14.2-21.7%) and at home (26.3-46.2%). Service
location contributed to the variation in hospital and care home deaths, and its contribution was not as high
as type and capacity variables but was statistically significant (10.8-34.1%,). Service location was also related
to CCG-level variation of hospice deaths (12.9-13.9%) but showed no effect at the LA level. Home deaths
from cancer were associated with service location at both CCG and LA levels, but none of the distance
measures reached a statistically significant contribution in non-cancer home deaths. Contributions of other
service categories to variation in PoD were inconsistent.

The multilevel models developed using the service variables by individual service categories were mostly of
poor performance in differentiating hospital or care home death from home death. Most AUCs were in
the range of 0.5 to 0.6. Models built with service location variables for care home versus home death

in cancer showed a fair predictive accuracy (0.684 to 0.687). For all deaths, the predictive performance
provided by the service location was satisfactory [0.777, 95% confidence interval (Cl) 0.774 to 0.780]

in the care home versus home model. The service variables appeared more useful in predicting death in
hospice than in hospitals or care homes, with most AUCs in the fair performance range of 0.603 to 0.691.

After controlling for the differences in the patient-level characteristics and each other’s effects, the
area-level service factors did not show strong independent effects on PoD. However, the effect was
consistent across the CCG- and LA-level service attributes, and the direction of the effect was clear.

The distance to the nearest care facility was negatively associated with death in that facility, consistently so
in both CCG- and LA-level models. The CCG-level number of hospices per 10,000 adults was associated
with the significantly higher chance of hospice death (OR 24.22, 99% CI 1.53 to 382.59), but it appeared
that the effect was driven by non-cancer deaths (OR 30.88, 99% Cl 3.46 to 275.44). In cancer deaths, the
hospice capacity was related to the slightly lower chance of hospice death. The distance to nearest hospital
reduced the likelihood of care home death. The distance to the nearest hospice was related to a lower
chance of hospice death. Service use variables showed no effect on hospital or hospice deaths, but the
increased use of acute care (i.e. the mean length of stay in the accident and emergency department and
mean number of occupied hospital beds) was negatively associated with care home death.

Among all of the examined interaction effects, only LA-level service factors interacted with each other and
with sociodemographics to affect the chance of cancer patients dying in a hospital. The distance to the
nearest care home influenced the effect on the number of care home beds, age and sex on hospital death,
with p-values ranging from 0.0002 to 0.0026.
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Conclusions

This is, to date and to our knowledge, the first and largest national population-based evaluation study
of health-care service factors and place of death. A link was found between area-level service factors
(including commissioning, type and capacity, location, workforce, and service use) and the PoD. Hospice
capacity was associated with a significantly higher chance of hospice death in non-cancer deaths but a
slightly lower chance of hospice death in cancer deaths. The distance to the nearest care facility was
negatively related to the probability of a patient dying in that care facility. The effect size of the service
factors was small overall, but there was a significant interactive effect between the service factors,
sociodemographic and clinical variables. This finding suggests that the high-quality end-of-life care needs
to be built on service-level configuration tailored to individuals' circumstances. We identified a large data
gap, which was partly due to a lack of attention and investment in this area, and urge for more national
data collection on services relevant to palliative and end-of-life care. Owing to these data limitations, the
findings need to be explored further in future investigations.

Recommendations
Based on the findings, we make the following preliminary recommendations:

1. To develop a core set of national data, collected using a standardised approach and format, on services
relevant to palliative and end-of-life care, particularly those that may facilitate/prohibit patients
achieving their preferred PoD.

2. To support further research to validate the link between the capacity of care facilities and the PoD, and
to understand why they have different impacts on cancer and non-cancer deaths, including how care
facilities interact with various contextual and other service factors.

3. To support further research to validate the link between distance to health-care facilities as well as
other geographical access measures (e.g. travel time, network measures) and the PoD, and how to
address the inequality caused by limited geographical access.

4. To support research on the application of the research evidence to practices to improve palliative and
end-of-life care, particularly in reducing inequality in care.

5. To support more evaluation research that helps to identify both health and social care services that
contribute to the high quality of care at the end of life, in particular the studies involving routine data
sources (e.g. Hospital Episode Statistics, Clinical Practice Research Datalink, other underused health and
social care data) that can be used to investigate time trends, the trajectories of care outcomes, and
social care and associated contextual factors.

6. To support research in expanding the evidence base on how health and social care service factors affect
care outcomes beyond PoD (e.qg. satisfaction, place of care, preference).

Funding

Funding for this study was provided by the Health Services and Delivery Research programme of the
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Chapter 1 Background

Project context

By 2030, the number of deaths is projected to increase to > 70 million worldwide, with non-communicable
diseases, such as cancers, respiratory and circulatory diseases, and neurological conditions the leading causes.!
The increase in the number of deaths due to these chronic and life-limiting diseases would see a rise in
palliative care needs globally, for which care would need to focus on improving the quality of life of patients
and families of patients with these diseases.?

In England and Wales, a similar mortality pattern is expected. Although the number of deaths per year

in England and Wales has decreased overall since 2001, the number of deaths is projected to increase in
the future due to a larger population, an ageing demographic and post-war baby boomers moving into
old age.3 Non-communicable diseases, often of the chronic and life-limiting types, have become the main
cause of death.# By 2040, this projected increase in deaths due to chronic illnesses would see an increase
in palliative care needs in England and Wales.> Like the rest of the world, a shift in focus to caring for
patients and their families during and towards the end of their illness has become essential.

In 2008, the UK Department of Health and Social Care published the End of Life Care Strategy® to raise
the profile of end-of-life care in England. The policy highlighted the need for the provision of high-quality,
person-centred end-of-life care; the challenges faced in achieving it and the respective recommendations.
One of the key challenges that the strategy urged attention be paid to was helping people die in their
preferred PoD. It emphasised that although most people would prefer not to die in a hospital, this was
the most common PoD. There was also variation in where people die, with differences in PoD between
regions, age and cause of death.

People’s preferred and actual PoD, including the variation in PoD, continued to be a key issue in What's
Important to Me: A Review of Choice in End of Life Care,” a review of the quality and experiences of
care for adults and those close to them at the end of life published by The Choice in End of Life Care
Programme Board in 2015. A public engagement exercise conducted to inform the review found that
being cared for and dying in one’s preferred place were the main concerns for many people. However,
people continued to not be able to die in their preferred place and the hospital was still the most
common PoD &1

Ensuring that people have a choice in their preferred PoD, and subsequently ensuring that they die in their
preferred place, is a crucial part of the person-centred approach that underlies high-quality palliative care.
In view of the current landscape, it is vital that we investigate how we can help people to die in their
preferred place by understanding the PoD trends and the factors affecting them. This understanding would
also guide the planning of palliative and end-of-life care services in England and, therefore, has serious
implications for the sustainability of the health and social care systems.

A systematic review involving 58 studies, with > 1.5 million patients from 13 countries, found that the PoD
may be influenced by interactions between three main groups of factors — those related to the illness, the
individual and the environment — of which the health-care input and social support in the environment
group were found to be the most important.'? The importance of the service factors in health-related
outcomes has also been noted in other studies.’>-'> A recent study found that between 2004 and 2014
there was a decline in hospital deaths and an increase in home, care home and hospice deaths.'®¢ The
authors projected that if this trend was to continue, hospital deaths would continue to decline, whereas
home, care home and hospice deaths would almost double by 2040. However, this decline in hospital
deaths would reverse by 2023 if health and social services were not built to sustain the current trend.
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The findings from this study suggest the importance of service capacity in affecting the PoD. Previously,
in an analysis carried out on behalf of the GUIDE_Care project,'” we suggested that health-care factors
might mediate the effect of underlying cause of death on the PoD. However, the main analysis was
restricted to the effect of underlying cause of death on the PoD only; the role of health-care in PoD was
not systematically evaluated, nor were their interactions with other factors considered.

In the GUIDE_Care project, we identified trends and patient factors associated with the variation in PoD.'®
Being younger, married and having certain cancers were associated with dying at home. However, this
explained only one-quarter of the variation and even less so for cancer, dementia, chronic respiratory failure
and long-term neurological conditions (~10%), thereby prompting a need for further investigation of other
determinants that could better explain where people die. GUIDE_Care Services [www.journalslibrary.nihr.ac.
uk/programmes/hsdr/141922/#/ (accessed 13 April 2018)] is a follow-up study that builds on GUIDE_Care
findings to investigate the potential role of health service factors in the PoD and provides information on
both national and local levels to improve end-of-life care services. We hope that this will eventually help us
to better meet people’s preferences on the PoD, ultimately enabling them to rest in a place of their choice.

Palliative and end-of-life care have become a public health priority in England in recent years. This saw the
roll-out of several national policies and initiatives in an attempt to restructure the health and social care
system to meet the increased palliative and end-of-life care needs.

In 2004, the National End of Life Care Programme was established to improve end-of-life care for adults in
England by raising awareness of palliative and end-of-life care, as well as to encourage best care practice.
This supported the implementation of the End of Life Care Strategy® in 2008, which led to several changes
and improvements in end-of-life care in England. One of the key changes was the phasing out of the
Review of Liverpool Care Pathway for Dying Patients? following an independent review in 2013,
documented in More Care, Less Pathway: A Review of the Liverpool Care Pathway? and the consequent
establishment of the Leadership Alliance for the Care of Dying People, which is a group of organisations
leading the way in improving palliative and end-of-life care in England. In the following year, the Alliance
published the report One Chance to Get it Right: Improving People’s Experience of Care in the Last Few
Days and Hours of Life,2' in which it set out the end-of-life care priorities and made recommendations for
better care practice.

