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Abstract

This thesis contributes to the policy debate on quality variation in English general practices. The
first chapter uses spatial mapping methods to describe the considerable geographical variation
across practices and shows that its pattern is quite stable over the past 10 years. We find that
there are spatial clusters of practices with persistently poor quality.

In the second chapter, we analyse the determinants of practice quality as proxied by Ambulatory
Care Sensitive Conditions (ACSCs) emergency admissions. We find that practices which improve
their clinical quality and the availability of urgent and advance appointment reduce their ACSCs
emergency admissions.

To understand the impact of relationships between practices, we present in the third chapter an
application of the peer effect model to GP practices. We find that after allowing for observable
factors and local contextual effects, the quality of a practice varies positively with the quality of a
peer group of practices within the same Primary Care Trust.

We explore in the fourth chapter if practice quality varies with competition. We find modest
effects of competition on clinical quality and patient-reported quality, with larger effects on
practices that are producing lower quality.

Practices will compete on quality only if patients are responsive to practice quality when they
choose a GP practice. In chapter five, we test for this patient responsiveness using data on the
number of patients who change practice without a change of address and who are arguably
therefore more informed about the quality of local practices. Results suggest that changes in
practice quality have a significant impact on the number of patients who decide to join or leave a
practice without changing their address.
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Preface

Variation is a salient feature of healthcare systems. Its causes and consequences have been
analysed from a clinical perspective (e.g., the NEJM paper on intensity of services by Song et al.,
2010) and from an efficiency and productivity perspective (e.g. Bojke, Castelli, Street, Ward, &
Laudicella, 2012; Chandra & Staiger, 2007). Variation in healthcare that is not related to patient
needs can imply both inefficiency and inequity. The efficiency losses from variations in the US
have been estimated at 15-25% of total healthcare expenditure (Skinner, 2011).

A significant proportion of the literature focuses on secondary care and there is relatively little
research on variation at primary care level. In England, there are large variations across GP
doctors’ general practices regarding quality as well as practice characteristics, including general
practitioners (GPs), population and practice location characteristics. In this thesis, we contribute
to the variations literature in several ways by: examining variation in an understudied sector of
healthcare; using rich data on patient and practice characteristics; applying panel data
econometric models, including spatial methods (which take account of unobserved practice level
heterogeneity), and addressing some of the mechanisms (peer effects and competition) which
may explain variation.

The overall aim of this thesis is to understand if variation in healthcare quality followed a spatial
pattern and if so, what factors and mechanisms explained this phenomenon. We therefore start
the analysis by exploring the spatial patterns of primary care quality stability over time in Chapter
1. The relationship between quality and patient and GP characteristics is then examined in
Chapter 2. In addition to these factors, there might be market mechanisms that can explain the
spatial pattern, so we explore the existence and impact of mechanisms as peer effects in Chapter
3, and competition on the quality of GP practices in Chapter 4. The thesis concludes by
highlighting the importance of quality for patients’ GP practice choice in Chapter 5, and supports
the argument that practices may compete via quality.

Quality is multi-dimensional and often difficult to measure. Donabedian (1988) proposed that
quality of care has three dimensions: “structure”, “process” and “outcomes”. We mainly use
proxies of quality from the Donabedian process dimension, i.e., from the healthcare delivery
system, such as ACSCs emergency admissions, patient satisfaction with GP opening hours and
Quality Outcome Framework (QOF), and a few from the outcome dimension, such as patient

satisfaction with overall care.

In the first chapter we examine the dynamics of the space-time pattern of Ambulatory Care
Sensitive Conditions (ACSCs) emergency admissions using spatial statistics. We analyse ACSCs
emergency admissions since it is internationally recognised that emergency admissions for these
conditions could be avoided or reduced by appropriate management in primary care (Purdy,
Griffin, Salisbury, & Sharp, 2009); this is an important proxy of quality of the healthcare delivery
system (from the Donabedian process dimension). Tian, Dixon, and Gao (2012) report that ACSCs
cost the NHS £1.42 billion annually.

Although ACSCs emergency admissions have been increasing over time, this growth is not
geographically homogeneous, hence examining its spatial variation over time using spatial
statistical methods not previously applied to this area. We use inverse distance weighting (IDW)
to construct maps of the rate of ACSCs emergency admissions at GP practice level and which are
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indirectly standardised by age and gender, for sensitive analysis by deprivation. The spatial
analyses show that indirectly standardised rates of ACSCs admissions are heterogeneous across
English general practice but the spatial patterns are not random: there are persistent clusters of
practices with high indirect standardised ACSC emergency admissions rates. By doing separate
analyses of ACSCs emergency admissions, both incentivised and non-incentivised by the Quality
Outcome Framework (QOF), we found that areas with a high incentivised ACSCs emergency
admissions indirect standardised rate improved more between 2004 and 2013 than areas with
high non-incentivised ACSCs emergency admissions.

