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Shirley Jill Simmonds

The UK has an ageing population in which overall life expectancy is growing faster than healthy
life expectancy. The result is that an increasing number of older people are in poor health; these
people contribute to rising trends in hospital admission and are commonly associated with the
financial crisis in the NHS. Reducing demand on hospitals is enshrined in Government policy, but
requires improved understanding of the determinants of service use; these may differ according
to the type of admission under consideration. Only when the determinants of admission are clear
can effective preventive measures be put in place.

This thesis describes the creation of a novel resource in which to investigate risk factors for
hospital admission. This is achieved by combining data from two sources. The first is the
Hertfordshire Cohort Study; a group of community-dwelling men and women whose physical,
mental and social health were comprehensively characterised in 1998-2004 when they were aged
59-73 years. To these baseline data, routinely collected information about hospital admissions
that participants experienced during the following decade has been added. The resulting resource
has several advantages over hospital data alone: it includes variables that were prospectively
collected; that go beyond those that are clinically relevant; and that cover non-admitted as well as
admitted individuals.

Three papers based on the combined dataset are presented. Each takes the same panel of 25
predictor variables - chosen to summarise baseline demography and anthropometry, lifestyle,
social circumstances, physical function and morbidity — and compares it with one of three
admission outcomes: 30-day readmission, emergency admission or elective admission. Across
both sexes, the papers identify six risk factors for 30-day readmission, five for emergency
admission and four for elective admission. Two markers of overall burden of disease: poor self-
rated health (SRH) and increased number of body systems medicated (NSM); conferred risk for all
three outcomes. Poor physical function and history of smoking were associated with risk of two
outcomes each. SRH was associated with emergency admission in both sexes and NSM with
elective admission in both sexes. The likelihood of each type of admission rose with the number
of risk factors an individual had that were specific to it.

The primary implication is that older people at highest risk of admission of any sort could be
identified prospectively in a primary care setting by screening for poor SRH and a high number of
systems medicated. This is suggested as an area for focus in revising the Quality and Outcomes
Framework. Meanwhile, Public Health departments should seek to decrease risk profiles in
younger generations and thus to increase healthy life expectancy.

An important additional point relates to the linkage methodology. This PhD has shown that linked
data have more value than either cohort or routinely collected data alone; this methodological
contribution is arguably as important as the substantive findings. However, the work has been
threatened from the outset by changing regulations on data sharing — a problem that urgently
needs to be addressed. The Digital Economy Act that is currently progressing through Parliament
presents an opportunity for Government to remedy the access problems that beset research of
this nature.
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1.1 Aims

The aims of the research described in this thesis were twofold: to link data from the baseline
characterisation of an ageing English cohort with administrative data on hospital admissions
experienced by participants during the following decade; and to investigate associations, within
the resulting dataset, between 25 predictor variables from the cohort data and three admission
outcome variables, namely elective admission, emergency admission and readmission within 30

days of discharge.

1.2 Rationale

The UK has an ageing population in which overall life expectancy is growing faster than healthy
life expectancy. The result is that an increasing number of older people are in poor health; these
people contribute to rising trends in hospital admission and are commonly linked with the
financial crisis in the NHS (lacobucci, 2017b). Public concern is high: during the winter of 2016/17,
pressures on the NHS led to conditions in hospitals that were described by the Red Cross as an

‘humanitarian crisis’ (O’Dowd, 2017).

Reducing demand on hospitals is enshrined in Government policy (NHS, 2017). A range of
measures have been proposed to achieve this (Oliver, 2016b), prevention being high on the
agenda (Alderwick and Ham, 2017). Prevention requires first that risk factors for admission be
understood. However, more is known about the determinants of readmission than of the elective
or emergency admission that necessarily precedes it, though some admissions of each type have
been argued to be potentially avoidable (Sanderson and Dixon, 2000; Blunt et al., 2010; Purdy,
2010; Chauhan et al., 2012; van Walraven et al., 2012). A review of the literature (Section 3.3)
suggests that risk factors may differ between elective admission, emergency admission and
readmission, but is difficult to interpret because of differences in data sources, study designs and

healthcare systems.

This thesis adopts a consistent approach to investigate the risk factors for type-specific admissions
in a single dataset. The decision to link cohort and administrative data was prompted by three
perceived advantages. First, linkage allows the unit of measurement to be the person rather than
the admission. People who have multiple admissions and people who have none contribute

equally valuable information; this is not the case using admissions data alone. Secondly, an
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extensive range of prospectively measured predictor variables exists in cohort data that is not
routinely available. Finally, ascertainment of admission outcomes through administrative data is
almost attrition-proof; it would be more difficult, more expensive and less successful if contact

with cohort members were required.

1.3 Data sources

The cohort data used in this research were from the Hertfordshire Cohort Study (HCS), which
comprises 2,997 men and women born in that county between 1931 and 1939 and aged 59-73 at
baseline (1998-2004). With reference to published literature on the determinants of admission, a
panel of twenty-five predictor variables was selected for this investigation from the extensive
range measured at baseline. Briefly, the variables summarised participants’ demography and

anthropometry, lifestyle, social circumstances, physical function and morbidity (Section 3.4).

The administrative data were routinely collected and supplied by the Hospital Episodes Statistics

(HES) Service. Mortality data from the Office for National Statistics were also incorporated.

1.4 Thesis overview

Using linked cohort and HES data, this thesis adopts a lifecourse approach to investigate the
predictors of elective admission, emergency admission and readmission within 30 days of
discharge amongst participants of the Hertfordshire Cohort Study. It follows a 3-paper format,
each paper considering the relative and combined effects of the predictor panel variables on one
admission type. The papers are followed by an overarching discussion chapter which compares
and contrasts the predictor panel across the three admission types, thus collectively the thesis
contributes more than the sum of the three papers to the understanding of the aetiology of

hospital admissions in later life.

The thesis comprises eight chapters in total. Following this introduction, Chapter 2 describes
population and individual ageing, discusses the distribution of hospital admissions, provides an
overview of policy measures intended to manage demand and concludes that such measures
require better evidence on risk factors for admission. Chapter 3 therefore reviews the literature
on the determinants of hospital admissions among older people. It focuses first on studies using
linked cohort and administrative data from the UK, and widens to consider risk factors specific to
30-day readmission, emergency admission and elective admission. On this basis, it develops and
outlines the original research questions that underpin the thesis. Chapter 4 describes the

Hertfordshire Cohort Study and the linked Hospital Episode Statistics data in detail. It then
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provides an overview of the cohort’s experience of admissions and the analysis strategy common

to the three papers.

Chapters 5, 6 and 7 present the three component papers: on 30-day readmissions, emergency
admissions and elective admissions respectively. The papers have been prepared by the candidate
as lead author, with the intention to submit to a journal that limits original articles to 2500 words,
30 references and 3 tables or figures, though additional material can be included in online
appendices. Unfortunately, it has not been possible to submit them to date, due to restrictions on
the HES data that are discussed in Sections 4.8.3 and 8.4.4. To preserve the integrity of the papers
and of the thesis as a whole; tables, figures and appendices from the papers have dual numbers,

and the references cited are repeated in the bibliography of the thesis.

Following the three papers, Chapter 8 comprises the overarching discussion referred to above.
After summarising the key findings, this final chapter compares and contrasts the predictor panel
across the three admission types, considers the policy implications of the findings, discusses the
strengths and limitations of the work, makes suggestions for future research and draws together

key conclusions of the thesis.
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This chapter describes population and individual ageing and the impact they have on hospital
admission in older people. Section 2.1 shows that when increases in life expectancy are not
matched by increases in healthy life expectancy, the population of older people at greatest risk of
admission grows; projections are presented that have worrying implications for future demand on
hospitals. Section 2.2, on individual ageing, discusses the development of chronic disease in later
life and conceptual approaches to limiting it; these will be important in the context of an ageing
population if demand on hospitals is to be managed at source. Section 2.3 outlines the care
system that exists in England, and shows that hospital care is its most costly element. Section 2.4
therefore focuses on hospitalisation. After describing the pattern of admissions overall, it
differentiates three admission types: elective, emergency and 30-day readmission; and contrasts
them according to the burden they impose on the NHS, their epidemiology and their impact on
older people. Trends in overall and type-specific admissions highlight the need to manage
demand on hospitals; Section 2.5 outlines policy initiatives applied across the care system which
seek to do this, both generally and with reference to particular types of admission. It finds that
such strategies have limited effectiveness, especially if they depend on routinely collected data to
identify those at risk of admission. Section 2.6 therefore concludes that more and better
information about risk factors for admission might be obtained from bespoke research studies; a

review of the existing scientific literature follows in Chapter 3.

2.1 Population ageing

Population ageing is defined as a rise in the proportion of older people within a population. The
process is taking place in nearly all countries of the world, driven by reductions in first, mortality,
and then fertility, during the demographic transition (United Nations, 2013). Like most developed
countries, the UK already has an aged population in which life expectancies continue to rise
(House of Lords Select Committee on Public Service and Demographic Change, 2013). This positive
development may be mitigated by failing health in old age, thus a measure of health expectancy is
required to evaluate the impact of population ageing (Parliamentary Office of Science and

Technology, 2006); particularly in relation to the demand for hospital care.

2.1.1 Life expectancy

In England and Wales, the 2011 census reported that 9.2m usual residents were aged 65 or over

(Office for National Statistics, 2013a, 2013b); at that time, remaining life expectancy (LE) at age 65
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was 18.2 years for men and 20.8 years for women. The number of older people and the
proportion of the population they represent will increase in coming decades as those born during
the post-war baby boom reach old age. At the same time, it is projected that LE at age 65 will rise
to 23 years for men and 26 years for women by 2030 (House of Lords Select Committee on Public
Service and Demographic Change, 2013). The result will be that by 2030, 13.8m residents of
England and Wales will be aged 65 or over: a 50% increase on 2011. Increases in the oldest-old
will be even more rapid: in 2011, there were 1.25m people aged 85 or more; by 2030 this is

expected to have doubled to 2.5m (Office for National Statistics, 2011b).