NHS England published a policy Actions for End of Life Care: 2014-16%2 in 2014, in which it addressed
concerns about the Liverpool Care Pathway that were raised in the independent review More Care, Less
Pathway: A Review of the Liverpool Care Pathway? and expanded on the End of Life Care Strategy.® The
policy also highlighted NHS England’s commitments to end-of-life care provision and set out future plans
and actions. In 2015, the National Palliative and End of Life Care Partnership published the framework
Ambitions for Palliative and End of Life Care: A National Framework for Local Action 2015-2020,23 which
was built on the End of Life Care Strategy® and aligned with the NHS Five Year Forward View?* and NICE
Quality Standard for End of Life Care.?s The review What's Important to Me: A Review of Choice in End of
Life Care’ by the Choice in End of Life Care Programme Board, also published in 2015, reviews the end-of-life
care landscape since the implementation of the End of Life Care Strategy.¢

It is evident that many national policies and programmes targeted at improving end-of-life care in England
have been implemented since the End of Life Care Strategy,® each one influencing the other. Their
influence can also be seen on a larger scale in new laws that were enforced to address health and social
care issues related to end-of-life care. The Health and Social Care Act 20122 mandated changes to
achieve the integration and management of health and social care services, and the Care Act 20142
mandated changes to address adult care, support and health needs. It was expected that these changes
would change the end-of-life care landscape.
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The health and social care systems are constantly changing to meet the country’s needs. Palliative and
end-of-life care, as a part of the health and social care systems, cannot be viewed in isolation; likewise,
policies, programmes and laws relevant to health and social care that are not specific to palliative and
end-of-life care need to be considered alongside specific ones to help obtain an accurate picture of the
palliative and end-of-life care landscape in England.

The palliative and end-of-life care landscape in England has changed substantially over the years. Relevant
to the current report, Gao et al.? reported a downwards trend in hospital deaths and increased home
deaths from 2005 to 2010. A more recent study by Bone et al.'¢ found the same trend from 2004 to
2014, with decreased hospital deaths and increased home, care home and hospice deaths. The change

in the patterns in PoD coincided with the implementation of the National End of Life Care Programme in
2004 and the subsequent policies, programmes and laws. However, to our knowledge, this change has
not been evaluated in the context of these policies, programmes and laws; their effectiveness, therefore,
cannot be concluded. An understanding of the changes in the palliative and end-of-life care landscape in
England, in relation to the relevant policies, programmes and laws, can shed light on what works or what
does not. This is crucial to helping us design better, focused initiatives and/or reforms to sustain or advance
current improvements, while ensuring that it is financially sustainable.

The GUIDE_Care Services project has begun work on this. A grey literature search was conducted to
consolidate current and past policies, programmes and laws relevant to health and social care in England
from 2004, including those specific and non-specific to palliative and end-of-life care. A database has been
created for this purpose. While conducting the search, it was found that local palliative and end-of-life
care initiatives have sprouted up across the country. These initiatives could shed light on the changes in
palliative and end-of-life care quality and practices across localities, and potentially help to explain the
regional variations in PoD in England.

Conceptual framework

As discussed, sociodemographic and disease-related variables explain only about a fraction of the substantial
geographical variations in PoD. Health-care service factors may be responsible for some or much of the
residual variations, but their effects have never been systematically evaluated as a result of the lack of a
conceptual framework. Therefore, to guide the planning, analysis and interpretation of the findings, a
conceptual framework was developed.28 The development of this framework was built on a conceptual
model of factors influencing death at home by Gomes and Higginson'2 and relevant health service models
that include the impact of a service component on either end-of-life care outcomes or service access/
utilisation. 42934 The service components that could potentially influence where people die and their
organisation were identified from and guided by these models.

The graphical presentation of the framework is shown in Figure 1. Health-care services in this framework
refer to all health and care services related to end-of-life care, which includes generic (e.g. hospital, general
practice) and specialised (e.g. hospice) care services. The service characteristics were grouped into four
categories: type, capacity of service facilities, location and workforce. Service characteristics initially depend
on the end-of-life care policies and their implementation through health-care service commissioning, which,
in turn, influences service utilisation and ultimately where people die. Individual sociodemographic and
disease-related characteristics (patient factors), together with social care and family and community support
(environmental factors), are not the focus of this framework. These characteristics are included as the
variables to be controlled when evaluating the service impact on the PoD. Information on service utilisation
and PoD creates loop feedback to inform end-of-life care policies and service commissioning. The arrows
indicate the direction of the impact. The solid and dotted lines represent direct and indirect effects

(or feedback loop), respectively.
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Aims and objectives

Aims
To evaluate the role of service factors in PoD and to inform national and local end-of-life care
improvement.

Objectives

1. To determine the relative contribution of service factors to geographical variation in PoD.

2. To produce geographical information system (GIS) maps to visualise the services and patient
factors-adjusted variation in PoD.

3. To explore with statistical causal modelling how service variables interact with each other and with
patient factors to influence PoD.

4. To engage with commissioners, NHS managers, service deliverers, patients and the public to consider
the implications of the findings.
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Chapter 2 Methods

Study design and setting

A national population-based observational study in NHS England, using death registry data linked to
area-level service data.

Data sources

Data used in this study were at two levels: individual and service. The individual-level data set was extracted
from the Office for National Statistics (ONS) death registry (ONS; 29 January 2015). Service-level data sets
were primarily from the public domain [e.g. Care Quality Commission (CQC), NHS Digital, Hospice Aid

UK websites] and other relevant sources [e.g. Hospice UK, National Online Manpower Information System
(NOMIS) and UK data services]. We chose to focus on the data in 2014, as it was the first year that the data
from the Clinical Commissioning Groups (CCG) became available following the change of the NHS health
structure in April 2013.3°

Service data

Service data sets consist of the characteristics of health services. These include service commissioning
(e.g. end-of-life care expenditures), service types [e.g. adult inpatient hospices, hospitals, general
practitioners (GPs) and care homes], service capacity [e.g. ratio of service facilities to user population,
counts of services types within CCGs and local authorities (LAs)], service location (e.g. geographical
proximity to various services types), workforce data (e.g. counts of doctors and non-medical staff) and
indicators of health services utilisation [e.g. attendances, admissions, finished consultant episodes (FCEs),
waiting times and length of stay (LOS)].

Expenditures on end-of-life care were provided by NHS England.3¢ Service utilisation data for adult inpatient
hospices (i.e. number of admitted patients, LOS and information on bed counts) were supplied by Hospice
UK. These were supplemented with data from the Hospice Aid UK website.3” Care home data, consisting
of care home beds and locations, was from the CQC website.38 Services utilisation data for accident and
emergency (A&E) comprised the number of attendances and LOS and, for hospitals, the information on bed
availability, occupancy and inpatient and outpatient admission. Data for service proximity was derived by
guantifying the level of geographical access from patients’ place of usual residence to their nearest health
service facilities using GIS. Other data sets (e.g. shapefiles used for GIS mapping) were downloaded from
the ONS (NOMIS official labour market statistics) website and the UK data service.3940

Individual level

The individual-level data set comprised all adult deaths (aged > 25 years) from non-accidental causes in
England in the year 2014. The data set contains clinical and sociodemographic characteristics of the
deceased. In England, it is a mandatory requirement to register a death within 5 days of its occurrence
according to the law.? Information recorded in the death registry includes PoD, place of usual residence of
the deceased, date of death, age, marital status, sex, country of birth, informant’s relationship, postcode of
usual residence, the main cause of death and the number of contributory causes of death. Information on
cause of death was coded according to the International Classification of Diseases, Tenth Revision (ICD-10),4'
cancer (C00-C97) and non-cancer (all non-accidental cause of death codes excluding C00-C97).42 The Index
of Multiple Deprivation (IMD) was used as a proxy indicator of patients’ socioeconomic status.

The IMD is a composite measure describing the relative deprivation for 32,844 lower layer super output
areas (LSOAs) in England.® A LSOA is a census unit with an average population of 1500 persons.*
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METHODS

IMD scores were derived from seven domains: income, employment, education, skills and training, health
and disability, crime, and barriers to housing and services and living environment. These were grouped
into quintiles ranging from one (most deprived) to five (least deprived). Patients’ place of settlement was
grouped into rural and urban areas. Patients’ region of residence was recorded in the ONS death registry
based on patients’ Government Office Regions. In England, there are currently nine Government Office
Regions: North East, East Midlands, North West, Yorkshire and the Humber, West Midlands, South East,
South West, East, and London.

Data processing, management and linkage

Data were checked for errors, completeness and consistency using a combination of visual exploratory
techniques and structured query language. Exploratory data tools, such as a histogram, were used to
check for unusual patterns in the data set (e.g. outliers). In cases for which data points were anomalous
and did not conform to a normal distribution, further probing was done to ensure that values were
consistent and error free. Structured query language was used to check for illogical data values [e.g. age of
death > 150 years or —20 years, sex of deceased < 1, or year of death outside the study period (i.e. date of
death not equal to 2014)].

Service- and individual-level data were processed to derive area-level estimates for CCGs and LAs. CCGs
are planning regions for commissioning health and social service in England.?> LAs are local government
areas with health and well-being boards, mandated with responsibilities to improve the health of their
local population.#® In 2014, there were 211 CCGs and 152 LAs. CCG and LA estimates were derived from
aggregated summaries of individual and service data, based on patients’ area or postcode of usual
residence, by linking patient postcodes of usual residence to their corresponding CCGs and LAs through
the geographical identifier. The link file was the November 2016 version of the ONS Postcode Directory,
downloaded from the ONS geoportal.4 The ONS Postcode Directory is a linked database comprising all
postcodes in the UK that are linked to administrative (LAs), electoral (wards), health [CCGs, primary care
trusts (PCTs)] and census geographies (LSOAs).4

Outcome variable

The outcome variable is the PoD, divided into five categories: hospital, home, hospice, care home and
other places. At the area level, the outcome was summarised as a proportion (e.g. proportion of deaths in
hospitals). At the individual level, the outcome was a binary indicator where 1 = death in a specific type of
place (i.e. hospital, care home and hospice) and 0 = death at home. We chose ‘home’ as the reference
group because this is the only non-institutional care setting. The number of deaths ‘in other places’ was
low and was not analysed as a PoD category of interest in modelling analyses.

Explanatory variables

Explanatory variables of services used in the analysis were grouped into five categories, in line with our
conceptual framework (see Figure 7). These include services commissioning, service type and capacity,
service location, workforce and service utilisation.