There are links between ACSCs emergency admissions and either primary care management or
financial incentives (e.g. Dusheiko, Doran, Gravelle, Fullwood, & Roland, 2011; Harrison et al.,
2014). In chapter two, we expand on previous studies by using a richer set of practice and patient
characteristics, taken from Donabedian structural dimensions, to examine what can explain the
variation in ACSCs emergency admissions across practices and over time. Using a Poisson panel
model with fixed effects to control for practice, population, location and time-invariant practice
characteristics, we show that an increase in practice clinical quality and availability of urgent and
advance appointments leads to reduction in ACSCs emergency admissions. The reduction is
generally higher for incentivised ACSCs emergency admissions, although patient satisfaction with
their ability to book urgent appointments also reduces non-incentivised ACSCs admissions. We
also find that that the impact of practice quality on ACSCs emergency admissions is greater for
practices in more deprived areas.

Chapter three examines whether the quality of a GP practice is influenced by the behaviour of
other practices, as well as by its own characteristics. We make use of the fact that general
practices were grouped administratively into Primary Care Trusts (PCTs). PCTs act as forums for
local GPs to meet and compare their activity and quality as required for setting local clinical
standards and monitoring GP practices’ performance. Applying spatial econometric methods, we
estimate a peer effect model for GP practices by making use of the reorganisation of PCTs in
2006. During this re-organisation GP practices could not choose which PCT they would be in and
so we argue that PCTs constitute exogenously determined peer groups, thereby aiding
identification of any peer group effects. Because practices may have different influences in their
peer group, we use the practice size (number of GPs, patients and surgeries) to weight this
influence. Since quality in healthcare is multi-dimensional, we applied the peer effect model for
five measures of quality from the Donabedian process dimension (ACSCs emergency admissions,
QOF total points, QOF population achievement, patient satisfaction with the ability to book
urgent and advance appointments). Using a fixed effect spatial panel Durbin model (SDM), we
found that there are positive peer effects. We also computed the effect of an exogenous increase
in the quality of the largest practice in a PCT but found that though positive, it only leads to a
small increase in the quality of its peers.

In chapter four, we examine another possible explanation for the spatial pattern of practice
quality, namely: competition. Practice revenue increases with the number of patientsin a
practice and practices may seek to attract additional patients by improving their quality. Their
incentive to raise quality to attract additional patients will vary with their exposure to competition
from other nearby practices. Using practice fixed effect models of quality with eight measures of
quality from Donabedian’s process and outcome dimensions, We find that quality is higher in
practices which have a larger number of GPs in rival practices within 1km. Whilst the impactis
greater for practices in the lowest quartile of quality, practices in different quartiles of
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competitive areas do not show a different impact. We also exploit a policy (Equitable Access to
Primary Medical Care) which provides financial incentives to encourage the entry of new practices
in a subset of PCTs, and found that quality increased in these PCTs relative to other PCTs.
However, the overall impact of competition on quality appears to be modest, though positive.

In chapter five, we complement the direct analysis of the effect of competition on quality by
examining whether quality affects patient choice of practice. If there is no effect then practices
have no incentive to raise quality in order to attract patients. There are previous studies of the
effect of quality on choice of practice (e.g. Santos, Gravelle, & Propper, 2017) which we have
expanded on by applying new data to the number of patients joining or leaving a practice without
changing their address. These patients are likely to be well informed about the quality of their
local practices’ healthcare delivery process whereas most patients who change practices only do
so when they move residence. If non-movers do not respond to quality then it is unlikely that
quality will affect practice choice by the majority of these patients who only change practice when
they move house. Using a Poisson panel model with fixed effects on a number of patients that
leave and join a practice without changing address we found that these patients do indeed
respond to quality. Practices with higher quality and more GPs per patient will attract more non-
movers patients. The proportional effect of quality on the number of patients leaving a practice
without change of address is considerable.

These five chapters contribute to the health economics and health geography literature by
showing the factors underlying the spatial pattern of primary care quality. The thesis assesses
quality of care drawing mainly on two of the three dimensions of the Donabedian Model. Our
definition of quality, using proxies such as, e.g., ACSCs emergency admissions, QOF and patient
satisfaction are examples of Donabedian process quality. Most of the explanatory factors we
apply to variations in healthcare, such as FTE GPs, and the healthcare market mechanisms
discussed in chapters 3 and 4, namely peer effects and competition, are aspects of the
Donabedian structural dimension. We partially capture Donabedian’s third dimension, outcomes,
in chapter 4 using patient satisfaction with overall care.

To summarise, this thesis shows there is a stable spatial pattern with some practices in spatial
clusters of high indirect standardised ACSCs emergency admissions for more than five years.
Quality of care and FTE GPs are important explanatory factors of the spatial pattern (in Chapter 2)
and influential factors on patient choice for practices (in Chapter 5). Moreover, Chapters 3 and 4
indicate that practices with stronger peers and in more competitive environments are of higher
quality.
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1.1.Introduction

Preventable emergency admissions are increasing every year. However, this growth is not
geographically homogeneous. These types of emergency admissions are being studied around the
world but a bigger focus on their spatial pattern is needed to fully understand their implication for
inequity of access to healthcare.