2.1.2 Health expectancy

Healthy life expectancy (HLE) is calculated from a question on self-rated health (SRH) routinely
asked in the General Household Survey and also in the 2011 census (Office for National Statistics,
2011a), which requires respondents to rate their general health during the previous year on a 5-
point scale from very good to very bad. The categories are grouped to represent ‘good’ and ‘not
good’ health and are analysed in combination with mortality data to produce estimates of HLE at

the population level (Office for National Statistics, 2014c).

In 2009-2011, HLE at age 65 in England was, for men: 60.0% of remaining life (10.9 years in good
health and 7.3 in not good health), and for women: 58.3% of remaining life (amounting to 12.2
years in good health and 8.7 in not good health) (Office for National Statistics, 2014c). Thus,
although women had longer life expectancy, a greater proportion of it could be expected to be
lived in poor health. By 2012-2014, overall life expectancy at age 65 had risen for both men and
women, but the proportion spent in good health had fallen to 56.3% in men (10.6 years in good
health and 8.2 years in not good health) and 54.2% in women (11.5 years in good health and 9.7

years in not good health) (Office for National Statistics, 2016).

Notwithstanding worrying suggestions that rises in LE have recently slowed (lacobucci, 2017a), it
is clear that a widening gap exists between LE and HLE. Older people already make greater
demands on hospitals than any other age group (Section 2.4); if HLE continues to fall behind LE in
an older population swelled by baby boomers, an increasing burden of morbidity will accentuate
the impact of population ageing on hospital admissions. One projection suggests that the NHS will
need at least 17,000 additional beds in acute hospitals by 2022: this equates to about 22 hospitals
with 800 beds each (Smith et al., 2014).

Section 2.2 discusses the theory and practice of individual ageing, approaches to maintaining
health into old age and the existing burden of age-related illness; factors closely linked to future

and current demand on hospitals.
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2.2 Individual ageing

In contrast to population ageing, individual ageing is a continuous, unavoidable process argued by
some to begin at or before birth (Franco et al., 2009). There are numerous theories as to why it
occurs. The traditional medical model holds it to be the result of physical changes which are
largely inevitable, whilst social gerontologists point out that some aspects of ageing (such as
lifestyle or retirement age) are socially or culturally determined and may therefore be modifiable

(Cox et al., 2014).

221 The biology of ageing

Biologically, ageing is defined as a gradual loss of function with chronological time, with increasing
probability of death (Cox et al., 2014). It is associated with a deterioration in physiological
processes, brought about in three interconnected ways (Masoro, 2003). The first of these is
intrinsic biological activity, for example by free radicals, which are a product of aerobic
metabolism and cause damage which accumulates through life. The second is a range of extrinsic
factors particular to lifestyle or the environment, which can accentuate the damaging action of
intrinsic factors. The third is age-associated disease which, being an effect as well as a cause of
deterioration, can lead to a vicious circle of decline; it has been argued that the majority of

physiological deterioration is secondary to this age-associated disease (Masoro, 2003).

2.2.2 The lifecourse perspective on ageing

The loss of function that is definitive of ageing has been shown to follow a similar trajectory
through life in many biological systems. This observation underlies the lifecourse perspective
(Stein and Moritz, 1999). Typically, capacity increases gradually during early life to reach a peak in
early adulthood, plateaus, and then declines (Figure 1). Theoretically, the rate of decline may be
related to the intrinsic, extrinsic and disease factors postulated above, such that unavoidable,
intrinsic loss is accelerated by extrinsic factors or age-related disease. The lifecourse perspective
proposes a disability threshold that is crossed soonest by those with the fastest rate of decline,
and not at all by those with the slowest; it has been applied to a variety of tissues, including

muscle (Aihie Sayer et al., 2008) and bone (Harvey et al., 2014).
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Older life

Adult life

Early life

Range between
individuals

Disability threshol

Functional capacity

Age

Figure 1 The lifecourse perspective on functional capacity

(Source, author’s adaptation of Stein and Moritz, 1999 p4)

The strength of the model is that it combines insights from gerontology on social and cultural
processes and social structures (Cox et al., 2014) with the functional perspective from biology,
emphasising the opportunity to modify a range of influences on the model at multiple points:
first, by promoting growth in early life to maximise the peak attained in adulthood; secondly, by
actively maintaining peak capacity, thirdly, by minimising the rate of loss due to extrinsic factors
in later life and finally by promoting a supportive environment to modify the disability threshold

for older people.

According to the lifecourse model, a favourable trajectory exists that avoids major chronic disease
and cognitive or physical impairment (Franco et al., 2009). This has been called the Healthy
Ageing Phenotype (HAP). Whilst it is accepted that functional loss is definitive of ageing, on the
healthy ageing trajectory such loss is seen to be independent of disease or poor quality of life.
Only a small proportion of differences in ageing are thought to be determined genetically (Franco
et al., 2009; Cox et al., 2014); the remainder are due to the environment, lifestyle and an element
of chance, many of which are modifiable. The HAP has been proposed as a framework for ageing
research; first to understand the mechanisms that keep individuals on the favourable trajectory
and secondly to develop interventions to help people to return to it. Hospital care may facilitate
this: joint arthroplasty or cataract removal, for example, can allow older people to resume an

active lifestyle, thus preventing the decline associated with inactivity and improving quality of life.
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The HAP is forward looking: it recognises the need to limit risk factors and the continuing
importance of therapeutic medicine, healthcare and pharmacological intervention. However,
healthy ageing remains an aspiration. The current reality is that age-related disease is the norm;
most chronic diseases increase in prevalence with age (Marengoni et al., 2011) and senescence

without disease is atypical. The prevalence of common age-related conditions is discussed below.

2.23 Age-related conditions

Table 1 presents prevalence estimates for common chronic conditions derived from a number of
sources. In general, men are more vulnerable than women to vascular conditions such as
ischaemic heart disease and stroke, whilst women have higher rates of degenerative bone

conditions and mental health disorders.

Table 1 Percentage of men and women reporting various chronic conditions;

England, unless otherwise stated

Age

Condition 65-74 75+ All ages

Men Women Men Women Men Women
Ischaemic Heart Disease (2011)* 15.1 7.5 26.7 16.5 5.7 3.5
Stroke (2011)* 7.2 4.4 12.2 9.4 2.7 21
Hypertension (2012)* 59.1 55.8 64.2 75.5 30.9 26.8
Type 2 diabetes (2012)* 17.3 11.0 17.5 12.9 6.7 4.9
Osteoporosis (1990s, Europe)? 3.7 179%° 9.2¢° 339° - -
Osteoarthritis (2015, UK)3 35 44 42 49 23* 31*
Depression, age 265 (2005)* 22 28 - - - -
Bronchitis (2010)° 11 10 9 8 4t 5t
Cancer, all sites, age =65 (2008, UK)® 13.1 12.7 - - 2.7 3.8
Dementia (UK, 2014)’ 3.0* 3.1* 10.3* 11.7¢ 7.1*
Multimorbidity 22 diseases (2007, Scotland)® 64.9° 81.5° 201 26.2

Sources: 1. (NHS Digital, 2018); 2. (Kanis, 2007) ®vertebral fracture, ages 70 and 80 years are shown; 3. (Arthritis
Research UK, 2017) *ages 45-64; 4. (Craig and Mindell, 2007); 5. (Hall and Mindell, 2011) tages 216 ; 6. (Maddams et
al., 2009); 7. (Prince et al., 2014) *ages 70-74, 80-84 and 65+ are shown; 8. (Barnett et al., 2012) ages 65-84 and >85,
sexes combined; - data not available

However, individual disorders are only part of the challenge: a further consideration is that
disorders tend to occur together. This phenomenon is called co- or multi- morbidity; Table 1
shows that it is common - indeed normal - in later life. Multimorbidity occurs because many
chronic conditions share common underlying pathways and are lifestyle-, as well as age-,

dependent. For example, obesity is associated with insulin resistance and vascular inflammation
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which, through metabolic dysregulation, can result in cardiovascular disease, diabetes or cognitive
decline (Franco et al., 2009). Conditions are also interdependent: cardiovascular disease, for
example, causes the pH of circulating blood to fall, resulting in altered bone mineralisation and

increased risk of osteoporosis (Cox et al., 2014).

The prevalence figures for multimorbidity in Table 1 are from a cross-sectional study of 1.7m
people of all ages in Scotland, which defined multimorbidity as having 2 or more of 40 predefined
physical or mental diseases (Barnett et al., 2012). However, neither the definition nor the
prevalence of multimorbidity is clear cut. A 2011 systematic review (Marengoni et al., 2011)
distinguished three approaches to defining the condition: first, a simple count of concurrent
diseases; secondly, a summary index incorporating both number and severity of diseases present;
and finally, the simultaneous presence not only of disease, but also of symptoms and cognitive or
physical limitations. The review was complicated by different age structures in the studies it
included, as well as by variation in methods of ascertainment and threshold for classification of
disease. It was nevertheless able to conclude that, consistent with the Scottish data presented in
Table 1, the prevalence of multimorbidity in later life was between 55% and 98%, rose with age

and was higher in women and those from lower social classes.

Members of the British 1946 birth cohort belong to the baby boomer generation; multimorbidity
amongst them at age 60-64 (Pierce et al., 2012) was reported to be 39% in men and 38% in
women. This is consistent with the younger age at measurement than in the Scottish study, and
with the smaller base of conditions considered: only 15 were screened for in this study. The
reversal of the sex ratio compared to the findings of Barnett et al (2012) and Marengoni et al
(2011) may also result from the young age of the cohort. Because men have shorter average life
expectancy, they might be expected to develop multimorbidity sooner than women, with a
survival bias keeping those who do not die healthier than women who survive. Thus these figures
may represent an earlier stage in the development of multimorbidity, rather than better health of

this younger generation.

Population ageing means the number of people living with multiple chronic conditions is growing
rapidly. In England, it is expected to increase from 1.9m in 2008 to 2.9m by 2018 (lacobucci,
2017b). The consequences of multimorbidity include disability, poor quality of life and the
development of frailty. It leads to high healthcare utilisation, including polypharmacy (the
prescription of increased numbers of medications) and increased rates of hospitalisation

(Marengoni et al., 2011).

Section 2.2 has described a heavy burden of disease associated with biological ageing and shown

that it will be exacerbated by population ageing. Associations with use of healthcare, including

10
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hospitalisation have been noted. Reducing demand for hospital care depends in part on the
availability of alternative sources of care. A brief overview of the services which comprise the

English care system follows.