Service commissioning

Service commissioning variables comprised end-of-life care expenditures across CCGs in England.
Expenditure on end-of-life care was quantified in Great British pounds. The data contains spending that
was > £25,000 for the period 2014. The two variables used in the analysis were the expenditure spent on
end-of-life care and the expenditure spent on end-of-life care per 10,000 adults.
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Service provision: type and capacity

Service provision type and capacity (availability) comprised the number and types of health-care services
(i.e. care homes, GPs, adult inpatient hospices and hospitals). Service capacity consisted of indicators
quantifying area-level service availability. These included the number and ratio of services type weighted
per thousand of the proportion of persons aged > 25 years in CCGs and LAs. The variables generated for
this category included the number of care homes, care home beds, care homes per 10,000 adults, care
home beds per 10,000 adults, all types of hospices, adult hospices, hospices per 10,000 adults, adult
hospices per 10,000 adults, GP practices, GP practices per 10,000 adults, hospitals per 10,000 adults and
mean number of hospital beds.

Service location

Service location comprised indicators of the level of proximity to various health-care facilities. These include
geographical access to adult inpatient hospices, GPs, care homes, hospices and hospitals. Geographical
access was guantified by measuring the straight-line distance in metres from patients’ place of residence to
the nearest health-care facility.#84° Area-level estimates of geographical access were derived by calculating
the aggregate median patient-level straight-line distances to each facility for CCGs and LAs. The variables
used in this category included median distance to the nearest hospice, to the nearest hospital, to the
nearest care home and to the nearest GP practice.

Workforce

Workforce data comprised a headcount of doctors (excluding locums) and non-medical staff working in
NHS hospitals and community health services and organisations from various specialty and staff groups.
The data consisted of staff in full-time equivalent roles in December 2014. The two variables used in this
analysis were the number of doctors and the number of non-medics.

Service utilisation

Variables of service utilisation used in the analysis comprised LOS (A&E, hospices, hospitals), number

of attendances (A&E), admissions (A&E, hospitals, hospices) and FCEs in hospitals. LOS in A&E was
guantified in minutes. LOS in hospices and hospitals were given as the mean number of days spent by
admitted patients. Attendances in A&E and hospitals consisted of counts of admitted patients. Admissions
in hospices comprised total inpatient admissions including re-admissions. Hospital inpatient FCEs consisted
of the number of episodes, in terms of visits by a patient (an episode is interpreted as the period of care of
a patient per consultant in a hospital).>® The variables included in this category were the total number

of hospice admissions, total number of patients admitted by hospices, median LOS in hospices, number of
FCEs in hospitals, number of hospital admissions, median LOS in hospital, median LOS in A&E, number of
A&E attendances, number of hospital outpatient consultations and mean number of occupied hospital beds.

Individual sociodemographic and disease-related characteristics (including age, sex, cause of death,
number of contributory causes of death, marital status, rural/urban indicator and IMD) were treated as
the potential confounding variables to be controlled for in modelling analysis.

Statistical analysis

Descriptive analysis and geographical mapping

Data were described by their characteristics using frequency and percentage. Continuous data were
classed as categorical variables and, when appropriate, the mean, median, standard deviation and range
were also estimated. The data were described for all causes of death, cancer and non-cancer.

Service data were stored and visualised using the GIS. Mapping and visualisation of service data at area
level was completed in R statistical software (The R Foundation for Statistical Computing, Vienna, Austria)
using functions from the GISTools and tmap library. Service data were displayed as choropleth maps using
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seguential colour schemes, ranging from shades of yellow (representing minimum values) to green
(representing maximum values). Null or missing values were represented as a grey colour.

Area level

The relationship between a service variable and the proportion of deaths in a specific PoD was modelled
using a beta regression, adjusting for proportions of deaths of those aged > 75 years, male sex, married,
decedents in the most deprived quintile, rural residents, the median number of contributory causes of
death and total number of deaths. We chose beta regression as it is appropriate for an outcome variable
in the range of 0 to 1, which is the case for this analysis.5!52

The predicted area-level proportion of deaths in a specific PoD (i.e. hospital, care home, hospice and
home) was derived from the model. The correlation between the actual and predicted proportion of
deaths was estimated using Pearson’s correlation coefficient (r). The per cent of unexplained variation
was estimated using the formula below:

Unexplained variation (%) = (1-r?) x 100. (1)

The unexplained variations and their 99% confidence interval (Cl) at CCG and LA level were estimated
for all deaths, cancer and non-cancer. Models for all causes were also adjusted for the proportion of
cancer deaths.

We developed area-based models to assess the relative contribution of individual service categories.

The dependent variable was the proportion of deaths in a CCG or a LA. The independent variables were
grouped into one of the five service categories: commissioning, type and capacity, location, workforce, and
utilisation. Each variable in the individual service categories was first tested for its bivariate association with
PoD. Variables within a service category that were statistically (o < 0.05) related to the proportion of deaths
in a location of interest were then used to construct a beta-regression model. The predicted proportions

of the PoD were estimated using the model and regressed on the actual proportions of the PoD. Pearson’s
r2 was derived to quantify the relative contribution of a service category to the variations of the PoD. The
R2 was interpreted as the percentage of the variation in the PoD attributed to the service variables. We
calculated the R? for deaths in hospital, care home, hospice and home, in all deaths and for cancer and
non-cancer deaths.

Patient level

These analyses were performed at the patient level using individual data nested with area-level service
data. The effect of individual area-level service variables on the PoD was evaluated using the generalised
linear mixed model (GLMM)s2 with binary distribution and logit link function. Such a model can account
for the clustering effect, that is, patients living in the same geographical areas tend to have a similar PoD
outcome. The dependent variable was a binary indicator of the PoD, where death at home was coded
as 0 and death in a hospital, care home or a hospice was coded as 1. We developed separate models

to compare the probability of patient death in hospital, care home or in a hospice with death at home.
We used home death as the reference group as it was a major non-institutional care setting and the most
preferred PoD.'0" The intercept was modelled as a random effect and all variables were modelled as a
fixed effect.

Following the same procedure as those of area-level analyses, the service variable was first tested for its
bivariate association with PoD. All variables significant at the 0.05 level were grouped by service categories
assessing their total impact on the PoD. The performance of the individual models was evaluated using
the area under the receiver operating characteristics curve (AUC) with 99% CI. An AUC of 0.5 indicates
chance prediction (equivalent to flipping a coin), whereas an AUC value of 0.5-0.6 indicates poor,
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0.6-0.7 indicates fair and > 0.7 indicates good discriminating ability.>* An AUC value of 1 represents
perfect classification accuracy.

The service variable within each individual service category that produced the largest and statistically
significant AUC was used to build a multilevel regression model to evaluate its independent effect on PoD,
accounting for the effects of sociodemographic variables. The effect was measured by the odds ratio (OR)
and its 99% Cl.

The mediating effect of service use on service characteristics and PoD was assessed with statistically
significant service use variables only. We ran two models for all the possible combinations of the service
use variables and the service characteristic variables: one with (larger model) and one without (reduced
model) the service use variable. The difference in AUCs between the larger and reduced models was
derived and if it was statistically significant, the indirect and direct effect of service characteristics was then
estimated using the method proposed by Mackinnon et al.*

Built on the independent effect models, we also evaluated the two-way interaction effects between
statistically significant service variables and between those service variables and patient-level variables
within the models, including sociodemographic and clinical variables. All analyses were based on complete
cases only.

To control the family-wise error rate,5¢ the statistical significance level was set at 0.01. In the final analysis,
the variables of interest fell into five categories according to our conceptual framework. We applied the
Bonferroni correction to the typical significance level of 0.05.

The individual and service data sets were processed and managed using GIS software — ArcGIS Desktop
10.5 [Redlands, CA: Environmental Systems Research Institute (ESRI); 2011], GISTools and tmap from R
statistical software and SAS® 9.4 (SAS Institute Inc., Cary, NC, USA). Descriptive analysis was conducted
with R statistical software. Area- and individual-level modelling analyses were implemented using the
GLIMMIX procedure in SAS 9.4.53

The reporting of this report was guided by Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE)>” and REporting of studies Conducted using Observational Routinely-collected
health Data (RECORD)?8 checklists (see www.equator-network.org).>®

Ethics and permissions

Following ONS procedures, a Data Access Agreement was signed and all required forms were provided
in a formal agreement of data management, protection and management. In addition, as required, all
researchers accessing the data (WG, EC and PY) were individually assessed and approved by ONS. This
study was based on anonymised records with postcode information provided by ONS and data from the
public domain (ONS; 29 January 2015). The King's College London Research Ethics Committee approved
this study via the low-risk route (reference number BDM/14/15-5).
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Chapter 3 Results

Sociodemographics and clinical characteristics of the decedents

Overall, 447,406 people died in England in the year 2014. After removing late registered deaths (< 1%),
the final data set consisted of 431,735 adult deaths (aged > 25 years) (Table 7). Hospital was the most
common PoD (47.3%), followed by care home (23.1%), home (22.5%), hospice (6.1%) and other places
(1.1%). The number of deaths increased progressively with increasing participant age, particularly for
those patients who died in care homes and hospitals. Patients aged > 85 years accounted for the largest
proportion of deaths in both care homes (66.5%) and hospitals (37.3%).

More women died in care homes (64.9% vs. 35.1%) and hospices (50.2% vs. 49.8%) than men, who
were more likely to die at home (54.4%), in hospitals (50.6%) and in other places (54.6%). Patients who
were married and widowed accounted for the largest proportion of deaths across settings. Hospice was
the most common PoD for patients who were married (54.3%). Care home was the most frequent PoD
among those who were widowed (61.9%).