We investigate the English spatial pattern of Ambulatory Care Sensitive Conditions (ACSCs)
between 2004 and 2013 at a GP practice level. We identify the spatial pattern and it’s stability
over time, identifying the geographical areas with the highest and lowest rates of indirect
standardised ACSCs emergency admissions for the last 10 years, as well as the areas that have
experienced the highest growth rates of ACSCs.

We analyse ACSCs emergency admissions since it is internationally recognised that emergency
admissions for those conditions could be avoided or reduced by appropriate management in
primary care (Purdy et al., 2009).

Studies from the US, England, Scotland, Canada, Australia, Italy, Spain, Brazil, Portugal, Denmark,
Germany, Singapore, Mexico, Lithuania and France report that there is geographical variation of
preventable emergency admissions across regions, hospitals and GP practices?.

In England several studies focus on variation in preventable emergency admissions Busby, Purdy,
and Hollingworth (2016) explore the English interpractice variation in admission rates in 2011.
Using data for 28 emergency ACSCs admissions the authors found that high-utilisation GP
practices had admission rates that were 55% higher than low-utilisation GP practices, after
adjusting for patients’ age and gender and practice deprivation, distance to closest AED and
Primary Care Trust. The three ACSCs disease groups with the highest interpractice variation -
diabetes complications, alcohol-related diseases and schizophrenia - affect more deprived
patients disproportionately. For these disease groups the high-utilisation GP practices had
admission rates that were more than 230% higher than low-utilisation practices. The interpractice
variation for diabetes complication emergency admission shows an age gradient, with a wider
variation within younger groups (5 to 19 years and 20 to 39 years).

O’Cathain et al. (2013) analysed the variation on ACSCs (more specifically on 14 conditions rich in
avoidable emergency admissions) between 129 hospitals in England for 2008-2011. They found
that 22% of emergency admissions were classed as potentially avoidable, with threefold variation
in the age-sex standardised avoidable admission rates between hospitals. The authors report that
53% of the variation between hospitals could be explained by high demand for emergency
departments, numbers of acute beds per 1000 catchment population and conversion rates from
emergency department attendance to admission and population deprivation.

O’Cathain et al. (2014) analyse the variation on avoidable emergency admissions between
Primary Care Trusts (PCTs) in 2008-11. 22% of all emergency admissions were classified as ACSCs
in 2008-11 and that 3 years age-sex direct standardised emergency admission high rates at PCT
level clustered in the north of England (namely on the North East and North West) and east
London. They found that population factors that had most explanatory power were deprivation
(the proportion of working-age population seeking employment) and urbanicity, while the service

1 An international literature review can be found in the Appendix 1.1
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factors with highest explanatory power were attendance rates at ED, conversion of ED
attendances to admissions, proportions of very short stays, ambulance calls transported to
hospital and patient satisfaction with access to general practice. The authors also did a qualitative
study in 6 PCTs with the highest unwarranted variation. They found three factors for which there
is no routine data: Trust admissions ED schemes since Trusts with more proactive admission
avoidance schemes were more successful at avoiding ACSCs admissions; integration between
services, especially between health and social care; availability of out of hours services (OOH).

Other studies focus on the trend of ACSCs emergency admissions in England, Bardsley, Blunt,
Davies, and Dixon (2013) analysed the trend of the number of admissions for ACSCs conditions
between 2001 and 2011. The authors found a 45% increase in the number of ACSCs emergency
admissions and a 25% increase on the age-standardised ACSCs emergency admissions rate with
notable variations by age group and by disease groups. They report that children under 1 and
adults over 70 were twice as likely to have an ACSCs emergency admission than the general
population. The greatest increases in ACSCs emergency admissions were for urinary tract
infection, pyelonephritis, pneumonia, gastroenteritis and chronic obstructive pulmonary disease.

Blunt (2013) examined the pattern of ACSCs emergency admissions across England from 2001 to
2013. The author reports that one in every five emergency admissions is an ACSCs emergency
admission. These types of admissions increased 48% between 2001 and 2013, while the other
emergency admissions increased by 34%. The geographical pattern of age, sex and deprivation
standardised rates highlight areas (Healthcare authorities - Primary Care Trusts) in the North East
and in the North West with the highest rates. He found significant increases in the standardised
rate for areas that had rates below the national average and only one area with a significant
decrease.

In a cross-sectional study Tian et al. (2012) explore how much NHS could save with ACSCs
emergency admissions reduction. The authors report that the rate of emergency admissions for
ACSCs varies from 9 to 22 per 1,000 populations in 2009/10 across the 326 local authorities (LAs),
with the highest rates among the most deprived English LAs. They estimate that if all LAs
performed at the level of the best performing quintile of LAs, ACSCs emergency admissions could
be reduced by 18% and save the NHS £238 million.