2.3 The care system

This section first, describes the services overseen by the Department of Health to provide health

and social care, and secondly, considers their financial costs, with particular reference to the NHS.

23.1 The structure of the system

Four sectors of the care system interact, under the aegis of the Department of Health, to provide
health and social care in England. The first two, primary and secondary care, are the responsibility
of the NHS. Primary care is provided by general practitioners, along with dentists, opticians and
pharmacists, who are based in the community and act as a first point of contact for NHS patients.
Such practitioners are expected to manage mild to moderate conditions themselves, but if more
specialised treatment, further investigation or emergency care is required, can refer patients to
another healthcare provider. Such secondary care usually means hospital services, which may be
provided on an outpatient basis or following admission. Patients may also self-refer to hospitals

for emergency care (NHS, 2013).

The remaining sectors of the care system: public health and social care; are provided by local
authorities rather than the NHS. The role of public health is to protect people against major health
risks, promote healthy lifestyles and improve the health of the local population. Public health
departments also provide immunisation and screening services. The final element is social care,
the aim of which is to maintain independence and promote wellbeing. Care for older people may
be provided in their own homes or may be residential (NHS, 2013); social care is the only sector of
the care system for which means-tested charges are levied on older people (NHS, 2013).
Alongside the state system a small private healthcare industry exists, largely funded by insurance
among working aged people (Commission on the Future of Health and Social Care in England,

2014).

Between hospital care and social care sits intermediate care; an initiative of the National Service
Framework for Older People (Department of Health, 2001). The aims of intermediate care include
the aversion of admission to hospital and support for timely discharge, though it has been argued
by some to represent a lower level of provision that effectively denies older people the clinical or
rehabilitation services they need (Evans and Tallis, 2001). NHS funded, bed-based intermediate

care is provided in a range of settings, including community hospitals, residential care homes and

11
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nursing homes (NHS Benchmarking Network, 2014). Around two thirds of intermediate care beds
are outside hospital (NHS Benchmarking Network, 2014), thus not all NHS beds are hospital beds,

though hospital beds outnumber intermediate care beds by more than 10:1 (Ewbank et al., 2017).

2.3.2 The cost of care

The budget of the NHS for 2015/16 was £117.2bn (NHS Confederation, 2017). Commissioning
models introduced in 2012 make it difficult to differentiate spending by sector in recent years
(Addicott, 2014; Arnett, 2016); prior to the introduction of new models, primary care accounted
for about 25% of the total NHS budget and acute hospitals for 50%: 27.5% on emergency
admissions; 17.5% on elective and maternity admissions, and 5% on outpatients (Mayden, 2011).
Local authority spending in 2015/16 amounted to £3.2bn on public health and £17bn on adult
social care (The King's Fund, 2017). Hospital care therefore accounts for the largest proportion of

the healthcare budget by far.

In the UK, the average annual cost to the NHS of a person aged 85 or more is six times that of a
16-44 year-old and four times that of a 45-64 year old (Grundy, 2003). This excess cost of older
people’s NHS services is due in part to their higher likelihood of hospital admission; it has been
reported that 65 percent of people admitted to hospital are aged over 65 although this age group
makes up only 17 percent of the population (Cornwell et al., 2012). The following section explores

hospital admissions among older people in more depth.

24 Hospital admissions among older people

Hospital admissions are enumerated by the Hospital Episode Statistics (HES) service. This section
describes HES data and the pattern of overall admissions that they show. It then defines the
different types of admission which form the basis of this investigation: elective admission,
emergency admission and readmission within 30 days. Characteristics of each admission type are
examined in turn, and then compared to show that patterns of hospital use differ by age. The
section concludes by distinguishing individual level admissions from those at the population level,

and briefly examining the effect of admission on older people.

24.1 Hospital Episode Statistics

Administrative data on acute hospital activity in England are routinely collected by the Hospital
Episode Statistics (HES) Service (NHS Digital, 2017c). The primary purpose of the data is to allow
remuneration of hospitals for the treatments they provide. In addition, HES data are used by NHS,

government and research organisations to monitor trends, inform choice, support service

12
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planning and develop and evaluate policy (NHS Digital, 2017c). The provision of epidemiological

data is not an explicitly stated aim of the service.

Each HES record describes one hospital episode, which is a period of care of one patient under
one consultant. The information contained includes demographic data about the patient (date of
birth, sex, postcode), administrative information about the episode (how admitted and where
from; where discharged to; dates of both) and clinical information about the diagnoses reached
and clinical procedures carried out. A patient may have two or more episodes consecutively, the
sum period between admission to the first and discharge from the last being referred to as a
‘spell’ or an ‘admission’ (NHS Digital, 2017d). To link episodes relating to the same patient, each
record contains an encrypted identifier, the PSEUDO_HESID, so that records may be combined to

generate whole admissions or longer-term patient histories (NHS Digital, 2017g).

Summary information from HES is published in annual ‘Admitted Patient Care Summary’ reports
that are available from the NHS Digital online catalogue (NHS Digital, 2017a). Other standard and
bespoke extracts are available via the Data Access Request Service subject to ethical and legal
conditions (NHS Digital, 2017f). At their most basic, HES are population-level data: they
enumerate episodes of care rather than people cared for. The range of uses and users of HES
makes for a variety of approaches to analysis and reporting. One could, for example, report
annual hospitalisation of a group of people in terms of a number of episodes accrued, a number
of admissions accrued, or a number of individuals among them who were hospitalised during the
year. Organisations notable for their analyses of HES data include the Nuffield Trust, the King’s
Fund, Dr Foster Intelligence and CHKS. The following sections draw on reports from those
organisations as well as on Admitted Patient Care Summary reports to describe patterns of

overall, elective, emergency and 30-day readmissions.

2.4.2 Overall admissions

The HES summary for 2013/14 reports 18.2m hospital episodes in England for the year, 8.1m in
men and 10.1m in women (giving crude rates of 305/1,000 men and 369/1,000 women, based on
mid-year population estimates (Office for National Statistics, 2014a)). These episode-level data

equate to a total of 15.5m admissions at all ages (NHS Digital, 2017e).

Patients aged 65 or above accounted for 7.3m episodes during 2013/14, 1.6m of which were for
patients aged 85 or above (NHS Digital, 2017e). Complex analyses show greater age effects than
can be seen in the raw data; for example, the widely quoted King’s Fund report cited in Section
2.3.2 finds that 65 per cent of people admitted to hospital are aged over 65 although they

represent only 17% of the population (Cornwell et al., 2012).

13
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The number of hospital admissions in England is reported by the Nuffield Trust to have increased
by 16% (from 12.6m to 14.6m) during the six years from 2006/7 to 2012/13 (Smith et al., 2014).
Figure 2 shows that the increase was concentrated in older people; percentage increase (finely
spotted) ranging from under 10% among those younger than 65 to around 25% at ages 65-84 and
over 40% in those older than 85. However, the absolute increase in numbers of admissions
(striped) accounted for by the oldest group was more modest than the percentage increase,

because the number of people of that age is smaller.

900
800
700
600
500
400
300
200
100

Percentage increase in admissions

o

Absolute increase in admissions (000s)

X
el

Age group

= Absolute increase 8l Percentage increase

Figure 2 Absolute and percentage increase in hospital admissions, by age group,

between 2006/7 and 2012/13 (Source, Smith et al., 2014)

An important measure of the cost and complexity of hospital admissions is length of stay; an
indicator of the level of resources consumed (Martin and Smith, 1996). This is frequently
dichotomised between admissions treated as day cases, which begin and end on the same day,
and those requiring longer stays. Older people are less likely than younger people to be admitted
as day cases (Health and Social Care Information Centre, 2014a), and their average length of stay

is therefore greater.

243 Admissions by type

Published summary figures divide hospital admissions into discrete categories according to
method of admission: elective, emergency and ‘other’. The ‘other’ category is dominated by

maternity cases and will be considered no further here. Elective and emergency admissions have

14



Chapter 2: Ageing and healthcare

distinct characteristics, as has the third admission type examined by this thesis; namely 30-day
readmission. The selected admission types are described in turn by Sections 2.4.3.1-2.4.3.3, with
reference to their general description, the administrative burden they impose on the NHS, and

their trends.

2.4.3.1 Characteristics of elective admissions

General description: elective admissions are those which are planned in advance (NHS Digital,
2017b). They are usually preceded by a referral from primary care and evaluation at an outpatient
appointment, after which the patient attends on a specified day for investigation or treatment.
They are the standard route for many common tests and operations including endoscopy,
cataract removal and joint replacement (Maguire et al., 2016). Of the 15.5m admissions recorded

in 2013/14 (NHS Digital, 2017e), 8.0m (51.8%) were elective.

Administrative burden: the published cost of a day case for 2011/12 was £682, compared with
£3,215 for an elective overnight stay (Department of Health, 2012c). 78% of elective admissions
were treated as day cases in 2011/12 (NHS Digital, 2017a), therefore the average cost of an
elective admission of any length was £1,239. All day cases are single episode admissions, meaning
that most elective admissions have low complexity. Advance planning means that elective

admissions are, by definition, predictable.
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Figure 3 Trends in elective admissions per 1,000 population, 1997/8-2012/13,
by age (Source, Wittenberg et al., 2015 pp42)

Trends: Figure 3 shows trends in elective admission by age for the 17 years from 1997/8 to

2014/15, reproduced from a report by the Centre of Health Service Economics and Organisation
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(CHSEO) (Wittenberg et al., 2015). Rates of admission were notably higher in the two oldest
groups (those aged 65-74 and 75 or above) than in younger people; analyses showed that

admission rates rose with age to 78 years and then fell.

24.3.2 Characteristics of emergency admissions

General description: emergency admissions are those that are unpredictable and at short notice
because of clinical need (NHS Digital, 2017b). Most are made via an accident and emergency
(A&E) department (Maguire et al., 2016), to which patients may self-refer or be directed by a
general practitioner or consultant outpatient clinic. Around 20% of such admissions are due to
worrying signs and symptoms that do not result in a clear diagnosis (Walsh et al., 2011). Summary
figures for 2013/14 report 5.4m emergency admissions in England, comprising 35.0% of all

admissions (NHS Digital, 2017e).