TABLE 1 Characteristics of all patients who died from non-accidental deaths by PoD, England 2014

PoD, %

Variables Hospital Care home Hospice

n (%) 204,183 (47.3) 99,611 (23.1) 96,984 (22.5) 26,136 (6.1) 4821 (1.1)

Age (years)

25-54 53 0.6 7.0 11.4 14.6
55-64 8.0 1.6 1.3 16.3 15.1
65-74 17.5 6.2 22.1 29.3 20.8
75-84 31.9 25.1 31.3 29.0 25.9
>85 37.3 66.5 28.2 14.0 23.6
Sex
Female 49.4 64.9 45.6 50.2 43.6
Male 50.6 35.1 54.4 49.8 56.4

Marital status

Divorced 9.9 7.2 11.0 13.0 17.9

Married 411 21.5 47.4 54.3 31.8

Separated/dissolved 0.1 0.0 0.1 0.3 0.1

Single 9.1 8.8 9.3 8.6 13.8

Widowed 393 61.9 31.5 233 359

Unknown/not stated 0.5 0.5 0.5 0.4 04
continued
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RESULTS

TABLE 1 Characteristics of all patients who died from non-accidental deaths by PoD, England 2014 (continued)

PoD, %

Variables Hospital Care home Hospice

Underlying cause of death

Cancer 234 18.6 411 88.4 355
CBD 9.2 9.0 3.1 0.7 2.1
COPD 7.7 3.4 5.8 1.4 3.8
CvD 22.4 13.3 30.0 2.8 441
Neurological condition 1.3 29 1.4 1.4 0.6
Other diseases 35.9 52.8 18.5 53 14.0

Number of contributory causes of deaths

0 14.4 253 31.7 59.5 30.8
1 22.5 335 30.9 23.8 333
2 23.9 22.7 20.3 9.4 20.3
3 18.0 1.3 10.4 4.4 9.8
4 1.1 4.7 4.4 2.0 3.9
>5 10.2 2.5 2.3 0.9 1.9
Settlement
Rural 18.3 223 22.0 18.2 223
Urban 81.7 77.7 78.0 81.8 77.7
IMD
1 (most deprived) 21.7 16.0 20.7 17.2 22.7
2 20.6 19.0 19.3 18.3 20.3
3 20.3 21.9 203 20.1 19.6
4 19.2 22.1 19.9 22.1 19.8
5 (least deprived) 18.2 21.0 19.8 22.3 17.6
Regions
East 10.9 12.3 12.2 9.7 12.3
East Midlands 9.2 8.8 9.2 6.3 8.9
London 11.6 7.0 9.5 12.0 10.6
North East 5.9 5.3 6.1 35 5.7
North West 15.0 13.7 141 14.5 13.4
South East 15.2 18.8 15.5 21.4 16.7
South West 10.1 13.8 1.7 9.8 1.9
West Midlands 1.5 9.8 10.9 10.8 9.7
Yorkshire and the Humber 104 10.6 10.8 12.2 10.9

CBD, cerebrovascular diseases; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease.
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Cancer was the leading cause of death for patients who died at home (41.1%) and in hospices (88.4%).
Deaths from other diseases were common in care homes (52.8%) and hospitals (35.9%). Cardiovascular
disease was the most common cause of death in other places. Hospitals (10.5%) were the most common
PoD for patients who died from five or more causes.

The majority of those who died were urban dwellers (> 77%) and only <25% of decedents lived in rural
settlements. Patients who lived in urban areas most often died in hospices (81.8%). Care home (77.7%)
deaths and deaths in other places (77.7%) were fewer among urban residents. Care homes (22.3%),
homes (22.0%) and other places (22.3%) were the most common PoD for rural dwellers.

In terms of deprivation, decedents living in the most deprived areas most often died in other places
(22.7%) and died less often in care homes (16.0%). Patients who lived in least deprived areas most often
died in hospices (22.3%) and less often in other places (17.6%). The proportions of hospice deaths vary
according to the level of deprivation or socioeconomic status. An increasing level of socioeconomic status
is associated with more hospice death, ranging from 17.2% in the most deprived quintile to 22.3% in the
least deprived quintile. The reverse is the case for patients who died in other places, ranging from 22.7%
in the most deprived quintile to 17.6% in the least deprived quintile.

There were significant variations in the proportions of deaths across regions. The South East had the
largest proportion of deaths across settings. Hospice was the leading PoD for patients who lived in the
South East (21.4%), London (12.0%), and Yorkshire and the Humber (12.2%). Care home deaths were
common among residents of East (12.3%) and South West (13.8%). Hospital was the most common PoD
among patients in the East Midlands (9.2%), North West (15.0%) and West Midlands (11.5%).

The characteristics of cancer deaths are shown in Table 2. Female cancer patients most often died in care
homes (52.7% vs. 47.3%), hospices (50.5% vs. 49.5%) and other places (58.1% vs. 41.9%) than male
cancer patients. Home (55.1%) and hospital (55.3%) were the most common PoD among male cancer
patients. In terms of marital status, patients who were married and widowed accounted for the largest
proportion of deaths across all PoDs. Married cancer patients most often died at home (61.6%; see Table 2).
Cancer patients who were widowed most often died in other places (44.9%).

TABLE 2 Characteristics® of patients who died from cancer, England 2014

n (%) 47,748 (36.5) 18,489 (14.1) 39,827 (30.4) 23,107 (17.7) 1712 (1.3)

Age (years)

25-54 7.4 1.4 6.7 12.2 10.4
55-64 13.3 4.3 13.9 17.3 13.2
65-74 26.9 13.0 27.9 30.1 20.7
75-84 32.0 335 33.3 28.2 32.1
>85 204 47.7 18.3 12.1 23.7
Sex
Female 447 52.7 44.9 50.5 58.1
Male 55.3 47.3 55.1 49.5 41.9
continued
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RESULTS

TABLE 2 Characteristics® of patients who died from cancer, England 2014 (continued)

PoD, %

Variable Hospital Care home Hospice

Marital status

Divorced 1.7 1.1 9.1 133 214
Married 51.1 26.2 61.6 55.0 21.0
Separated/dissolved 0.1 0.0 0.2 0.2 0.1
Single 9.2 1.1 53 8.8 12.4
Widowed 27.5 51.0 23.6 22.2 449
Unknown/not stated 0.5 0.6 0.3 0.4 0.2

Number of contributory causes of deaths

0 30.6 40.7 50.1 63.4 52.0
1 27.4 31.5 29.9 235 31.3
2 19.7 16.6 12.6 8.1 1.1
3 1.7 7.3 4.8 3.3 3.2
4 6.0 2.7 1.8 1.2 2.0
>5 4.6 1.3 0.8 0.5 0.4
Settlement
Rural 19.0 20.7 235 18.5 18.8
Urban 81.0 79.3 76.5 81.5 81.2
IMD
1 (most deprived) 21.4 16.9 18.8 17.2 24.6
2 20.3 19.7 18.9 18.3 22.1
3 20.3 20.8 20.2 20.0 18.6
4 19.1 21.2 21.0 222 18.8
5 (least deprived) 18.8 21.3 21.0 22.3 16.0
Regions
East 11 12.5 12.5 9.7 10.8
East Midlands 9.6 8.8 9.8 6.4 9.1
London 12.1 7.9 8.0 1.7 1.3
North East 6.4 5.9 6.7 3.6 5.6
North West 14.1 13.7 14.9 14.5 16.1
South East 14.9 17.8 14.6 21.2 15.8
South West 10.1 13.3 11.9 10.1 11.9
West Midlands 1.5 10.1 11.1 1.1 9.5
Yorkshire and the Humber 10.2 10.0 10.5 11.8 9.9

a Hospital (36.5%) was the most common PoD for those who died from cancers. Home (30.4%) was the second most
common PoD (30.4%) for cancer patients, followed by hospices (17.7%), care homes (14.1%) and other places (1.3%).
The proportions of cancer deaths increased progressively with age for patients aged between 25 and 84 years. Care
home was the leading PoD for patients aged > 85 years.
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Patients who died from cancers with at least five or more contributory causes died more often in hospitals.
Most cancer patients lived in urban areas (> 75%), and hospice was the leading PoD for cancer patients
who lived in urban areas (81.5%). Rural cancer patients more often died at home (23.5%,).

Hospice was the leading PoD for cancer patients living in the least deprived quintile 22.3 (Table 2).
Deaths in other places (24.6%) and in hospital (21.4%) were more prevalent among patients in the most
socioeconomically deprived areas. There are regional heterogeneities in the proportion of cancer deaths
across settings. Patients who lived in East England died most often in care homes (12.5%) and at home
(12.5%). Hospital was the leading PoD for patients who lived in London (12.1%) and the West Midlands
(11.5%). Most patients who lived in the East Midlands (9.8%) and the North East (6.7 %) died at home.
Hospice was the leading PoD for residents in the South East (21.2%) and Yorkshire and the Humber
(11.8%).

Over half of those who died from non-cancers (Table 3) died in hospitals (52.0%). Care home (27.0%)
was the second most common PoD, followed by home (19.0%), hospice (1%) and other places (1%).

Deaths increased with age for patients who died in care homes, home, hospitals and other places. Female
deaths were common in care homes (67.6%). Male deaths were most frequent at in other places (64.4%).

In terms of marital status, patients who were married (ranging from 49.4% to 20.5%) and widowed
(ranging from 64.4% to 31.0%) constituted the largest proportion of deaths across settings. Hospice was
the leading PoD for married patients (49.4%). The majority of patients who died in care homes (64.4%)
were widowed. Hospital (11.9%) was the most common PoD for patients who died with five or more
contributory causes.

Over 75% of those who died from non-cancer lived in urban areas. Hospice was the leading PoD for
patients who lived in urban areas (83.5%). Deaths in other places (24.2%) were more frequent among
rural dwellers. Hospice was the most common PoD for patients who lived in the least deprived areas.
Hospice deaths appear to vary by wealth, with the proportions of hospice deaths increasing with the level
of socioeconomic status (ranging from 17.8% in the most deprived quintile or lowest socioeconomic status
t0 22.3% in the least deprived quintile or highest socioeconomic status).

There are significant regional differences in PoD. Hospice was the leading PoD for patients who lived in

London (14.0%), South East (22.7%) and Yorkshire and the Humber (15.2%). Those who lived in the
North West (15.3%), West Midlands (11.6%) and East Midlands (9.1%) more often died in hospital.