Most of the studies that report geographical variation do so at a regional level (e.g. heath
authorities) using several different methods to quantify variation, different ACSCs definitions and
simple statistical methods.

This chapter addresses the spatial (or geographical) variation of preventable emergency
admissions, proxied by ACSCs, across England from 2004/5 to 2013/14. We make a number of
contributions. Since ACSCs emergency admissions have been linked to primary care management
and quality, we analyse the spatial pattern of ACSCs at GP practice level. At this scale it is possible
to observe the heterogeneity of ACSCs emergency admission rates within health authorities
(Primary Care Trusts).

We present two alternative techniques to observe the space-time dynamics of ACSCs emergency
admissions. The first is the Inverse Distance Weight map of the difference between the spatial
pattern in 2013 and 2004, which highlights the areas that had a higher growth of the indirect
standardised ACSCs emergency admissions rate. The second is the use of Moran’s | Local Indicator
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of Spatial Association to examine whether there are spatial clusters of practices with similar ACSC
emergency admissions rates and whether they are stable over time.

This chapter examines whether the spatial pattern of ACSCs emergency admissions conditional on
the demographic characteristics of the practice list, is random or not, i.e., if there are spatial
clusters of ACSCs emergency admissions. Comparisons of spatial clusters from 2004 to 2013
reveal areas of GP practices that have high indirect standardised ACSCs emergency rates for
several years. These are likely to be areas that need a specific local health plan to address their
primary care service features and detail the integration/relationship between primary and
secondary care.

The next Section provides a brief explanation of the institutional framework for English general
practices. Section 1.3 describes the data and Section 1.4 the indirect standardisation method, the
measures of variation and the spatial statistics to identify and analyse the spatial pattern of ACSCs
emergency admissions. Results are in Section 1.5 and Section 1.6 concludes with a discussion of
the policy implications of our analysis, and our strategies for further analysis.

1.2.Institutional background

The English National Health Service (NHS) is a tax-financed system and free at point of use (apart
from a small charge for dispensed medicines, which is applied to around 10% of prescriptions).
NHS primary care is provided by family doctors, known as General Practitioners (GPs), organised
in small surgeries known as general practices. All residents in England are entitled to register with
a general practice, and have incentives to do so, as the practices provide primary care and act as
the gatekeeper for elective (non-emergency) hospital care.

Most general practices are partnerships owned by GPs and have on average 5 GPs (4 Full Time
Equivalent —FTE GPs). They employ other medical staff, including nurses (on average 3 Head
Count—HC and 2 FTE), direct patient care staff (on average 2HC and 1.3 FTE) and administrative
staff (on average 12 HC and 8 FTE), and have around 7,500 patients (NHS Digital, 2016). The NHS
contracts, more specifically the Primary Care Trusts (PCTs), are with the practice rather than the
individual GPs. Practices are paid by a mix of lump sum payments, capitation, quality incentive
payments, and items of service payments. Quality incentives from the Pay for performance
scheme, Quality and Outcomes Framework (QOF) generate a further 15% of practice revenue
(Roland 2004). Practices are reimbursed for the costs of their premises but have to fund all other
expenses, such as hiring nurses and clerical staff, from their revenue. PCTs were the legal entities
and free-standing NHS bodies from 2001 to 2013 responsible for commissioning primary,
community and secondary health services from providers. PCTs held budgets and set priorities,
within the overriding priorities and budgets set by the SHA and the Department of Health. On the
1°* April 2013, following the Health and Social Care Act (2012), Clinical Commissioning Groups
(CCGs) replaced the PCTs. Although the CCGs are clinically-led statutory NHS bodies responsible
for the planning and commissioning of health care services for their local area, they do not
directly commission primary care. NHS England is responsible for the direct commissioning of
services outside the remit of clinical commissioning groups, namely primary care, public health,
offender health, military and veteran health and specialised services?.

2 Detailed information on NHS commissioning is available via https://www.england.nhs.uk/commissioning/primary-

care-comm/
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1.3. Data

The disease groups and more specifically the ICD10 codes® used to define ACSCs have been widely
discussed. The Institute for Innovation and Improvement suggested a definition based on 19
disease groups (Tian et al., 2012). After a literature review Purdy et al. (2009) found 17 more
disease groups, that were defined as ACSCs in the literature, but also more ICD10 codes for the 19
disease groups. From the 1,900,409 emergency admissions in 2005/6, which would be classified
as a ACSCs admission by the full set of 36 conditions, only 35% were in the 19 ACSCs set used by
NHS England Institute.