Administrative burden: the published cost of an emergency admission of any length of stay in
2011/12 was £1,436 (Department of Health, 2012c). The majority of emergency admissions result
in an overnight stay: just 28% were treated as day cases in 2009 (Jones, 2006b) and average
length of stay was 7.2 days in 2006/7 (National Audit Office, 2013). Overnight admissions may
result in several episodes as additional consultants are called upon, meaning that emergency
admissions may become quite complex and are, by definition, unpredictable and urgent. They

must therefore be prioritised over elective admissions and can disrupt elective care.
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Figure 4 Trends in emergency admissions per 1,000 population, 1997/8-2012/13,
by age (Source, Wittenberg et al., 2015 pp12)
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Trends: Figure 4 shows trends in emergency admission by age (Wittenberg et al., 2015). In this
case, it is only the oldest group (those aged 75 or above) that has notably elevated rates of

admission; analyses showed that the rise in admission rates with age had no upper cap.

Emergency admissions are sometimes known as acute admissions, although there is some
ambiguity to this term. It may, for example, be used to describe any admission to an acute
hospital trust (Information Services Division, 2018), or more specifically, to describe an emergency
admission via an A&E department or an Acute Medical Unit (Royal College of Physicians, 2007).

The term is not used in Hospital Episode Statistics and is avoided by this thesis.

2.4.3.3 Characteristics of readmissions

General description: following discharge, some patients are admitted to hospital again within a
short time: this is known as readmission. Such admissions may be by either elective or emergency
routes, thus there is an overlap with the previously described admission categories. The time
window that defines readmission is variable, but is most often one month (28, 30 or 31 days): 30
days is the working definition adopted by this thesis. The first admission of a pair is known as the
index admission and can itself be classified as elective or emergency. Analyses show that in about
50% of cases, the readmission is diagnosed differently to the preceding index admission
(Foundation Trust Network, 2011), suggesting it is for a different problem rather than a
continuation of the same one. The study of readmissions is complex: one needs to account for
two separate periods of hospitalisation, a variable time-window and a literature heavily (and not
always explicitly) skewed towards emergency, rather than any, readmissions. In addition, careful
scrutiny is required to determine what, if any, exclusions authors have applied to their analyses.
Approximately 10 percent of people aged 16-74 who were discharged from hospital during 2010-
11 were readmitted in an emergency within a month. At ages 75 and over, this figure rose to 15.3

percent (Department of Health, 2013). The percentage readmitted electively is less clear.

Administrative burden: readmissions place a heavy demand on healthcare resources; the cost of a
readmission is estimated to be at least £1,750-£1,900 (Robinson, 2010b; Foundation Trust
Network, 2011), and possibly considerably more (Billings et al., 2012). The cost of the original
‘index’ admission is accounted for separately. Unpredictability is high: in addition to the half that
are themselves emergencies, 70% follow an emergency index admission (Foundation Trust
Network, 2011). Elective cases among them differ from other elective admissions in that they are
typically part of a programme of care such as chemotherapy: even though they are planned and
predictable, they take priority over other elective cases if they cannot safely be deferred (NHS

Digital, 2017b).
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Figure 5 Standardised emergency readmission rate per 100 discharges excluding

day cases, by age (Source, author's presentation of Department of Health data)

Trends: Figure 5 shows trends in emergency readmission rates per 100 discharges by age, plotted
using published data (Department of Health, 2013), for comparability with figures 3 and 4. The
rates are considerably higher than is suggested above, because the denominator excludes day
cases. Once again those aged 75 or above have notably elevated rates of admission, although the

age bands are less discriminating in these data.

24.4 Comparison of admission types

Table 2 summarises the characteristics of overall and type-specific admissions that were
described by Sections 2.4.2 and 2.4.3; although not all the targeted information is readily
available. For each of cost, complexity and priority, a gradient is demonstrated across the
admission types from elective, through emergency to readmission that increases the

administrative burden of the admission type to the NHS.

Cost was shown to increase across the admission types, such that elective admission is the least
and readmission the most expensive category, after allowing for the cost differential between day
and overnight elective cases. As well as costing more per case, emergency admissions also
consume a greater proportion of the overall NHS budget than elective admissions (Section 2.3.2)

even though there are fewer of them.

Complexity, inferred from length of stay and/or number of episodes, also increased across the
admission types. Because elective admissions include a high proportion of day cases, most

comprise only one episode; emergency admissions have a lower proportion of day cases, last
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Characteristic

Admission type

All admissions Elective Emergency Readmission
Number of admissions n(%) 15.5m (100)* 8.0m (51.8)* 5.4m (35%)! 1.2m (8.3%)?
Number of episodes (all ages) 18.2m?
Number of episodes (age 265) 7.3m?
Administrative characteristics
Cost (per admission) £12783 £14363 £1750+%45
Complexity
Day cases (%) 41! High (78)* Low (28)° Very low (11.6 -21.7)7
Average length of stay (days) Mostly day cases 7.28 6.38 - 13.89/
Priority
Predictability® High Low Mixed
Urgency® Low High High
Epidemiological characteristics
Age and sex
Highest rates at age 65+10 75+10 75+
Sex most affected (all ages) F! F10 M
Trends (growth pa, all ages) ~2.6%"? 2.9%° 2.5%° 4.6%"

Sources: 1. NHS Digital (2017e) Admitted Patient Care, England 2013-14; 2. Foundation Trust Network (2011) The impact of non-payment for acute readmissions. London: NHS Confederation, Issue 211; 3.
Department of Health (2012c) Reference Costs 2011-12; 4. Robinson, P. (2010) Hospital readmissions and the 30 day threshold. CHKS; 5. Billings, J., Blunt, 1., Steventon, A., Georghiou, T., Lewis, G. and
Bardsley, M. (2012) Development of a predictive model to identify inpatients at risk of re-admission within 30 days of discharge (PARR-30). BMJ Open, 00, e001667; 6. Jones, R. (2006b) Zero day stay
‘emergency' admissions in Thames Valley; 7. Department of Health (2008) Emergency readmission rates. Further analysis; 8. National Audit Office (2013) Emergency admissions to hospital: managing the
demand. London: The Stationery Office, HC 739; 9. NHS Digital (2017b) HES data dictionary. Admitted patient care.; 10. Wittenberg, R., Redding, S., Nicodemo, C. and McCormick, B. (2015) Analysis of trends
in emergency and elective hospital admissions and hospital bed days: 1997/8 to 2014/15. Oxford: Centre for Health Service Economics and Organisation; 11. Health and Social Care Information Centre
(2013a) Hospital Episode Statistics, Emergency readmissions to hospital within 28 days of discharge - 2011/12; 12. Smith, P., McKeon, A., Blunt, |. and Edwards, N. (2014) NHS Hospitals under pressure:

trends in acute activity up to 2022. London: Nuffield Trust.
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longer on average and are more likely to accrue multiple episodes; whilst 30-day readmissions

have the smallest proportion of day cases and the longest length of stay.

Priority was inferred from predictability and urgency; factors that are important to the effective
management of NHS workloads. Elective admissions that are booked or called at short notice
from a waiting list are predictable and can be timed according to the availability of resources,
whereas emergency admissions are driven by clinical need that is difficult to anticipate.
Readmissions within 30 days of discharge may be of either type; but, as outlined in Section
2.4.3.3, elective cases among them tend to be clinically (as opposed to resource) driven and
cannot safely be deferred (NHS Digital, 2017b). Emergency admissions and readmissions are thus,

in general, of higher priority than elective admissions.

For ease, this thesis will consider the gradient across admission types to represent increasing
‘seriousness’ of admissions, though no clinical interpretation of this term is implied. Section 2.4.3
presented trends in admission by age for each of the selected admission types (Figures 3, 4 and
5), to show that older people have relatively more admissions of each type than younger people,
and that with advancing age, there is an increased tendency towards admissions being of the
more administratively demanding or ‘serious’ types. This is consistent with evidence that the
likelihood of an admission being an emergency rises with age from 30% of admissions at age 65-
74 through 42% at age 75-84 to 65% at ages 85 and above (Health and Social Care Information
Centre, 2014a), thus the ratio of elective to emergency admission is reversed in the oldest-old.
The likelihood of readmission following discharge also rises with age (Health and Social Care

Information Centre, 2013a).

Table 2 shows that average length of stay increases across the admission types. Therefore, since
older people have proportionately more serious admissions, they would be expected to have
longer hospital stays than younger people. There is also evidence that, for a given admission type,
length of stay is longer for older people than for those who are younger: for example, in 2006/7
length of stay during an emergency readmission was 6.38 days among those aged 16-74 and

13.89 days among people of 75 and over (Department of Health, 2008).

Sex ratios among those admitted also differ by age. For overall admissions, among patients of all
ages, women are more likely to be admitted to hospital than men. The same is true of emergency
admission; although CHSEO demonstrate that the higher overall rate of emergency admission
among women in 2014/15 (106.4/1000 compared to 100/1000 in men) was entirely due to an
excess among women aged 20-34: at all other ages the rate for men was higher (Wittenberg et

al., 2015). Among emergency readmissions as a percentage of discharges, men had rates around
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7% higher than women at all ages in 2011/12 (11.88% vs 11.08%)(Health and Social Care

Information Centre, 2013a).

Table 2 also shows recent trends in the percentage growth of overall and type-specific admissions
per annum. Several authors have pointed out that this growth in admissions is only partly
explained by population ageing (Smith et al., 2014). Other influences have been explored using
age, period, cohort (APC) models. Such models seek to differentiate independent effects of the
age of the subject at diagnosis (age), prevailing conditions at the time of diagnosis (period), and
the lifetime experiences of the generation to which the subject belongs (cohort) (Blanchard et al.,
1977). Applied to admissions, period effects are found to be responsible for the majority of recent
growth in elective admissions, which stands at 2.9% per annum (Wittenberg et al., 2015). Such
effects may act through improved technology, perhaps by making treatment that once required
an overnight stay available on a day case basis and thus increasing the capacity of the system. This
is consistent with the finding that increasing trends in elective admissions from 2006/07-2012/13
were due to rising numbers of day cases accompanied by a fall in the number of overnight

elective admissions (Smith et al., 2014).