Characteristics® of patients who died from non-cancer causes, England 2014

n (%) 156,435 (52.0) 81,122 (27.0) 57,157 (19.0) 3029 (1.0) 3109 (1.0)
Age (years)

25-54 4.7 0.4 7.3 5.6 16.9

55-64 6.3 1.0 9.5 8.7 16.2

65-74 14.7 4.6 18.2 22.8 20.9

75-84 319 23.2 29.8 35.1 22.5

>85 42.5 70.8 35.2 27.8 23.6
continued
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RESULTS

TABLE 3 Characteristics® of patients who died from non-cancer causes, England 2014 (continued)

PoD, %
Variable Hospital Care home Hospice
Sex
Female 50.8 67.6 46.1 47.8 35.6
Male 49.2 324 53.9 52.2 64.4

Marital status

Divorced 9.4 6.3 12.4 10.7 16.0
Married 38.1 20.5 37.6 49.4 37.8
Separated/dissolved 0.1 0.0 0.1 0.4 0.1
Single 9.0 8.3 12.1 7.2 14.6
Widowed 42.9 64.4 37.1 32.0 31.0
Unknown/not stated 0.5 0.5 0.7 0.4 0.5

Number of contributory causes of deaths

0 9.4 21.8 19.0 30.1 19.1
1 209 34.0 316 26.0 345
2 25.1 241 25.7 19.2 254
3 19.9 12.2 14.2 12.3 13.4
4 12.7 5.1 6.2 7.9 4.9
>5 11.9 2.7 3.3 4.5 2.7
Settlement
Rural 18.1 22.6 209 16.5 242
Urban 81.9 77.4 79.1 83.5 75.8
IMD
1 (most deprived) 21.8 15.7 22.0 17.8 21.7
2 20.7 18.9 19.6 17.9 19.4
3 20.3 221 20.4 20.8 20.1
4 19.2 22.3 19.1 21.2 20.3
5 (least deprived) 18.0 21.0 18.9 22.3 18.5
Regions
East 10.8 12.2 11.9 9.4 13.1
East Midlands 9.1 8.8 8.8 5.7 8.8
London 1.5 6.7 10.6 14.0 10.2
North East 5.8 5.1 5.6 2.6 5.7
North West 15.3 13.7 13.5 14.2 11.9
South East 15.3 19.0 16.1 22.7 17.2
South West 10.1 13.9 11.6 7.9 12.0
West Midlands 11.6 9.8 10.7 8.5 9.8
Yorkshire and the Humber 10.5 10.7 11.0 15.2 1.4

a Area-level unexplained variations.
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Area-level unexplained variations

Overall, the residual variations of the PoD were greater in hospice and home models than in hospital

and care home models (Table 4). This was consistent at both CCG and LA levels. Between 85% and
90% of the area-level variations in hospice and home deaths were not explained by the differences in
sociodemographics and clinical characteristics, but these figures ranged from 37.3% to 56.3% in hospital
and care home models.

At the CCG level, > 90% of the variation in hospice deaths remained unaccounted for by patient characteristics
irrespective of what causes the patients died from. The unexplained variations in hospice deaths were lower
for LA-level models and comparable between cancer and non-cancer deaths (65.2% vs. 67.7%). Although
the unexplained variations in home deaths at the CCG level were similar between cancer and non-cancer
deaths, there was more divergence in LA-level models (67.5% vs. 83.7%).

For PoD, variations in care home deaths were most explained by sociodemographic and clinical
characteristics: residual 37.3% to 37.9% at CCG and LA level, respectively. However, they were mostly
driven by non-cancer deaths. The unexplained CCG- (77.7% vs. 35.5%) and LA-level (86.3% vs. 46.1%)
variations of cancer deaths in care homes nearly doubled that of non-cancer deaths.

Area-level profile of services

There were significant geographical variations in service factors across England (Figures 2—-14) at CCG and LA
levels of geography. However, these data should be interpreted with caution because of limited/missing data
values for some CCGs and LAs (see Figures 3, 10 and 72). In addition, data for the following service variables:
hospital beds (see Figure 5) and mean LOS (see Figure 13), were derived from area team geography — a larger
geographical area than CCG. This means that variations shown on maps (see Figures 5, 13 and 14) reflect
variations of the area team geography from which the data were derived.

TABLE 4 The area-level variation in PoDs unexplained by sociodemographic characteristics by cause of death,
as measured by 100 - R?

CCQG level
All 56.2 (46.7 t0 65.7) 37.3(29.7 to 44.9) 90.6 (83.4t0 97.7) 84.9 (76.4 t0 93.4)
Cancer 88.6 (80.9 to 96.3) 77.7 (68.2 to 87.1) 93.7 (87.6 t0 99.8) 74.7 (65.1 to 84.4)
Non-cancer 46.5 (37.7 to 55.3) 35.5(28.2 to 42.9) 91.7 (84.8 t0 98.5) 77.9 (68.5 to 87.4)
LA level
All 56.3 (45.3 t0 67.3) 37.9 (29.1 to 46.8) 85.0 (75.3 t0 94.8) 90.2 (81.8 to 98.5)
Cancer 83.7 (73.6 t0 93.8) 86.3 (76.7 to 95.8) 67.7 (56.2 t0 79.2) 67.5(56.0 to 78.9)
Non-cancer 62.9 (51.4 to 74.3) 46.1 (36.0 to 56.2) 65.2 (53.7 to 76.7) 83.7 (73.7 t0 93.8)

R? was derived from beta-regression modelling. The dependent variable was the area-level proportion of deaths in a specific
place. The independent variables were % aged > 75 years, % male, % married, % of patients in the most deprived
quintile, % rural decedents, the median number of contributory causes of death, and the total number of deaths.
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RESULTS

(@)

Expenditure on EoLC (£)
46,707 - 1,723,278
1,723,278 - 3,223,791
3,223,791 - 5,785,077
5,785,077 - 10,095,059
10,095,059 - 13,854,847
Missing

(b)

Expenditure on EoLC (£)

92,000 - 1,801,514
1,801,514 - 3,589,079
3,599,079 - 5,762,605
5,762,605 - 10,095,059
10,095,059 - 12,022,000
Missing

FIGURE 2 Area-level profile of expenditure on end-of-life care: (a) CCGs; and (b) LAs. Contains National Statistics
data © Crown copyright and database right (2016) and contains Ordnance Survey data © Crown copyright and
database right (2016).5°
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(a)

Number of hospice beds

per 10000

0.000-0.518
0.518 - 0.997

0.997 - 1.894
1.894 - 5648
5.648 - 7.106
Missing

(b)

Number of hospice beds

per 10000
0.109 - 0.464
0464 -0.868
0.868-1.513
1.513-3.235
3.235-4.190
Missing

FIGURE 3 Area-level profile of hospice beds per 10,000: (a) CCGs; and (b) LAs. Contains National Statistics data
© Crown copyright and database right (2016) and contains Ordnance Survey data © Crown copyright and database
right (2016).6°
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RESULTS

(a)

Number of Carehome
beds per 10000

19.3-721
721-106.4

1064 - 135.5
1355-1739
173.9-242.1
Missing

(b)

Number of Carehome

beds per 10000

200-545
545-874

87.4-119.1

119.1-185.7
155.7 - 230.7
Missing

o
FIGURE 4 Area-level profile of care home beds per 10,000: (a) CCGs; and (b) LAs. Contains National Statistics data

© Crown copyright and database right (2016) and contains Ordnance Survey data © Crown copyright and database
right (2016).50
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(a)

Mean number of available
hospital beds

3,389 - 3,034
3,934 -5,075

5,075 - 6,691
6,691 - 15,086
15,086 - 22,003

(b)

Mean number of available

hospital beds

3,389 - 3,934
3,934 -5,075

5,075 -6,691
6,691 - 15,086
15,086 - 22,003

°

FIGURE 5 Area-level profile of hospital bed availability: (a) CCGs; and (b) LAs. Contains National Statistics data
© Crown copyright and database right (2016) and contains Ordnance Survey data © Crown copyright and database
right (2016).%°
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RESULTS

(a)

Access to Adult Inpatient

Hospices (Metres)

1,742 - 3,858
3,959 - 6,394

6,394 - 10,219
10,219 - 17,657
17,657 - 38,543

(b)

Access to Adult Inpatient

Hospices (Metres)

1,728 - 5,675
5.675-9,816

9,816 - 15,806
15,806 - 49,014
49,014 -70,126

L4

FIGURE 6 Area-level profile of geographical access to inpatient hospice services: (a) CCGs; and (b) LAs. Contains
National Statistics data © Crown copyright and database right (2016) and contains Ordnance Survey data © Crown
copyright and database right (2016).°
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(a)

Access to Carehomes

(Metres)

322 -458
458 - 559
559 - 675
675 - 948
948 - 1,556

(b)

Access to Carehomes

(Metres)

216.6-326.9
326.9-385.0

385.0-4396
4396-521.8
521.8-656.3

°

FIGURE 7 Area-level profile of geographical access to care homes: (a) CCGs; and (b) LAs. Contains National Statistics
data © Crown copyright and database right (2016) and contains Ordnance Survey data © Crown copyright and
database right (2016).6°
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RESULTS

(a)

Access to GPs

(Metres)

286 - 485
485 - 651

651 - 830
830-1,106
1,106 - 1,596

(b)

Access to GPs

(Metres)

274 - 476
476 - 635

635 - 800
800- 1,180
1,190-1,736

FIGURE 8 Area-level profile of geographical access to general practices: (a) CCGs; and (b) LAs. Contains National
Statistics data © Crown copyright and database right (2016) and contains Ordnance Survey data © Crown copyright
and database right (2016).%°
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(a)

Access to Hospitals
(Metres)

548- 1,791
1,791-2,707

2,707 -3,793
3,793 - 5,700

5,700 - 8,766

(b)

Access to Hospitals

(Metres)

513-1514
1,514 - 2,272

2,272-3,119
3,119-4,543
4,543 - 7,595

°

FIGURE 9 Area-level profile of geographical access to hospitals: (a) CCGs; and (b) LAs. Contains National Statistics
data © Crown copyright and database right (2016) and contains Ordnance Survey data © Crown copyright and
database right (2016).6°
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RESULTS

(a)

Number of Doctors

1-352
352 -757

757 - 1486

1,486 - 2,496
2,496 -4,182
Missing

(b)

Number of Doctors

1-352
352-814

814 - 1,641

1,641-2,934
2,934 - 4,240
Missing

FIGURE 10 Area-level profile of workforce (doctors): (a) CCGs; and (b) LAs. Contains National Statistics data
© Crown copyright and database right (2016) and contains Ordnance Survey data © Crown copyright and database
right (2016).%°
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(a)

Number of Non-medical

Staff

2-1820
1,820 - 5,866

5,866 - 10,728

10,728 - 19,053
19,053 - 26,651
Missing

(b)