Sundmacher et al. (2015) use group consensus method to evaluate the degree of preventability of
ACSCs and suggest a subset of 22 out of 40 ACSC diagnosis groups, covering conditions with a
higher than 85% estimated degree of preventability in Germany, while Coleman and Nicholl
(2010) using Delphi exercise with 48 senior clinicians suggest two sets of ACSCs for England. A set
of 16 disease groups to measure the ability of systems to manage conditions to avoid serious
emergencies and a set of 10 disease groups to measure the ability of the systems to control
urgent conditions exacerbations that could be managed outside a hospital inpatient setting®.
Purdy, Griffin, Salisbury, and Sharp (2010) also used a Dephi exercise to understand the
prioritisation of disease groups within a core of 12 ACSCs. Dementia, COPD and kidney and
urinary tract infections were the three top priority disease groups. The authors highlighted that in
2005/6 dementia was not a national priority. Consequently, dementia was introduced in the
Quality Outcome Framework (QOF) in 2006/7 and GP practices started recording the number of
patients diagnosed with dementia and reviewing the care of dementia patients yearly.

Some authors have grouped ACSCs in more homogenous categories. For example the NHS
Outcome Framework (NHSOF) (Department of Health, 2013) distinguishes ACSCs in chronic and
acute unplanned/emergency admissions to evaluate the effectiveness of primary and community
care®. While the chronic ACSCs is an indicator for how successfully the NHS manages chronic
conditions that can be managed in the community, the acute ACSCs age-sex standardised rate is
an indicator for conditions that should usually be managed without the patient having to be
admitted to hospital. This categorization has been used in several studies (Bardsley et al., 2013;
Blunt, Bardsley, & Dixon, 2004; Busby et al., 2016) since it separates two dimensions of primary
care: the management of long-term conditions and the response to urgent conditions
exacerbations.

In light of the introduction of the Quality and Outcomes Framework (QOF)® in England, Harrison
et al. (2014) classified ACSCs as incentivised and non-incentivised. The authors included in the
incentivised ACSCs group disease groups that were continually incentivised under the QOF and as

3 International Statistical Classification of Diseases and Related Health Problems is a clinical cataloguing

system proposed and updated by the World Health Organisation (WHO). It contains codes for diseases, signs and

symptoms, abnormal findings, complaints, social circumstances, and external causes of injury or diseases. The list of ICD

10 codes can be found at: http://apps.who.int/classifications/icd10/browse/2010/en

4 O’Cathain et al. (2014) used Coleman and Nicholl (2010) list of 14 health conditions to define ACSCs emergency

admissions.

5 https://www.england.nhs.uk/wp-content/uploads/2014/03/red-acsc-em-admissions-2.pdf (consulted August 2018)

6 Quality Outcome Framework (QOF) is the pay for performance scheme for English, Welsh and Scottish GP practices.

The pay for performance indicators changed along the years. Initially, in 2004/5, there were four domains: clinical,

organisational, patient experience, and additional services, with the clinical domain comprehending 76 indicators in 11

disease areas. In 2015/16 there are three domains: clinical, public health and public health additional services with the

clinical domain comprehending 65 indicators in 19 disease areas. NHS England reviews the set of indicators and its

corresponding value in points each year. In 2015/16 the practices were rewarded with £160.15 per point on average.
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non-incentivised ACSCs disease groups that were not targeted under the QOF at any time
between 2004/5 and 2010/11.

ACSCs are conditions for which better management in primary care can reduce emergency
admissions. The QOF incentivises some activities in primary care (record keeping and managing
bio markers such as blood pressure) which were chosen because it was believed they would
improve the health of patients with a range of chronic conditions (asthma, diabetes, etc.).

Our primary data source was the Hospital Episode Statistics (HES)? from 2004/5 to 2013/14. HES
data is collected during a patient's stay at hospital and this data is submitted to allow hospitals to
be paid for the care they deliver. An episode is created each time a patient is seen by a different
Consultant. For each episode of care HES records information on the patient clinical care (e.g.
diagnosis, procedures), the hospital spell of care (e.g. admissions and discharge dates and types),
the patient characteristics (e.g. age, gender, ethnicity, LSOA, CCG) and the patient’s GP practice
code. The hospital stay of the patient is usually measured by the spell of care, which is the
combination of all the finished consultant episodes that the patient experiences during her stay.
We analysed data on all emergency admissions, excluding admissions that were transfers
between hospitals. Emergency admissions were defined as the first episode in a spell of care,
coded as an emergency, and admitted from a source other than another hospital ward or
outpatient clinic. Using the primary diagnosis code in HES we classify the admissions as ACSCs or
non-ACSCs. We use the patients’ GP practice code recorded on the HES episode to attribute to
each GP practice the number of ACSCs emergency admissions per age and gender band.

We use a comprehensive definition of ACSCs that include all the conditions (ICD 10 codes) defined
by Harrison et al (2014) as incentivised and non-incentivised and by the Department of Health
(2013) as chronic or acute.

The location of GP Practices was collected from NHS choices and Connecting for Health (archive
and current data files). The location data includes the location of all surgeries which is over
10,000 for the over 8,000 practices. This is important since we will use all the locations to
calculate the minimum distance between GP practice surgeries.