Trends in emergency admissions generally show slightly slower growth than elective admissions
(2.5% pa) (Wittenberg et al., 2015), though some authors suggest the opposite is true (Robinson,
2010a). APC analyses show that period effects also dominate growth in emergency admissions,
though to a lesser extent than elective admissions (Wittenberg et al., 2015). This may be the
result of improved technology making treatments available to older and frailer patients than was
previously considered advisable, or to changes in the availability of care elsewhere in the system.
Projecting the APC trends for emergency admission into the future, the authors suggest that the
suppression of an upward age effect by a downward cohort effect, which allows period effects to
dominate, may last only until the end of this decade: thereafter, the size of the baby boomer
generation may mean age effects dominate and rates of emergency admission rise even more
rapidly (Wittenberg et al., 2014). Growth in readmissions has been more rapid than that in
elective or emergency admissions (4.6%pa); suggesting that perhaps age effects already play a

greater role here.

The information presented in this section is drawn from hospital episode statistics, or analyses
thereof. It is at the population level, enumerating episodes or admissions and calculating annual
rates across the population. These facts are useful to policy makers and service planners but do
not show whether an individual patient accounts for one admission or many; nor do they provide

any information about individuals who experience no admissions, other than their contribution to
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population denominators. The next section will briefly discuss individual level analyses of HES

data, and consider the burden of admission on older people.

2.45 The burden of admissions on individuals

Within HES, it is possible to link records by the pseudoHESID to create individual-level admission
histories that cover several years and so to demonstrate that hospitalisations are unevenly
distributed among older people. This technique has been used to explore increasing hospital use
towards the end of life (Dixon et al., 2004), and to study the impact of frequently admitted
patients on overall admissions. This latter study reported that 14% of patients had 4 or more
admissions over a 12 month period, and accounted for almost a third of all admissions (Williams
et al., 2005). HES data showed that these patients were more likely to be male than female, aged
over 65 years (with a peak at 75-79), and that their first hospitalisation during the period was
more likely to have been an emergency than an elective admission. Rates of hospitalization also
vary according to individual’s living arrangements, being higher for residents of nursing and
residential care homes than for those who are community-dwelling. Rates of emergency
admission per 100 population have been reported to be 18.9, 22.3 and 31.2 for the community,
nursing homes, and residential care homes respectively; the relative risk of admission for all
diagnoses among care home residents being 39% higher than among those who are community-

dwelling (Godden and Pollock, 2001).

Hospital admission is stressful. In addition to the symptoms of the presenting illness, it is
associated with disruption to sleep, dietary habits and other personal routines; and may cause
confusion, especially in older patients (Mclntyre, 2013). It has been suggested that the burden of
hospitalisation on older individuals is so great that admission should itself be considered a
disease, and that in the period immediately after discharge patients should be afforded a
diagnosis of ‘post-hospital syndrome’; a condition which increases the risk of readmission
(MclIntyre, 2013). A study carried out in Spain among 200 older people showed that the adverse
effects of emergency admission outweighed the effects of elective admission. Functional and
cognitive capabilities were assessed on admission to hospital, at discharge and 3 months later. In
multivariate analyses, those who had been admitted in an emergency had significantly greater
loss of instrumental activities of daily living (IADL) and cognitive test score at discharge than those
who were admitted electively; at three months, the association with IADL had disappeared, but
cognitive score remained significantly reduced (Merino Martin and Cruz-Jentoft, 2012). Repeated
admission is also stressful: a qualitative study carried out for Age UK elucidated feelings of
depression and frustration about being back in hospital among older readmitted patients (Lawrie

and Battye, 2012). Thus a gradient is apparent in burden to the individual, at least between
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elective and emergency admission, which mirrors gradient in ‘seriousness’ described in Section

244,

Section 2.4 has shown that demand for hospital admission has increased in recent years due in
part to population and individual ageing. Admissions vary by type in the burden they impose on
society and the individual; nevertheless, it is in the interests of both that policy measures be put
in place to avoid admissions. The next section discusses current policy approaches to the

avoidance of admission, and their impact.

2.5 Health policy

An important tenet of health policy is to reduce admissions to hospital and so reduce costs. One
justification for this demand-management approach, rather than for a continued expansion of the
hospital sector to meet the needs of an increasing number of unhealthy older people, comes from
the suggestion that some admissions among older people may be preventable (Blunt, 2013). An
additional consideration is Roemer’s law, which states that a hospital bed built is a hospital bed
filled; in other words that demand grows to meet supply, making continued expansion of services
unwise (Shain and Roemer, 1959). The concept of the avoidable admission is therefore central to

strategies to reduce admission. It is explored below, followed by an overview of current policy.

2.5.1 Avoidable admissions

An avoidable admission is one which could theoretically be averted by better care earlier in the
disease process (Care Quality Commission, 2013). The difficulty with the concept is that there is
no clear definition of an avoidable admission; nor of its opposite, an appropriate admission. There
appears simply to be an assumption that avoidable admissions occur with greater frequency
among some admission types than among others. For example, readmissions may be avoidable if
one accepts that the second admission reflects a shortcoming in the first; likewise, the fifth of
emergency admissions that go undiagnosed (Section 2.4.3.2), if the lack of diagnosis implies that
no significant morbidity was present. Even elective admission, though comparatively less

researched, has been suggested to include some avoidable cases (Sanderson and Dixon, 2000).

In the same way that some types of admission are thought more avoidable than others,
admissions for some diagnoses are believed more likely to be avoidable (Care Quality
Commission, 2013). Ambulatory care sensitive conditions (ACSCs), for example, are a group of
chronic diseases deemed to be manageable in the community, which are thought to give rise to
proportionately more avoidable admissions than other diseases. However, even the definition of

an ACSC is inconsistent (Sanderson and Dixon, 2000; Care Quality Commission, 2013).
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The potential to provide better care earlier in the disease process extends across the care system.
Public health departments, for example, could influence the initial development of disease and
public understanding of appropriate consulting behaviour. Primary care could ensure effective
treatment in the community, and when necessary, timely referral to elective services so that a
problem does not escalate to emergency admission. Social care could help people to manage the
effects of disease and, after a period of hospitalisation, provide services that allow a patient to
continue their recovery at home free from readmission. Policy initiatives to avert admissions

therefore affect the whole care system, not just the hospital sector.

2.5.2 Policy initiatives

In response to the increased demand for healthcare (Section 2.4), the NHS published a Five-Year
Forward View in 2014 (NHS, 2014) proposing greater integration across the sectors of the care
system with a greater focus on care in the community (Section 2.3.1). Forty-four Sustainability
and Transformation Plans (STPs) followed in October 2016, setting out how the balance of care
across the system would be changed at the local level and seeking to make avoidance of
admission a reality. There has been widespread doubt that the measures proposed will deliver a
reduction in admissions or in costs (Oliver, 2017), and a recent Nuffield Trust review found little
evidence for their efficacy to date (Imison et al., 2017). STPs were renamed Sustainability and

Transformation Partnerships in 2017.

Measures to reduce demand on hospitals are often particular to admission type. Typically, policies
target the part of the healthcare system from which the admission originates with penalties and
incentives, in the expectation that avoidance is possible. For example, hospitals are penalised for
readmission on the grounds that it could be avoided by better care during the index admission.
Specifically, since 2011/12 the Department of Health has applied a policy of non-reimbursement
for emergency readmissions within 30 days of discharge from an elective admission, alongside
locally negotiated thresholds for other readmissions. The specific aim was to achieve a 25%
reduction in readmission by preventing discharge until suitable aftercare was in place
(Department of Health, 2010). Similar policies have been applied since with some variation (Blunt
et al., 2015), though cancer patients are excluded (Foundation Trust Network, 2011). The impact
of this policy has been estimated at an annual reduction in hospital income of £790m (Foundation

Trust Network, 2011), although its success in reducing readmissions is less clear.

Similar penalties are imposed on hospitals for allowing excess emergency admissions, on the
grounds that A&E departments are responsible for them. In this case, the specific policy considers

emergency admissions above the 2008/9 level to be excessive, and reimburses hospitals at only
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30% of the usual tariff for them (NHS England, 2013). The remaining 70% of the tariff is invested
in the Better Care Fund, which aims to redeploy resources elsewhere in the healthcare system in
order to reduce emergency admissions by 15% by end of this decade (Wittenberg et al., 2014).
This disincentive to admit is counterbalanced by penalties for breaching a 4-hour waiting-time
target in A&E, which results in increased pressure to admit and is argued by some to contribute to

the upward trend in emergency admissions (Maguire et al., 2016).

Incentives aimed at the prevention of all admissions are targeted towards the primary care sector,
where since 2004, the Quality and Outcomes Framework (QOF), has provided GPs with financial
rewards for identifying and managing selected ACSCs, discouraging smoking and implementing
preventive measures, in the belief that reduced admission rates will follow. Around 25 individual
criteria, or ‘indicators’, are enumerated by QOF with minor variations from year to year (NHS
Employers, 2017). There is evidence that, against a backdrop of a 34% increase in rates of all-
cause emergency admission, rates specific to incentivised conditions fell by 10% between 1998/9
and 2010/11 (Harrison et al., 2014). Nevertheless, QOF single disease indicators have been
criticised for inadequately representing the needs of an increasing population of older people

with multiple complex problems (Roland and Guthrie, 2016).

Several interventions have been rolled out to support self-management in those with long term
conditions, including the Year of Care, the Expert Patient Programme and Personal Health
Budgets. Evaluation of pilot schemes suggests that although they benefit patients’ wellbeing, self-
efficacy, confidence and motivation, and should be welcomed for this alone, the evidence for an

impact on use of health services is less convincing (Molloy et al., 2016).

One strategy by which penalties for excess admissions might be avoided is to identify in advance
those few patients who are responsible for a disproportionate number of admissions (Section
2.4.5), in order to more effectively target preventive interventions such as those exemplified
above. Ambulatory care sensitive, or QOF incentivised conditions represent a broad-brush
approach to the identification of people at risk of admission; a more sophisticated method is the
development of predictive risk models (PRMs) using large, historic, routinely collected datasets to

observe patterns of admission (Lewis et al., 2011). These models are discussed in the next section.