Number of Non-medical

Staff

5-2,07
2,071-6,464

6,464 - 12,482

12,482 - 20,857
20,857 - 39,300
Missing

FIGURE 11 Area-level profile of workforce (non-medical staff): (a) CCGs; and (b) LAs. Contains National Statistics
data © Crown copyright and database right (2016) and contains Ordnance Survey data © Crown copyright and

database right (2016).°
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RESULTS

(a)

Average Length of Stay
(Days)

7.10-11.20
11.20 - 14.40

14.40-17.75
17.75-21.35
21.35-25.60

Missing

(b)

Average Length of Stay
(Days)

7.10-984
9.84-12.00

12.00 - 14.80
14.80-17.75
17.75-20.50
Missi

°
FIGURE 12 Area-level profile of mean LOS in hospices: (a) CCGs; and (b) LAs. Contains National Statistics data

© Crown copyright and database right (2016) and contains Ordnance Survey data © Crown copyright and database
right (2016).5°
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(a)
Average Length of Stay
(Days)
30-35
35-45
I 45-55
55-6.5
65-8.0
°
(b)

Average Length of Stay
(Days)

35-45
45-55

55-6.5
65-75
75-85

FIGURE 13 Area-level profile of LOS in hospitals: (a) CCGs; and (b) LAs. Contains National Statistics data © Crown
copyright and database right (2016) and contains Ordnance Survey data © Crown copyright and database
right (2016).%°
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RESULTS

(a)

Mean number of occupied
hospital beds

2,893-3418
3419-4272

4,272 - 6,062
6,062 - 13,258
13,258 - 19,549

(b)

Mean number of occupied
hospital beds

2,993-3419
3419-4272

4,272 - 6,062
6,062 - 13,258
13,258 - 19,549

FIGURE 14 Area-level profile of hospital bed occupancy: (a) CCGs; and (b) LAs. Overall association: service factors
and PoD. Contains National Statistics data © Crown copyright and database right (2016) and contains Ordnance
Survey data © Crown copyright and database right (2016).%°
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Expenditure on end-of-life care

There are large geographical variations in expenditures on end-of-life care across (see Figure 2) CCGs
(ranging from £46,707 to £13,854,847) and LAs (ranging from £92,000 to £12,022,000). High
expenditures on end-of-life care seemed to cluster at the heart of England. This is particularly visible in
parts of East Midlands and East England. Expenditure on end-of-life care is relatively low in London.
One possible explanation for the observed variation may be due to the proportions of people who need
palliative care.

Service type and capacity

In terms of service capacity, the average number of available hospital beds varied between 3389 and
22,003 across CCGs and LAs. London has the highest number of available beds (approximately > 15,000).
Bed availability in hospices (see Figure 3) is particularly low in many areas of England, with values ranging
from 0 to approximately 7.1 per 10,000 persons in CCGs (see Figure 3a) and 0.1 to 4.1 in LAs (see Figure 3b).
There are more care home beds than hospice and hospital beds. The number of available care home beds
ranged from 19.3 to 242.1 per 10,000 persons in CCGs and 20 to 230.7 per 10,000 persons in LAs (see
Figure 4).

Service locations

There are distinct geographical variations in access to health-care facilities across England (see Figures 6-9).
The pattern of geographical access reflects the number and distribution of health-care facilities. Access to
adult inpatient hospices (see Figure 6) varies widely across CCGs (from 1742 m to 38,543 m) and LAs (from
1728 m to 70,126 m). Area-level median distance to hospices is comparatively longer in East England and
East Midlands. Area-level median distance to hospices is much lower in central areas of England. Overall,
the pattern of access appears to mirror the pattern of rural and urban areas. CCGs and LAs in London

and other urban centres (e.g. Manchester) have relatively shorter distances to hospices than the more rural
areas (e.g. South West). Geographical access to hospitals varies between 548 m and 8766 m in CCGs and
between 513 m and 7595 m in LAs (see Figure 9). Similar to hospices, most CCGs in East England and East
Midlands have a relatively long distance to hospitals (~ > 2000 m). Geographical access to GPs (see Figure 8)
is more uniform, with little variation at both CCGs (ranging from 286 m to 1596 m) and LAs (ranging from
274 m to 1736). Area-level median distance for LAs varies from 216.6 m to 656.3 m and from 322 m to
1556 m in CCG (see Figure 7).

Workforce

Distribution of doctors seems to be sporadic owing to missing records in many LAs and CCGs (see Figure 10).
The distribution of non-medical staff appears to be more in the East and South East at LA geography (see
Figure 11). Geographical distribution of non-medical staff at the CCG level is somewhat different from LAs.
The difference in distribution is caused by the effect of scale.

Service use

The average number of days spent in inpatient hospices (see Figure 12) and hospitals (see Figure 13) varied
markedly across England. Patients stayed longer in hospices (mean LOS for CCGs 7-25.6 days, and mean LOS
for LAs 7-20.5 days) than in hospitals (mean LOS for CCGs 3-8 days, and mean LOS for LAs 3.5-8.5 days).
The variation of LOS in hospitals reflects variations of underlying area team geography, which was aggregated
to CCG and LA levels. There were more occupied hospital beds in CCGs and LAs within London than within
the other areas of England (see Figure 14).

Area level

The per cent of area-level variations in PoD explained by categories of service variables only are shown in
Table 5. Almost all service categories under study contributed to some of the area-level variations in PoD.
Service type and capacity was the strongest predictor among all service categories, explaining 36.5-56.6%
of the variation in hospital deaths, 47.8-73.8% of care home variations and, a lower level but still
statistically significant, the variation of deaths in hospice (14.2-21.7%) and home (26.3-46.2%).
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RESULTS

TABLE 5 The per cent of area-level variation explained by individual categories of service variables by cause
of death

ccq
All
Type and capacity

52.6 (35.3 t0 69.9)

73.8 (62.5 to 85.1)

25.8 (6.9 to 44.8)

32.0(12.6 to 51.3)

Location 18.7 (6.8 t0 30.7) 23.7 (11.1 t0 36.3) 13.9 (3.0 to 24.9) 7.7 (-1.0to 16.4)

Workforce - 6.6 (-2.7 to 15.9) - 5.7 (-3.0 to 14.5)

Use 35.8(16.5 to 55.1) 40.9 (21.9 t0 59.9) 20.2 (2.2 10 38.3) 14.2 (-2.1 t0 30.4)
Cancer

Type and capacity

38.4(19.2 to 57.6)

59.7 (44.1 t0 75.4)

27.1 (8.0 to 46.2)

46.2 (27.8 to 64.6)

Location 11.8 (1.5 t0 22.1) 10.8 (0.8 t0 20.8) 13.4 (2.6 to 24.1) 14.6 (3.5 to 25.7)
Use 34.8 (15.5 to 54.1) 23.2 (4.6 t0 41.8) 22.7 (4.2 t0 41.3) 45.1 (26.6 t0 63.6)
Non-cancer

Type and capacity

56.6 (40.2 to 73.0)

73.4 (61.9 to 84.9)

17.8 (0.4 to 35.3)

44.4 (25.8 t0 63.1)

Location 21.0(8.7 t0 33.3) 26.0(13.2t0 38.9) 12.9 (2.3 t0 23.5) 10.3 (0.5 t0 20.2)
Workforce - 6.7 (-2.7 t0 16.2) - 19.7 (5.8 to 33.5)
Use 32.7 (13.4t0 52.1) 44.4 (25.7 to 63.0) 11.5 (3.6 to 26.6) 25.2 (6.3 to 44.1)
LA
All
Type and capacity 49.5 (30.5 to 68.5) 72.2 (59.5 to 84.8) 19.4 (0.4 to 38.4) 26.3 (6.1 to 46.5)
Location 27.0(12.0t0 41.9) 34.3(19.1 t0 49.5) 7.1 (-2.6t0 16.8) 9.7 (-1.4 t0 20.8)
Use 40.2 (19.9 to 60.5) 51.2 (32.5 10 69.9) 17.6 (-0.9 to 36.1) 12.8 (-3.9 t0 29.5)
Cancer
Type and capacity 36.5(15.9 to 57.0) 47.8 (28.5t0 67.1) 14.2 (-3.1 t0 31.5) 42.7 (22.7 t0 62.7)
Location 14.1 (1.4 t0 26.8) 3.7 (-3.6 t0 11.0) 4.1(-3.6t011.7) 13.0 (0.7 to 25.4)
Use 30.8(10.3to 51.4) 38.3(17.9 to 58.7) 17.1 (-1.2 to0 35.5) 47.2 (27.8 to 66.6)
Non-cancer

Type and capacity

53.0(34.7 t0 71.3)

73.0 (60.7 to 85.3)

24.2 (4.2 to 44.1)

40.9 (20.6 t0 61.1)

Location 26.2(11.4 to 41.1) 34.1 (19.0 t0 49.3) 11.0 (0.6 to 22.7) -
Workforce - - - 7.5 (-3.6 t0 18.6)
Use 40.5 (20.3 to 60.8) 51.9 (33.3t0 70.4) 18.5 (-0.3 to 37.2) 25.6 (5.4 t0 45.7)

a These statistics were estimated through square the correlation coefficient between the predicted proportion of deaths in
a defined PoD from beta regression using all significant variables under a service category in the bivariate screening and

the actual proportion of deaths in that PoD.

Institutional death models demonstrated that the service location, measured by the distance to the nearest
hospital, hospice, care home and GP practice, was a significant service category that contributed to the
variations in hospital and care home deaths. This contribution was not as strong as type and capacity
variables but was statistically significant (10.8-34.1%). Service location was also related to CCG-level
variations of hospice death (12.9-13.9%) but showed no effect at LA level. Home deaths from cancer
were associated with service location at both the CCG and LA levels, but none of the distance measures
reached a statistically significant contribution to non-cancer home deaths.
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The two workforce variables (i.e. number of medical/non-medical staff) were less useful in explaining the
area-level variations in PoD. These variables either did not pass through the bivariate screening or did not
reach the statistical significance of their contribution to explain the PoD variations. However, our modelling
results did show that 19.7% (95% Cl 5.8% to 33.5%) of CCG-level variations in non-cancer home deaths
can be explained by the difference in the workforce.