We obtained practice lists with the number of patients per age and gender bands from GPs
workforce data (NHS Digital®) and income deprivation from Neighbourhood statistics (Office for
National Statistics®). Income deprivation was obtained at Lower Super Output Area (LSOA) level
and attributed to practices using the Attribution Data Set (NHS Digital'®), which provides
information on the share of patients residing in LSOA a that are registered with practice j for each
yeart.

We only include GP practices with more than 1000 patients in year t, t-1 and t+1 and that have
more patients than emergency admissions per age and gender band.

7 Hospital Episode Statistics are Copyright 2015 and re-used with the permission of NHS Digital.
8 NHS Digital workforce data is available at http://content.digital.nhs.uk/workforce
9 ONS neighborhood statistics is available at http://www.neighbourhood.statistics.gov.uk/dissemination/

10 ADS data set available at http://content.digital.nhs.uk/
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1.4. Methods

1.4.1. Indirect standardisation

To explore the spatial pattern of ACSCs emergency admissions rates across the more than 8,000
English GP practices and to examine the unexplained variation, we need to make the GP practice
rates comparable. Given that disease and risk factors within a particular population will depend
strongly on its age and gender structure but also by deprivation in some analyses.

Indirect standardisation is preferable when there are small numbers of admissions in particular
groups. In our case, we have small numbers of admissions per GP practice once we count them by
age and gender group. If we used direct standardisation the estimated rates would be subject to
substantial sampling variation.

It is common on official statistics to allow for exogenous factors such as age and gender when
comparing hospital admissions areas. We therefore use age and gender standardisation to
examine the spatial patterns and their stability over time. We also standardised by deprivation to
initially examine whether deprivation partially explains those patterns. Latter in other chapters,
we take other factors into account (e.g. morbidity, practice characteristics) using regression
methods.

The expected number of admissions per practice when adjusting by age and gender is:

J ADM

ExpAdm, = Z—sw' Pop, (1)
j=1 opstdj
ADM
where F’Opij is the number of GP practice i patients in age and gender group j and TP] the

std;

age and gender specific admission rate from the standard population®®.

The expected number of admissions per practice when adjusting for age, gender and deprivation
is:

s J, ADM,,

ExpAdm, = —=Pop; (2)
p ;; F)opstdjg pjg

where F’Opijg is the number of GP practice i patients in age, gender group j and deprivation
R ADMSfdjg L. R .o .
quintile g and SoP . the age, gender and deprivation quintile specific admission rate from the
std jg
standard population.

The standardised admission rate is the ratio between the observed and the expected:

11 The standard population was the total practice list by age and gender at national level.
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' ExpAdm,

1.4.2. Spatial pattern analyses

Since "everything is related to everything else, but near things are more related than distant
things" (Tobler, 1970) it is important to use spatial statistics to understand if the spatial pattern
presents statistical significant clustering or not.

1.4.2.1 Heat Maps using the Inverse Distance Weighting technique

GP practice location is spatial point data. To visualise the spatial pattern of standardised ACSCs
emergency admission rates at GP practice level we used Inverse Distance Weighting (IDW). IDW is
a deterministic, nonlinear interpolation technique that aims to create surface layers from data
points. The surface is created by connecting a series of sample points with recorded sampled
values, by predicting the value in the non-sampled space between them. The non-sampled
locations are estimated taking into account a weighted average of the nearby sample
locations/points. This method was also used by Lovett et al. (2014) to examine COPD admission at
Lower Super Output Area (LSOA) level.

1.4.2.2 Spatial Statistics

To understand if the spatial pattern for the GP practice ACSCs emergency admissions
standardised rate across England is or is not random, we test for global and local spatial
correlation using Moran’s / statistics. Since spatial correlation is a measure of the relation
between values in nearby spatial units, we first need to define what we mean by “nearby”. In
spatial statistics, the “nearby”, or more exactly the relationship between GP practices, will be
expressed by a non-negative matrix, known as spatial weight matrix.

Weight Matrix Specification

The specification of the spatial weight matrix is important since it captures how the GP practices
influence each other.

In our case, we have the location of all the GP practice branches. A GP practice has on average 1.2
branches and we define the strength of the relationship with other GP practices using the
minimum distance between the branches of GP practice | and j . In the example in Figure 1, GP

practice A has 2 branches, Al and A2, and different sets of GP practice neighbours within a given
radius of each of its branches. The spatial proximity between, for example, practices A and E will
be captured by one unique measure W, in the W matrix. We will set w,. to be a function of

the minimum distance between practice A and E GP practice branches, i.e,

W =F(min{dye dye  due Gue, }) = F(des)
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Figure 1 - GP practices branches location
We specified three W matrixes that are based on distance. These are describe below:

a) The first W matrix specification, the within 5km radii W matrix, sets w; is 1if the GP practice

surgeries/branches are less than 5km apart and 0 otherwise (as in equation(4)). This specification,
assumes that the strength of the relationship between practices within the radii is the same.

w; =1 if d; <5km
w; =0 if d;,>5km (4)

w, =0
where dl.j is the distance between GP practice | and j.
b) Secondly we defined W as:
w, =1/d, if d;<5km and i#j (5)
In this specification GP practices’ relationships have a different strength according to the distance

between branches within the 5km radius. The critical cut-off distance beyond which we disregard
GP practices’ relationships is important for computational issues.

c) Thirdly we defined W, asl if a GP practice is within the 5 nearest GP practices, as defined in

the following equation:

Wii=0
WI.].=1 if didei(k) (6)
WI.jZO if dij>di(k)

26



where d, (k) is the minimum distance to the 5th nearest neighbour of GP practices I .