2.5.3 Predictive risk models

PRMs vary in a number of ways. The first is the type of event they aim to predict, readmissions
and emergency admissions being the most common. Some models predict which patients will
experience more than one such event. Secondly, models differ in the dataset(s) they use, which

affects both the population considered at risk and the range of available predictor variables.
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Those that use only hospital data exclude non-admitted individuals from the population at risk
and use a limited range of predictors, typically prior service use and a measure of morbidity.
Meanwhile, models that add GP data extend the population within which cases are predicted and
have the potential to include socioeconomic and lifestyle measures among the predictive
variables. Thirdly, models vary in three important time parameters: the period of observed
retrospective data; the length of the prediction window; and whether the start of the window is

immediate or deferred (Lewis et al., 2011).

Once developed, predictive models require validation in a different, but equivalent cohort. The
discrimination, or accuracy, of the model is gauged by three metrics: the positive predictive value
(PPV), which measures the proportion of those identified by the model who experience the
outcome; the sensitivity, which measures the proportion of the population who experience the
outcome who are identified by the model; and the C statistic, which is a summary measure of

increasing performance of the model that ranges from 0 to 1 (Lewis et al., 2011).

The effect of adding additional datasets to a model to predict emergency admission was
investigated in a population of 1.8m in England (Billings et al., 2013). Initially, the model was
constructed using only inpatient data, then modified sequentially by adding accident and
emergency, then outpatient, then GP data, to create four discrete models. The C statistic rose
from 0.73 in the model using only inpatient data to 0.78 in the model incorporating all four
datasets, and the authors concluded that the addition of more detailed datasets led to moderate
improvement in the number of patients identified with little or no loss of PPV (Billings et al.,
2013). These findings contrast with a systematic review of models published in 2011 (Kansagara et
al., 2011): this identified 30 studies which collectively considered 26 unique models predicting
readmission. Six of the studies compared different models in the same population, of which only
two reported that functional and social variables improved model discrimination. Overall, the C
statistic of the 26 models was found to range from 0.55-0.83 (Kansagara et al., 2011). A recent
innovation in predictive modelling in the US has been the use of artificial neural networks to
model risk of readmission from electronic health records. Using machine-learning technology to
update the model in real time led to increased PPV over standard models; nevertheless, the
authors acknowledged the limitations inherent in their use of area level social data (Jamei et al.,

2017).

In general then, predictive models are limited by the data available to them, and have only
modest success in identifying those at risk of admission. Following predictive modelling,
preventive interventions are offered to people whose risk of admission is calculated to be high,

though evidence for the efficacy of such interventions is equally uncertain (Purdy et al., 2012).
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2.6 Conclusion

The UK has an ageing population in which life expectancy is increasing more quickly than healthy
life expectancy. This chapter has discussed the prevalence of common age-related conditions and
demonstrated an impact of population ageing on rising trends in hospital admissions. Three
important categories of hospitalisation, namely elective admission, emergency admission and
readmission within 30 days have been distinguished and older people have been shown to
experience higher rates than younger groups of each admission type. The types are shown to
differ in many ways; these differences are suggested collectively to represent a gradient of
‘seriousness’ that runs from elective, through emergency, to readmission; risk of more serious
admission types is shown to be particularly elevated amongst the oldest people. Nevertheless,
several authors have argued that population ageing explains only part of the overall increase in
admissions to date, and APC analyses suggest that the impact of age on rates of admission will

increase markedly from 2020/1, as the baby boomers grow older.

Hospitals are the most expensive element of the care system and managing demand for
admission is enshrined in Government policy; this will become ever more important from 2020/1.
Strategies that aim to deliver a reduction in admissions, such as PRMs or QOF, have limited
effectiveness, although this chapter has shown that in the case of PRMs, enrichment of hospital
data with GP records may improve performance by adding variables that go beyond individuals’
morbidity or recent admission history. It is credible that such influences might impact risk of
admission in view of the lifecourse model, which recognises the life-long role of extrinsic factors in
ageing. In addition, models that use only hospital data omit valuable information on potentially
preventive influences from people who have not been admitted to hospital: including GP records

in PRMs supplies this.

The implications are threefold. First, research on hospital admissions should focus on individual-
level, rather than population-level admissions, perhaps particularly on the few people who are
responsible for many admissions. Secondly, more and better information is needed about the
determinants of hospital admission if the NHS policy ambition to reduce demand on hospitals is to
be realised. Ultimately, all routinely collected health records are limited to data of administrative
or clinical relevance, thus additional information should be sought from bespoke research studies.
Finally, the differing characteristics of elective admission, emergency admission and readmission
suggest that risk factors for the three admission types may not be the same. The next chapter
develops this investigation by reviewing research evidence on risk factors for admission, generally

and then specific to elective admission, emergency admission and 30-day readmission.
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Chapter 3: Risk factors for hospital admission

The previous chapter concluded first, that research on hospital admissions should be at the
individual level; secondly, that more and better information is needed about risk factors for
hospital admission if the NHS policy ambition to avoid admissions is to be realised; and thirdly,
that risk factors for elective admission, emergency admission and readmission are not necessarily
the same. This chapter reviews existing literature on risk factors for admission. Section 3.1
provides a brief history of research on the determinants of admission and explains why better
evidence might be obtained by linking prospectively collected cohort data with routinely collected
data on admissions. The advantages and practice of data linkage are then explored. Section 3.2
reviews English and Scottish cohorts that have been linked to admissions data and examines
evidence they have produced. Some cohorts report admissions according to a threshold of
severity; however, this threshold differs from cohort to cohort, and only one cohort reports risk
factors for admissions below, as well as above, its threshold. Elective and emergency admission
comprise separate outcomes in only one paper; readmission is considered by none. Therefore, in
Section 3.3, papers investigating the determinants of elective admission, emergency admission
and 30-day readmission are reviewed with a wider remit on study type. Section 3.4 draws
together the risk factors identified and presents a conceptual framework that underpins the
thesis. Section 3.5 concludes the review by outlining the specific contribution of this thesis and

stating the research questions that are addressed.

3.1 Background

The Andersen Healthcare Utilization Model is a conceptual framework devised in the US in the
1960s (Andersen and Newman, 1973). It proposes that the uptake of healthcare is promoted or
limited by three broad influences: the healthcare system itself, which may act through
organisational or policy measures such as those exemplified in Section 2.5; society, which may act
through socially accepted norms such as the tendency to treat increasingly old people; and the
individual him or herself. Individual influences are further subdivided into three types:
predisposing characteristics, such as age, sex, marital status or education, that affect a person’s
propensity to use services; enabling characteristics, such as transport or (in the US) income or
insurance, that govern access to services; and need. This final category encompasses the type and
severity of iliness that the individual has, his or her recognition of it, and ultimately, clinical
confirmation of the need for care. Need factors are recognised by Andersen as having the most

direct effect on use of healthcare.
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The multiplicity of influences recognised by the Andersen model has three implications for this
review. First, because the effects of system and society may differ between countries, the review
will focus initially on the UK. Secondly, because publicly funded healthcare within the UK may
blunt the effects of system and society, the review will focus on risk factors relating to the
individual. Thirdly, because the range of individual factors proposed by Andersen is so broad, the
review will seek to identify studies that have adopted multifactorial designs to investigate the

relative, as well as the absolute effect of the risk factors that they identify.

The Andersen Model has been widely used in psychology and gerontology: the original article has
over 1500 citations listed on Web of Science. One citing paper, which applied the model to the
cross-sectional analysis of data from the US Longitudinal Study on Aging (Wolinsky and Johnson,
1991), has been recognised as one of gerontology’s most influential papers (Ferraro and Schafer,
2008). Based on self-reported data, this paper included explanatory variables representative of all
the Andersen criteria to explore nine measures of healthcare utilisation, two of which related to
hospitals. In line with Andersen’s assertion, need characteristics, which included self-rated health

and markers of physical and cognitive function, were seen to drive demand.

Although the Andersen model has been used extensively, it has been criticised for its US
dominance and thus limited external validity. Applications have been found to lack sufficiently
interrogative statistical methods such as multivariate analyses (Babitsch et al., 2012), or
methodological differentiation between mediation and moderation (von Lengerke et al., 2014),
and thus to be unable to identify the relative importance of risk factors identified or a causal
pathway between them. Only ten of the papers citing the Andersen Model were published in
specialist epidemiology journals. This may be symptomatic of a lack of epidemiological attention

to the determinants of service use that has been noted previously:

‘Epidemiology is the ‘study of the distribution and determinants of health-related
states and events in populations’. However, within epidemiology, more is known
about the aetiology of disease than is understood about some of the determinants of

health service utilization’ (Hanlon et al., 2007 pp 405).

It is a regrettable omission, not least because epidemiological resources and methodology could
make a positive contribution in this area. This thesis adopts an interdisciplinary approach to

investigate the determinants of hospital admission using epidemiological methods.

Whilst evidence hierarchies may be maligned, few doubt that epidemiological questions relating
to ‘real world’ risk factors are best answered by prospective cohort studies that can identify

multiple risk factors over time (Petticrew and Roberts, 2003). In a cohort study, a group of people
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are followed over time, and incidence rates of disease (the ‘outcome’) are compared in those who
do, and do not, have a particular characteristic or ‘exposure’ at the outset (Ward et al., 2012). A
cohort study is described as ‘prospective’ if characterisation of exposures at baseline is followed
by a period during which the development of the outcome of interest is monitored. If the
outcome develops too slowly for this to be practical, a retrospective design may be used, in which
the cohort is identified and the exposure characterised from pre-existing records (Coggon et al.,
2003). A cohort study is a type of longitudinal study in which participants are selected according
to a particular criterion, for example, their birth date or occupational group. In other longitudinal

studies, participants may be selected randomly from the population (Ward et al., 2012).

The UK is home to a number of large national and local cohort studies in which a wide range of
exposure variables has been measured in successive waves. These studies are largely conducted
at the public expense and enjoy a high level of public support: it has been calculated that 1 in 30
people are members of a cohort study (Pell et al., 2014). Such inclusivity means that findings from

cohort studies are more generalisable to whole populations than are other research findings.