Service use, conceptualised as a factor mediating the effect of service characteristics and PoD, altogether
explained between 23.2% and 51.9% of the area-level variations of hospital or care home deaths. The
service variables were collectively useful in accounting for the CCG-level but not LA-level variations of
hospice deaths. Close to half of the variations in cancer home deaths were explained by the service use
variables (CCG, 45.1%; LA, 47.2%); for non-cancer, one-quarter of the variations in home deaths was
attributable to the variables in this category.

None of the service commissioning variables passed through the bivariate screening.

Individual level

The multilevel models developed using the service variables by individual service categories were mostly of
poor performance in classifying hospital or care home death from home death (Table 6). Most AUCs were
in the range of 0.5 to 0.6. Models built with service location variables for care home versus home death
in cancer showed a fair predictive accuracy (0.684 to 0.687). For all deaths, the predictive performance
provided by the service location was satisfactory (0.777, 95% Cl 0.774 to 0.780) in the care home versus
home model.

The service variables appeared more useful in predicting death in hospice than in hospital or care home,
with most AUCs in the fair performance range of 0.603 to 0.691. Again, the AUCs of service location
models in hospice versus home ranged from 0.643 to 0.704.

Workforce variables did not pass through the bivariate screening in any of the hospice versus home models
and in most of the hospital versus home models. The CCG-level workforce variables did get through the
hospital versus home models for all deaths and for non-cancer deaths. However, the AUCs derived from
both models were the smallest among all estimated AUCs (0.539). In the care home versus home models,
the AUCs of the workforce variables ranged from 0.576 to 0.589, but the LA-level workforce variables did
not add useful information to classify care home versus home death.

Areas under the curve of the predictive model for the hospital, care home and hospice vs. home deaths,
constructed using service variables and sociodemographic and clinical characteristics

ccq
All

Type and capacity

0.540 (0.537 t0 0.543

0.578 (0.574 to 0.583)

0.634 (0.629 to 0.639)

( )
Location 0.568 (0.565 to 0.571) DC 0.643 (0.638 to 0.647)
Workforce 0.539 (0.536 to 0.542) 0.576 (0.572 to 0.580) -
Use 0.540 (0.537 to 0.543) 0.576 (0.573 to 0.579) 0.634 (0.629 to 0.639)
Cancer

Type and capacity

0.561 (0.556 to 0.566)

0.588 (0.581 to 0.594

0.613 (0.605 to 0.622)

( )
Location 0.570 (0.565 to 0.575) 0.684 (0.677 to 0.690) 0.656 (0.651 to 0.662)
Workforce - 0.587 (0.579 to 0.594) -
Use 0.562 (0.557 t0 0.567) 0.588 (0.581 to 0.594) 0.647 (0.641 to 0.652)

continued
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RESULTS

TABLE 6 Areas under the curve of the predictive model for the hospital, care home and hospice vs. home deaths,
constructed using service variables and sociodemographic and clinical characteristics (continued)

Non-cancer
Type and capacity
Location
Workforce
Use

LA

All
Type and capacity
Location
Workforce
Use

Cancer
Type and capacity
Location
Use

Non-cancer
Type and capacity
Location
Workforce

Use

0.540 (0.535 to 0.545)
0.574 (0.570 to 0.577)
0.539 (0.535 to 0.543)

0.541 (0.537 to 0.545)
0.569 (0.567 to 0.572)

0.541 (0.537 to 0.545)

0.570 (0.563 to 0.577)
0.574 (0.569 to 0.579)
0.570 (0.564 to 0.577)

0.540 (0.533 to 0.547)
0.575 (0.572 to 0.579)

0.582 (0.577 to 0.588)
DC

0.582 (0.577 to 0.586)
0.581 (0.577 to 0.585)

0.579 (0.573 to 0.586)
0.777 (0.774 to 0.780)
0.580 (0.575 to 0.585)
0.577 (0.570 to 0.583)

0.576 (0.563 to 0.589)
0.687 (0.680 to 0.693)
0.575 (0.562 to 0.588)

0.589 (0.581 to 0.597)
DC

0.589 (0.583 to 0.595)
0.585 (0.578 to 0.593)

0.680 (0.668 to 0.692)
0.691 (0.679 to 0.703)

0.679 (0.667 to 0.691)

0.596 (0.587 to 0.606)
0.648 (0.643 to 0.653)

0.596 (0.587 to 0.605)

0.605 (0.594 to 0.616)
0.663 (0.657 to 0.668)
0.603 (0.592 to 0.614)

0.667 (0.651 to 0.683)
0.704 (0.692 to 0.715)

0.649 (0.626 to 0.671)

DC, did not converge.
Note

The AUCs were derived through comparing the model-based PoD prediction with the actual PoD. The model used was a
multilevel GLMM, constructed with all the significant service variables in the corresponding service category in the
bivariate screening.

Effects of service variables on the place of death

The independent effect of service variables on the PoD was shown in Tables 7-9. After controlling the
differences in the patient-level characteristics and each other’s effects, the area-level service factors did not
show strong independent effects on PoD. However, the effect was consistent across the CCG- and LA-level
service attributes and the direction of the effect was clear.

Models constructed with all deaths (see Table 7) showed that the distance to the nearest hospital was
negatively associated with hospital death, and it was consistent in both CCG- and LA-level models. The
distance to the nearest hospital and the number of doctors both negatively affected the probability of
care home death. The CCG-level number of hospices significantly increased the chance of hospice death
(OR 24.22,99% Cl 1.53 to 382.59), but the effect was not significant at the LA level. The distance

to the nearest hospital reduced the likelihood of care home death. The distance to nearest hospice was
related to a lower chance of hospice death. Service use variables showed no effect on hospital or hospice
deaths, but the increased use of acute care (i.e. the mean LOS at A&E and mean number of occupied
hospital beds) was negatively associated with care home death.
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TABLE 7 The ORs and 99% Cls of service variables on the PoD for all deaths, adjusting for sociodemographics and
clinical characteristics

Service variable by area Hospital vs. home Care home vs. home Hospice vs. home

Number of hospices - 1.051167 (0.982569 -
to 1.124555)

Distance to nearest hospital - 0.999976 (0.999969 -
t0 0.999982)

Number of doctors - 0.999804 (0.999702 -
t0 0.999907)

Mean A&E LOS - 0.994498 (0.990212 -

t0 0.998801)

Distance to nearest hospital 0.999990 (0.999982 - -
t0 0.999998)

Mean available hospital beds 0.999958 (0.999727 - -
to 1.000188)

Mean occupancy of hospital beds 1.000055 (0.999798 - -

to 1.000312)

Shading represents variables in the same area-specific GLMM (link function: logit; distribution: binary) from where OR was
estimated. The service variables were modelled as fixed effect and the intercept as random effect.

© Queen'’s Printer and Controller of HMSO 2019. This work was produced by Gao et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should
be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.



38

RESULTS

TABLE 8 The ORs and 99% Cls of service variables on the PoD for cancer deaths, adjusting for sociodemographics
and clinical characteristics

Service variable by area Hospital vs. home Care home vs. home Hospice vs. home

CCaG

Number of care home beds per - 1.004493 (1.002884 -

10,000 adults to 1.006105)

Distance to nearest care home - 0.999485 (0.999444 -
t0 0.999526)

Number of non-medics - 0.999992 (0.999982 -
to 1.000003)

Median hospital LOS - 0.887089 (0.813366 -

to 0.967495)

Shading represents variables in the same area-specific GLMM (link function: logit; distribution: binary) from where OR was
estimated. The service variables were modelled as fixed effect and the intercept as random effect.

Among those who died from cancer, the number of care home beds increased the chance of care home
deaths and correspondingly reduced the chance of hospital death. The number of hospices was associated
with the lower chance of hospice death in the CCG model but had no impact in the LA model. The distance
to the nearest care home decreased the chance of hospital death and care home death (see Table 8).

The care home bed capacity reduced the chance of hospital death and increased the likelihood of care home
death. The distance to a hospice was related to a lower chance of hospice death. Median hospital LOS was
associated with an increased chance of hospital death and a reduced chance of care home death.
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TABLE 9 The ORs and 99% Cls of service variables on the PoD for non-cancer deaths, as measured by OR, and
adjusting for sociodemographics and clinical characteristics

Service variable by area Hospital vs. home Care home vs. home Hospice vs. home

Number of care home beds per - 1.004468 (1.003321 -

10,000 adults to 1.005617)

Distance to nearest care home - 0.998979 (0.998954 -
t0 0.999003)

Number of non-medics - 0.999994 (0.999988 -
to 1.000000)

Number of attendances to A&E - 1.000000 (1.000000 -

to 1.000000)

Number of hospices - 0.999989 (0.991565 -
to 1.008484)

Distance to nearest care home - 0.998579 (0.998513 -
to 0.998646)

Number of doctors - 0.999802 (0.999692 -

t0 0.999911)

Number of attendances to A&E - 1.000000 (1.000000
to 1.000000)

Shading represents variables in the same area-specific GLMM (link function: logit; distribution: binary) from where OR was
estimated. The service variables were modelled as fixed effect and the intercept as random effect.
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RESULTS

In non-cancer deaths (see Table 9), the CCG-level number of hospitals per 10,000 adults and number

of doctors were both inversely associated with hospital death, and no LA-level service measures were
statistically related to hospital death. The distance to the nearest care home negatively affected the chance
of care home death. The increase of care home capacity and the decrease of the number of LA-level doctors
were associated with an increased chance of care home death. The distance to the nearest hospice reduced
the likelihood of hospice death. The number of hospices per 10,000 adults significantly increased the
chance of hospice death (OR 30.88, 99% Cl 3.46 to 275.44) in CCG-level but not in LA-level measures,
whereas both the CCG- and LA-based distance to the nearest hospice were negatively associated with
death in hospice.

Mediating effect of service use on place of death

None of the service use variables offered a statistically significant value in improving the discriminatory
power of the constructed models in classifying death at home and against the other places of death
(i.e. hospital, care home and hospice). The p-values between the AUCs of the larger and the reduced
models ranged from 0.16 to 0.92.