This specification allows all GP practices to have relationships of the same strength with 5 GP

practices, ignoring if the practice is in a more urban or rural setting.

To normalise the influence of all other GP practices | over each practice , the spatial weight

matrices are row-standardised so that the elements W; in each row sum to 1.

(7)

%
Wij_

Wy
Z Wi
i

The expectation is that the correlation between the GP practice i and its neighbours to decrease
with the increase of the neighbours. So we would expect higher correlations when using a within
5 radii W matrix then when using a within the same local authority W matrix. The expectation
regarding the nearest neighbour W matrix is less straight forward since it will decrease the
number of GP practices within a neighbourhood of an urban GP practice and increase the number
of GP practice neighbours of a rural GP practice. We also specify a W matrix which attributes
different weights to neighbouring GP practices within a 5km radii in (5) according to the inverse
distance they are from GP practice i. We expect that the correlation between GP practice j and its
neighbours will be higher with this matrix since the nearest GP practices will have a higher weight.

Moran’s I global and local statistics

Moran (1950) proposed the first general measure for spatial correlation and Cliff and Ord (1972)
suggested it as a statistical test naming, it “Moran’s | test”. The test was originally developed to
test the spatial correlation among regression residuals but it has also been used to test the
randomness of the spatial pattern of variables (e.g. Le Gallo & Ertur, 2003).

The Moran’s [ statistics:

n Zzwij(xi,t _:ut)(xj,t _,Ut)
I - 1

j
t So Z(Xi,t _,Ut)2

where S; = Z:Z:Wij
i

(8)

X; is the indirect standardised rate of ACSCs emergency admissions in GP practice j on year t ;
M, is the mean indirect standardised rate of ACSCs emergency admissions in year {; n is the
number of GP practices and W isan element of the spatial weight matrix W that measures the

relationship between GP practice | and j . The elements on the diagonal of the W matrix are set

tozero (w; =0).

Usually the strength of the relationship between | and ] is based on the spatial proximity of the

observations. Spatial proximity, when using location data, is defined using the distance, i.e., the
closer two observations are, the stronger their relationship is, as mentioned above. To normalise
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the influence of all other GP practices j over each practicel, the spatial weight matrix is usually
row-standardised such that the elements W in each row sum to 1. In this case equation (8)

simplifies since for row-standardised weights S, = n and Moran’s | statistics is:

ZZW” (Xi,t _lut)(xj,t _/ut)
| = i

t Z(Xi,t _,ut)z

(9)

Using a row-standardised weight matrix is also more intuitive since the Moran’s | statistics can be
interpreted as the correlation between GP practice i indirect standardised rate of ACSCs
emergency admissions and the weighted average of nearby GP practices indirect standardised
rate of ACSCs emergency admissions.

Moran’s | takes the form of a correlation between the deviation from the mean of X, (X, — £4),

and their spatially lagged values W, (X;, —£4) .

To use Moran’s | statistics as a test, Cliff and Ord (1973 and 1981) developed Moran’s | statistics
moments (mean and variance) under which observations are drawn from a normal distribution or
from random permutations distribution.

The mean of Moran’s | under the null of no correlation is :

E(|)=_ni_1 (10)

The Moran’s | test is a global spatial statistics, i.e., it tests if the spatial pattern is random or
spatially clustered, but doesn’t identify the local spatial clusters. Anselin (1995) proposed a
Moran’s | Local Indicator of Spatial Association (LISA). The author defined as LISA any statistics
that satisfied the following two conditions: (a) the LISA for each observation gives an indication of
the extent of significant spatial clustering of similar values around that observation; (b) the sum of
LISAs for all observations is proportional to a global indicator of spatial association.

(11)

as before X;, is the indirect standardised rate of ACSCs emergency admissions in GP practice i in
year t; 4, isthe mean indirect standardised rate of ACSCs emergency admissions inyear t, n is
the number of GP practices and W isan element of the spatial weight matrix W that measures
the relationship between GP practice | and J . The summation over | will only include GP

practices for which Wij is different from 0, i.e., when there is a relationship between GP I and J.

When using a row-standardised weight matrixW , the mean of Moran’s | LISA equals the global
Moran’s | statistics.
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The mean for Local Moran’s | is:
E(I,)=-w,/(n-1) (12)

with w, as the sum of the row elements, i.e., W, = ZWU . When we use a row-standardised
j

weight matrix the mean for Local Moran’s | is reduced to —1/(n —1) .