An MRC Strategic Review of the largest UK population cohort studies recommended that the
scientific and interdisciplinary potential of cohorts should be enhanced through linkage to routine
health records and administrative datasets (Medical Research Council, 2014). Linkage has also
been advocated for by the Public Health Research Data Forum (Wellcome Trust, 2015), though
their report acknowledges significant statistical, technical, operational and institutional
challenges. This is regrettable: the UK is one of few countries to have both excellent cohort
resources and a publicly funded healthcare system that generates records of almost all
hospitalisations. In England, these records are produced by the Hospital Episode Statistics (HES)
service (Section 2.4.1); sources vary in the other home nations. Linkage of cohort and admission
data would offer a rare opportunity to explore the determinants of hospital admission. Records of
admissions of cohort members could be collated at the individual level (Section 2.4.5) and
compared with exposures to potential risk factors using data collected earlier in the lifecourse;
analyses could relate to admissions in general or, in order to explore potential differences in risk
factors between admission types, to elective admission, emergency admission and 30-day
readmission. In addition to such investigations of the determinants of admission, linkage would
have the potential to provide evidence on the distribution of admissions to supplement that

examined in Sections 2.4.2 and 2.4.3.

The next section presents a review of the extent of linkage between cohort and admissions data

in the UK, and explores the evidence that linkage has produced.
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3.2 Cohort linkage

A total of seven major UK cohort studies have published significant bodies of work resulting from
the linkage of prospectively collected study data with routine admissions data (ADLS
Administrative Data Liaison Service, 2017b). In one, the Millennium Cohort Study, the admissions
data are obstetric records relating to cohort mothers, and this cohort will be considered no
further. The six remaining cohort studies have linked data from hospital admissions in mid-late life

and are outlined below.

3.2.1 The European Prospective Investigation of Cancer (EPIC)

The European Prospective Investigation of Cancer is a collaborative cohort based in 23 centres
across 10 European countries. Two are in England: EPIC Norfolk and EPIC Oxford; both have linked

admissions data.
EPIC Norfolk

EPIC Norfolk is run by the University of Cambridge and is restricted to residents of Norfolk. It
comprises 25,000 men and women recruited in the 1990s at age 40-79, with linked data on
hospitalisations ascertained from a local database rather than through hospital episode statistics
(Sinha et al., 2008). A recently published paper examined admissions experienced by cohort
members between 1999 to 2009 (Luben et al., 2016), during which time, 72.7% of the cohort had
at least one admission. Logistic modelling was used to examine the independent relationships
between high hospital use (defined as having seven or more admissions during the follow-up
period) and six potential predictor variables: age, male sex, having no educational qualifications,
manual social class, current smoking and obesity (BMI>30). Significant associations (p<0.0001)
were seen with all six predictors. A risk factor score constructed using all the variables except age
demonstrated two- to three-fold differences in risk of admission between people with high and
low numbers of risk factors. However, the likelihood of admission was high even among those
with low risk factor scores: over half of women who were aged less than 55 at baseline and who

had no defined risk factors were admitted during the follow-up period.

Apart from this publication, admissions data in EPIC Norfolk have been used only to ascertain
specific diseases as outcomes: for example, a series of papers investigated HES-listed incident
stroke in relation to baseline fish consumption (Myint et al., 2006b), physical function (Myint et
al., 2007b), HbA1C (Myint et al., 2007a), plasma vitamin C (Myint et al., 2008) and physical activity

(Myint et al., 2006a). Disease-specific outcomes will be considered no further.
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EPIC Oxford

EPIC Oxford, which is UK wide, is run by the University of Oxford and linked to HES data.
Recruitment of the cohort, which is 50 percent vegetarian, ran from 1993-9 (University of Oxford,
2015a). HES linkage has been used to study the effect of diet on risk of admission or death specific
to diverticular disease (Crowe et al., 2011), cataracts (Appleby et al., 2011), ischaemic heart
disease (Crowe et al., 2013), kidney stones (Turney et al., 2014) and gallstones (McConnell et al.,

2017), but there has been no wider investigation into hospital admissions.

3.2.2 The Million Women Study

The Million Women Study is a prospective cohort run by the University of Oxford (University of
Oxford, 2015b). Women aged fifty and over were recruited from routine breast screening clinics
between 1996-9 with the initial aim of investigating risk factors for breast cancer. Participants are
followed-up through HES data as well as through cancer notifications and death registration. The
study website lists over 120 publications, around 25% of which derived outcome data from the
linked hospital records. Outcomes considered were almost always cause-specific, and the papers
address a wide range of conditions. Two papers have investigated overall admissions, reporting
first, that during an average 9.2 years’ follow-up, 1.25m women collectively experienced 2.83m
hospital admissions; 61.7% of the cohort had at least one incident admission (Reeves et al., 2014).
Comparing baseline body mass index with these admission data showed a significant increase in
both admission rate and length of stay with increasing BMI; the authors conclude that around 1 in
8 hospital admissions was attributable to overweight or obesity. Cause-specific analyses showed
particularly marked associations between increased BMI and risk of admission for diabetes, knee-
replacement, gallbladder disease, venous thromboembolism, cataracts, carpal tunnel syndrome
and diverticulitis. Admission type was not differentiated. A subsequent paper showed that the
increase in admissions associated with BMI translated into higher hospital costs for women with

excess body weight (Kent et al., 2017).

3.23 The Whitehall 1l Study

The Whitehall Il Study is a prospective cohort run by University College London (University College
London, 2018). 10,308 participants (2/3 men) were recruited from the civil service in 1985, when
they were aged 35-55, with the aim of investigating social inequalities in health. Since then, they
have been followed-up through self-completion questionnaires and clinical data, including

Hospital Episode Statistics.
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As in the Million Women Study, HES data have been used to define cause-specific outcomes,
including dementia (Sabia et al., 2017), CVD (Kivimaki et al., 2011; Brunner et al., 2014; Hinnouho
et al., 2015) and Type 2 diabetes (Hinnouho et al., 2015). They have also contributed to a
classification of ageing phenotypes (Akbaraly et al., 2013a; Akbaraly et al., 2013b). Just one paper
has exploited the potential of cohort data to predict hospitalisation, although the aim of this
study was actually to validate the individual components of the Fried frailty score (Fried et al.,
2001). In doing so, the authors showed that each of exhaustion, low physical activity, slow walking
speed, low grip strength and recent weight loss was independently associated with admission (of

unspecified sort) over a 28 month follow-up period (Bouillon et al., 2013).

3.24 The Midspan Studies

The Midspan Studies are three Scottish cohorts originally screened in middle age in the 1960s and
70s, along with a fourth comprising their offspring (Hart et al., 2005). Three of them: the Renfrew-
Paisley Cohort (a general population cohort); the Family Cohort (the offspring of married couples
from the Renfrew-Paisley Cohort); and the Collaborative Cohort (an occupational cohort); are
linked to hospital records via the SMR1 and SMR4: admissions records from NHS Scotland that are

broadly equivalent to HES data.
The Renfrew-Paisley Cohort

The Renfrew-Paisley Cohort comprises around 15,000 men and women recruited at age 45-64
during the early 1970s. During the subsequent 23 years, 79% of the cohort experienced at least
one acute admission and 5% experienced a mental health admission (Hanlon et al., 1998). This
early paper classified admissions as any or serious (above the 75" percentile for length of stay),
and derived a multifactorial predictor panel of prospectively measured biological, behavioural and
social variables. Associations were assessed using Cox Proportional Hazards regression models.
Following mutual adjustment, risk of any acute admission was predicted by age, sex, FEV1 (a
measure of respiratory function), smoking status, blood sugar, blood pressure, deprivation
category and cholesterol level. The same variables, and body mass index, predicted serious acute
admission with greater strength of association (Hanlon et al., 1998). Further analyses of these
data investigated the same risk factors in relation to the rising trend in hospitalisations over the
follow-up period (Hanlon et al., 2000a) and to specific diagnostic categories (Hanlon et al., 2000b;

Hart et al., 2000).

A later study in the Renfrew-Paisley Cohort used an extended period of follow-up to examine the
role of obesity as a risk factor for any admission. As in the Million Women Study, rates of

admission were increased at higher BMls; in this case rates were also elevated among women
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defined as underweight, resulting in a J-shaped curve. In men, admission rates increased with BMI
without elevation in the underweight category (Hart et al., 2007). In contrast to these findings for
any admission, major psychiatric admissions were found to be associated with lower, rather than

higher, BMI (Lawlor et al., 2007).

The only known analysis of linked cohort data to consider elective and emergency admissions as
separate outcomes also derives from this cohort. A single predictor, occupational social class, was
compared with overall admissions, elective admissions and emergency admissions, with
adjustment for other baseline variables (McCartney et al., 2013). When analysed together, overall
admissions showed no patterning by social class. However, separate analyses revealed contrasting
trends in elective and emergency admissions, such that emergency admission was more common
among those of lower social class and elective admission more common among those of higher
social class. There were no obvious sex differences. Social gradients were also observed among
cause-specific admissions, lower social class being associated with higher risk of admission due to
cardiovascular disease, coronary heart disease, stroke, respiratory disease and mental health
conditions in one or both sexes. After adjustment for other baseline variables, only the gradient in

mental health conditions, including dementia in men and women, remained.

A later study considered occupational social class as a predictor of admission among women after
their 80" birthday; men were excluded from this analysis as there were too few survivors (Hart et
al., 2015). As before, social class was unrelated to overall admissions. Surprisingly, given the
previous findings, no separate analyses were carried out for elective or emergency admissions
and the authors do not cite their earlier paper. The increased ratio of emergency to elective
admissions at later ages described in Section 2.4.4 might suggest that if the previously observed
social gradient in emergency admission remained after the age of 80, it would be more likely to be
reflected in overall admissions at advanced ages, but it was not. Social gradients in cause-specific
admissions were similar to those previously reported, CHD, stroke and mental health admissions
being more common among lower social classes. In this case, cancers were more common among
higher social classes. Hospital data from the Renfrew-Paisley Cohort have also been used to define
‘healthy’ and ‘unhealthy’ ageing, in order to investigate the relationship of ageing with

deprivation (Gilhooly et al., 2007a; Gilhooly et al., 2007b).
The Collaborative Cohort

The Collaborative Cohort comprises around 6,000 men and 1,000 women recruited from 27
workplaces in central Scotland during the early 1970s and followed-up for over 25 years through
admissions data (Hart et al., 2005). HES data have been used to ascertain risk of cause-specific

outcomes in relation to job instability (Metcalfe et al., 2001) and stress (Metcalfe et al., 2003;
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Metcalfe et al., 2005). No wider analysis of the influence of work on hospital admission has been

reported.