Interaction effects of service variables and sociodemographic variables
on the place of death

Among all the examined interaction effects, only the LA-level service factors were interacting with each
other and with sociodemographics to affect the chance of cancer patients dying in hospital. The distance
to the nearest care home influenced the effect of care home beds, age and sex on hospital death; p-values
ranged from 0.0002 to 0.0026.
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Chapter 4 Discussions

Main findings

To our knowledge, this was the first and, to date, the largest empirical study using the nationwide population-
based routine data in England to systematically evaluate the role of service factors in relation to the PoD.
Service variables were evaluated in five categories: commission, type, capacity — facilities, location, workforce
and service use. For every type of service variable included in this study, the accompanying capacity measures
were acquired and, therefore, were used in the analyses as a combined category. There were the following
main findings.

First, service factors, including service characteristics and service use, are not associated with where people
die. Although the effect size was small overall, the effect of the service variables and the direction of their
impact on the PoD outcome was clear and consistent. Among the service variables in five categories, service
type and capacity tended to be more useful if the measures were derived at the CCG level. The CCG-level
number of hospices was the strongest predictor of hospice death, and a higher number of hospices was
associated with a significantly higher chance of hospice death. The effect was even stronger in non-cancer
deaths. However, the association was reversed in cancer deaths, with the higher volume related to a lower
chance of hospice death. A possible reason for this might be that in an area with a higher number of
hospices, the home-based hospice care might be better developed than in other areas.6' Cancer patients
were more likely to use hospice care at home or were facilitated to die at home, resulting in a higher chance
of home death. In previous studies, the care home bed provision was found to be associated with care
home death.%2 To our knowledge, this is the first empirical evidence that the capacity of hospices (i.e. the
number of hospices) is linked positively to hospice death.

Second, service location, as measured by the distance (or median if at area level) from the residential
address of the deceased to the nearest care facility, was the one variable with consistent effects on PoD.
Measures derived from either CCG or LA level were useful. Overall, the increased distance to a specific
institutional care setting was associated with a reduced chance of dying in that care setting. It was
particularly true for care home and hospice deaths. The distance to the nearest hospital was the only
significant service factor independently associated with hospital death in models constructed with all
deaths. The findings are in accordance with those of previous smaller sample studies and in studies from
other care settings.63-%8 The effect size for the distance variables in this study was small overall (close to 1)
compared with those reported in the other studies, probably because we adjusted for more potentially
confounding variables and the interference of the other important service variables.

Third, a large data gap was identified through this project. More than 8 GB of service-level data have been
collected from public domains and many of them can be accessed without the need to go through complex
approval processes. Most of the data were geared towards acute care settings and often with regular
updates; however, few were palliative and end-of-life care specific or even relevant. For example, we were
seeking to obtain a master list of hospices in England from the public domain, which should be available
as individual hospices are searchable freely on the internet. The data set was not available, and we had to
resort to the relevant organisations and made a bespoke request. The project team encountered similar
challenges to access the basic information of the children’s hospices. There was not a single central facility
to collect national data on hospice capacity. The minimal data set (MDS) collected annually by the National
Council for Palliative Care (now part of Hospice UK) had to be relied on to get some capacity information
(National Council for Palliative Care; 1 December 2018).6° It was far from ideal as the MDS was a sample
survey of the national hospices and the extent of missing data was substantial [as high as 57% at the
CCG level and 53% at the LA level (see Figure 3)]. This explains why, in theory, a better capacity measure
(e.g. hospice beds per 10,000 adults) in this study did not show its superiority to the less refined measures
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(e.g. number of hospices). The MDS was stopped at the end of March 2017.62 There has not yet been a plan
in place to replace it.

The commissioning data were inadequate as well. CCGs were created following the Health and Social
Care Act in 20122 and replaced PCTs on 1 April 2013.35 They are responsible for the planning and
commissioning of health-care services for their local area. The CCGs publish their annual spending, which
is > £25,000, but not all CCGs upload their data and the uploaded files were in various non-unified
formats, making the secondary use of these data unnecessarily difficult if not impossible.

Compared with sociodemographic and clinical factors, the effects of service factors were not strong, but we
did find evidence of significant interactions between service variables and some of the sociodemographic
variables. Although this data did not provide room for a more detailed analysis, it did suggest that a person-
centred approach is essential to achieve the desired end-of-life care outcome in the context of service
configurations. In our conceptual framework, the service use was conceptualised as the factors mediating
the relationship between service characteristics and PoD. None of the service use variables in our analyses
reached a statistically significant contribution that warrants the estimation of mediating effects. This may
not indicate that service use was not important, but rather that the available service use variables were not
overly relevant to the PoD outcomes. As was mentioned earlier, the service variables were primarily focused
on data from acute care settings (e.g. occupied hospital beds) and were non-palliative and not end-of-life
care specific.

The identified large data gap suggests that there is an urgent need to develop systems to collect robust
national data on palliative and end-of-life care services to enable evidence-based service commission,
planning, design and delivery. Service location showing consistent effects on PoD has practical implications.
It highlights the importance of the strategic planning of the care facilities’ locations, a fact that has yet

to receive enough attention in the palliative and end-of-life care field. Researchers in public health areas
proposed a method to optimise the service location. The authors applied it to a real-life application of the
breast cancer screening programme in AB, Canada. It showed an increase in the accessibility of breast
cancer screening services in the province.s3 Whether or not the method will work in palliative and end-of-life
care settings should be a topic of research for future studies. Another possible approach to address the
inequality associated with geographical accessibility is through the application of modern technologies;

for example, telemedicine/health has been used in a palliative care setting and shows promise to improve
access to care 5466

The results reported here were not from causal modelling, which should be an ideal solution for
understanding the complex relationship as depicted in our conceptual framework. A key strength of this
modelling strategy is that the service use variables can be modelled as variables mediating the relationship
between variables of service characteristics and PoD, implemented through structural equation models
(SEMs). We tried to fit the data with the SEM for the binary outcome, but the fit statistics were far from
satisfactory. We also modelled the PoD as a multinomial outcome using the GLMM, but all tested models
did not get converged.

One of the main reasons for this outcome might be that the service-level data were not fine-grained
enough to reveal the complicated relationship among variables. Most of the service variables available in
the public domains were aggregated at CCG or LA level. These variables integrated with individual-level
variables from the death certificates and, although this offered an increased power, they did not provide
sufficient details to reflect the service variabilities, particularly the service use at the individual level. A study
using Monte Carlo simulation techniques demonstrated that the minimal sample size for the simplest SEM
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with a mediating variable is 460.79 In the present study, the effective sample sizes for analyses involving
service variables were 221 (CCGs) and 152 (LAs), both of which were smaller than that which is minimally
required. Hence, we had to resort to the simpler GLMM to establish the association rather than the causal
links between service characteristics and PoD. We also urge any future data provision to be offered in an
area as small as possible (e.g. LSOA).”!

This study considers the service location from the perspective of geographical proximity only, which assumes
that patients access services which are the closest or nearest to their place of residence. The straight-line
distance was used as a proxy measure of access. This simplistic approach did not reflect patients’ actual
access to a health-care facility. More rigorous techniques for quantifying service proximity exist in health GIS
literature.274 However, the computationally intensive nature of these approaches and the size of the data
set meant that we could not implement them. Furthermore, access is a multidimensional construct,3'.7576
consisting of both geographical and non-geographical components (e.g. availability, affordability,
accommodation, acceptability). Analysing access in the context of the geographical dimension only ignores
the influence of non-geographical factors (e.g. the number of beds, workforce, patients’ preference and
seasonality). Future studies should consider methods of calibrating access that account for both geographical
and non-geographical factors.

Owing to reorganisation in the NHS, the new CCGs replaced the PCTs where the local services were
organised and delivered. The organisational change led to the area-level service data provision changing
accordingly to CCGs. Many of the PCT-level statistics discontinued. The ONS individual data delivery had a
1-year lag and, hence, we had to work with 1-year data only. This limited the capability of investigating
how variations in PoD changed with the service configuration and provision. If resources are allowed, it
might be helpful to repeat the analyses using the latest data sets, to compare and contrast findings and to
gain a better understanding of the links between service factors and PoD. We controlled the confounding
effects of main sociodemographics and clinical variables, but we did not consider the potential impact of
other factors (e.g. social care, seasonality, community support).

Nevertheless, this project does provide useful data for further exploration into how service factors interact
with each other, as well as how they interact with patients and other environmental factors that affect
where people die.
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Chapter 5 Conclusions

his is, to date, the largest national population-based evaluation study of the relationship between
health-care services and PoD.

It was found that area-level service factors, including commissioning, type and capacity, location,
workforce and service use, do play a role in the PoD. Hospice capacity was associated with a significantly
higher chance of hospice death in non-cancer deaths but a slightly lower chance of hospice death in
cancer deaths. The distance to the nearest care facility was negatively related to the probability of a patient
dying in that care facility.

The strength of the association of the service factors with PoD was small overall and there was a
significant interactive effect between the service factors and sociodemographic and clinical variables,
suggesting that high-quality end-of-life care needs to be built on a service-level configuration that is
tailored to the individual’s circumstances.

A large data gap was identified, which means that more national data collection is required on services
relevant to palliative and end-of-life care. Owing to the limitation of the data, these findings need to be
further explored in future investigations.
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Chapter 6 Recommendations

B ased on the findings, we make the following recommendations:

1. To develop a core set of national data, collected using standardised approach and format, on services
relevant to palliative and end-of-life care, particularly those that may facilitate/prohibit patients
achieving their preferred PoD.

2. To support further research to validate the link between the capacity of care facilities and the PoD, and
to understand why they have different impacts on cancer and non-cancer deaths, including how care
facilities interact with various contextual and other service factors.

3. To support further research to validate the link between distance to health-care facilities as well as
other geographical access measures (e.g. travel time, network measures) and the PoD, and how to
address the inequality caused by the limited geographical access.

4. To support research on the application of the research evidence in practices to improve palliative and
end-of-life care, particularly in reducing inequality in care.

5. To support more evaluation research that helps to identify both health and social care services that
contribute to the high quality of care at the end of life, in particular the studies involving routine data
sources (e.g. HES, CPRD, other underused health and social care data) that can be used to investigate
time trends, the trajectories of care outcomes, and social care and associated contextual factors.

6. To support research in expanding the evidence base on how health and social care service factors affect
care outcomes beyond PoD (e.qg. satisfaction, place of care, preference).
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