1.5. Results

The number of Ambulatory Care Sensitive Conditions (ACSCs) emergency admissions has
increased over time as shown in Table 1-1. The ACSCs emergency admissions increased 24.3%
between 2004 and 2013, and after a considerable decrease in ACSCs emergency admissions in
2007, the highest annual growth rate was in 20082,

1.5.1. Time trend

Table 1-1: Total ACSCs emergency admissions

Annual growth

All rate

2004 852,562

2005 871,307 2.20%
2006 879,517 0.94%
2007 842,715 -4.18%
2008 913,404 8.39%
2009 940,672 2.99%
2010 982,689 4.47%
2011 991,772 0.92%
2012 1,050,509 5.92%
2013 1,059,687 0.87%

Table 1-2 has trends for incentivised, non-incentivised, chronic and acute ACSCs.

The discrepancy between the total number of ACSCs in Table 1-1 and the sum of Chronic and
Acute ACSCs in Table 1-2 is due to the inclusion of incentivised and non-incentivised conditions
included in Harrison et al. (2014) but not incorporated in Department of Health (2013). While
Chronic ACSCs and Incentivised ACSCs decreased by -3.54% and -1.23% between 2004 and 2013,
the Acute and Non-Incentivised ACSCs have increased by 28.4% and 36.15%, respectively.

12 The negative annual growth rate in 2007 (financial year 2007/8) is also reported in Blunt (2013) and Bardsley et al.
(2013)
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Table 1-2: ACSCs emergency admissions: the four different definitions

Annual Annual Annual Annual
growth Non- growth growth growth
Incentivised rate Incentivised rate Acute rate Chronic rate

2004 485,474 170,178 284,998 379,618
2005 479,987 -1.1% 179,064 5.2% 309,756  8.7% 375,988  -1.0%
2006 472,637 -1.5% 185,009 3.3% 323962  4.6% 374,251  -0.5%
2007 439,070 -7.1% 182,228 -1.5% 318,433  -1.7% 344,515  -7.9%
2008 469,367 6.9% 195,298 7.2% 355,248 11.6% 370,477  7.5%
2009 462,971 -1.4% 206,406 5.7% 382,935 7.8% 361,158  -2.5%
2010 472,868 2.1% 212,969 3.2% 417,324  9.0% 367,812 1.8%
2011 470,497 -0.5% 216,602 1.7% 430,096 3.1% 361,990 -1.6%
2012 484,944 3.1% 227,092 4.8% 374,050 -13.0% 374,050 3.3%
2013 479,507 -1.1% 231,695 2.0% 366,182  -2.1% 366,182  -2.1%
2004 to 2013: -1.23% 36.15% 28.49% -3.54%

1.5.2. Spatial pattern of indirect standardised ACSCs rate

The spatial pattern of ACSCs has been reported in Atlases ACSCs (NHS Right Care, 2011 and
2015%) at Primary Care Trust (PCTs) and Clinical Commission Groups (CCGs) level. The map on the
left of Figure 2 shows the spatial pattern of 2004 indirect standardised rate of ACSCs for the 303

Primary Care Trusts'*, while the map on the right shows the spatial pattern at GP practice leve

Each map displays a colour per unit of analysis (a PCT or a raster pixel) according to the interval

produced by the standard deviation of the distribution. The areas with lower than the mean

ACSCs emergency admissions indirect STD rate are in blue. While the areas at the mean indirect

|15

standardised ACSCs emergency admissions rate (more precisely within one Standard deviation of

the mean) are in yellow and the areas with higher indirect standardised ACSCs emergency

admissions rate, i.e., one and two SDs from the mean indirect standardised ACSCs emergency

admission rate are in orange and red.

13 Both atlases were consulted at https://fingertips.phe.org.uk/profile/atlas-of-variation (6th August 2018).

14 |n 2006 the 303 Primary Care Trusts were reduced to 152. The new geographical borders are shown in maps.

15 We used the Indirect Weight Distance interpolation tool to create the map at GP practice level.
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Figure 2 — Comparison of spatial scales: PCT versus practice level ACSCs rates in 2004
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The maps show similar spatial patterns, but the practice level map allows us to visualise the
variation within a PCT and the spillovers across PCT borders. The analysis at GP practice level
allows a better understanding of the spatial concentration of high and low rates of indirect
standardised ACSCs. For example, the Northumberland 2004 PCT, on the top right of the map, is
highlighted in an orange colour in the map at PCT level, while the GP practice level map shows
that the high ACSCs indirect standardised rates are concentrated on the border with North
Tyneside 2004 PCT around the city of Ashington and that the PCT actually has low ACSCs indirect
standardised rates in the northern areas. The fact that most cities with high population density

and/or high levels of deprivation are highlighted in the GP practice level map with high ACSCs
indirect standardised rates will be discussed later on.

We report in Figure 3 the spatial pattern of Indirect Standardised ACSCs rate for 2004 and 2013.

Comparing the spatial pattern of Indirect Standa