Later output from the cohort has focused on the effects of alcohol consumption among men,
showing a graded effect of number of units consumed per week on mortality and selected causes
of hospital admission (Hart and Smith, 2008). An analysis that considered overall and mental
health admissions as outcomes concluded that drinking 22 or more units per week was associated
with increased risk of both. For mental health admission, but not for overall admission, there was
a J-shaped relationship, non-drinkers having higher rates than light or moderate drinkers (Hart

and Smith, 2009).

The Family Cohort

The Family Cohort comprises 2,300 offspring of the Renfrew-Paisley Cohort, recruited in 1998 at
age 30-59 and followed-up through admissions data. These data appear to have been used only to
ascertain cause-specific outcomes, for example cardiovascular disease, which was investigated in

relation to baseline vitamin D deficiency (Welsh et al., 2012).

Scottish Health Survey

An extension of the methods used in the Midspan studies has been applied, by the same authors,
to data from the Scottish Health Survey (SHS). This is not a cohort study, nor is it one of the
Midspan studies per se; rather it is an episodic series of cross-sectional surveys modelled on the
annual Health Survey for England. Many modules are identical, allowing comparison between the
countries (Scottish Executive, 2005). Both surveys seek consent to data linkage from their
respondents. In Scotland, survey records are linked retrospectively to hospital admissions since

1981; in England, negotiations are ongoing (ADLS Administrative Data Liaison Service, 2017a).

The resource created has allowed researchers from the Midspan cohorts to repeat the
investigation from the Renfrew-Paisley Cohort in a wider national population cohort (aged 16-74),
namely the 1998 SHS respondents (Hanlon et al., 2007). Using similar methodology, behavioural,
biological and social risk factors were compared with hospitalisation during a 7.5-year follow-up
period. Admissions were defined as serious if above average cost, and in this case only serious
admissions were reported. The analyses differed from those in the earlier Renfrew-Paisley study
in that each risk factor was assessed independently, with adjustment only for age and sex. More
variables therefore achieved significance; hazard ratios were used to assess which had the most
important effects. The authors highlight smoking, body mass index and FEV1 as influential risk
factors, replicating the results from Renfrew-Paisley. They also note large effects on risk

associated with self-rated health, longstanding illness and previous admission that had not been
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demonstrated previously. Markers of poverty or lower social position were typically associated
with a smaller increase in risk of admission, for example, poorer educational achievement, lower
social class, not owning a car, renting rather than owning a home or being unemployed were
associated with increased risk of between 20 and 40%. Alcohol consumption, physical activity and

diet also had small but significant effects on risk of admission.

Other papers using the linked SHS hospital statistics data have related specific disease outcomes
to individual risk factors, for instance: admissions for alcohol related disease have been compared
with alcohol consumption (McDonald et al., 2009); and those for cardiovascular disease with

physical activity (Stamatakis et al., 2009) and adiposity (Hotchkiss et al., 2013).

3.2.5 UK Biobank

UK Biobank is a relatively new study which recruited 500,000 people aged 40 to 69 years between
2006 and 2010. Although it is a longitudinal study rather than a cohort, having obtained consent
from each participant for access to HES data, it will develop into a valuable resource with time. As

yet, only cause-specific outcomes have been considered (UK Biobank, 2016).

3.2.6 Overview of evidence from cohort linkage

Sections 3.2.1-3.2.3 described six cohorts with linked admissions data for people in mid-late life:
EPIC Norfolk and EPIC Oxford; the Million Women Study; and three MIDSPAN cohorts - Renfrew-
Paisley, Collaborative and Family. In addition, two non-cohort studies with relevant linked data
were highlighted; the Scottish Health Survey and UK Biobank. Most research that has used these
data has done so only to ascertain specific disease outcomes. Few papers either report the

incidence of all-cause admissions or investigate risk factors for them.

Incidence of all-cause admissions

Three cohorts have reported evidence on the incidence of all-cause admission: EPIC Norfolk
(72.7%); Million Women (61.7%); and Renfrew-Paisley (79.0%). These figures relate to different
lengths of follow-up (10, 9 and 23 years respectively); during different periods (1999-09, 1997-
2008 and 1972-95); from different baseline ages (40-79, 50-64 and 45-64 years); and with
different sex ratios (55, 100 and 54% women). They are therefore not comparable; they do

however demonstrate a consistently high demand for hospital care in later life.
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Risk factors for all-cause admissions

Table 3 presents a summary of risk factors for admission identified by the studies discussed. The
symbols denote observed associations between the variables listed and broad classes of
admission that were considered across the cohort studies (white triangle for any admission; black
triangle for serious admission (defined by frequency in EPIC Norfolk, length in Renfrew-Paisley,
and cost in SHS); and grey diamond for emergency admission; the absence of a marker implies
that no association was demonstrated, either because analysis showed no relationship or because

no analysis was attempted).

Consistent with the national experience (Section 2.4.2), higher age and male sex were identified
as risk factors for admission in two cohorts (Hanlon et al., 1998; Luben et al., 2016). Other studies
adjusted their analyses for these variables. Four cohorts provided evidence that higher body mass
index was associated with increased risk of hospitalisation, though collectively their findings
suggest that risk from BMI may be attenuated in the presence of other risk factors, or may be
limited to more serious categories of admission. Two analyses that considered BMI alone (Hart et
al., 2007; Reeves et al., 2014) found higher values to be associated with increased risk of any
admission. Conversely, mutually adjusted multifactorial analyses found BMI to be associated with
serious admission, but not with any admission (Hanlon et al., 1998). Two further studies that
reported only relatively more serious admissions similarly found associations with increased BMI
(Hanlon et al., 2007; Luben et al., 2016). In contrast to this general increase in risk with BMI,
major psychiatric admissions were shown to be associated with lower, rather than higher BMI
(Lawlor et al., 2007); there was also a suggestion of a sex-specific increase in risk of admission

among underweight women (Hart et al., 2007).

Three lifestyle behaviours were identified as risk factors for admission (Table 3): smoking, alcohol
intake and physical activity. Of these, only smoking was consistently associated with risk of overall
and serious admission across the cohorts, whether considered among mutually adjusted
multifactorial models (Hanlon et al., 1998; Luben et al., 2016) or alone (Hanlon et al., 2007).
Evidence on the effect of alcohol intake on risk of admission comes from just two studies and is
less convincing. In the Midspan Collaborative study, risk of any admission was raised in men who
drank 22 units or more per week with no apparent gradient below this level (Hart and Smith,
2009); in the Scottish Health Survey, the effect of alcohol was limited to ex drinkers, suggesting
that their past, rather than their present behaviour underlay their increased risk of serious
admission (Hanlon et al., 2007). Physical activity was investigated only in the Scottish Health
Survey, where men and women who achieved recommended levels of physical activity were at

21% lower risk of admission than those who did not; meanwhile, those who achieved target levels
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of fruit and vegetable intake had a 15% reduction in risk of serious admission (Hanlon et al.,

2007).

Table 3 Summary of risk factors for all-cause admission ascertained from UK cohort studies

(Source, author’s analysis of research across UK cohort studies)
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Five markers of social circumstances were identified as risk factors for admission (Table 3):
deprivation, education, social class, housing tenure and car ownership. Deprivation, measured by
the Carstairs Index (Carstairs and Morris, 1990), was associated with any acute admission and

(more strongly) with serious acute admission in mutually adjusted multifactorial models in
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Renfrew-Paisley (Hanlon et al., 1998); analyses in the Scottish Health Survey confirmed a strong
gradient in risk of serious admission across quintiles of the Carstairs score (Hanlon et al., 2007).
For other markers of social circumstances (some of which are replicated in the Carstairs index),

risk was limited to more serious categories of admission.

Few markers of morbidity were assessed as risk factors for admission (Table 3), in spite of
Andersen’s recognition of need as the most important determinant of the utilisation of healthcare
(Andersen and Newman, 1973). This may reflect a lack of baseline measurements in many of the
cohorts identified. The measures reported suggest that lung function (ascertained by FEV1),
cardiovascular disease (ascertained by blood pressure and levels of C-reactive protein and
cholesterol), type 2 diabetes (ascertained by blood sugar) and frailty act as risk factors for any or
serious admission (Hanlon et al., 1998; Bouillon et al., 2013). In addition to these specific markers
of disease, the Scottish Health Survey reported a range of markers of general health. These
included self-rated health, the metric from which health expectancy is calculated (Section 2.1.2),
which showed a clear gradient in risk of serious admission, such that those whose rating was ‘very
bad’ were 5 times more likely to have a serious admission than those whose rating was ‘very
good’. Previous hospitalisation might also be interpreted as a measure of morbidity; a four-fold
increase in risk of subsequent serious admission was seen between those who had four or more
admissions during the previous 5 years and those who had none in the Scottish Health Survey
(Hanlon et al., 2007).Together, the six cohort studies, augmented by evidence from the Scottish
Health Survey, suggest that individual risk factors for hospitalisation derive from a person’s
demography, anthropometry, lifestyle, social circumstances and morbidity. In addition to the
diversity of risk factors identified across the cohorts, evidence from EPIC Norfolk showed that, at
the individual level, likelihood of admission accumulates according to the numbers of risk factors
an individual has, but that even among those with no risk factors, admissions are common (Luben

et al., 2016).

Quality of evidence on risk factors

As suggested above, caveats apply to the interpretation of information collated from several
sources as in Table 3, due to differing study designs and analysis strategies. Studies that examine
the effect of a single predictor variable, such as BMI in the Million Women Study, or alcohol intake
in the Collaborative Study, provide no information on the relative effect of different variables.
Those that present a series of analyses adjusted only for age and sex, such as the Scottish Health
Survey, do consider relationships between the variables. Of the cohorts identified, only EPIC
Norfolk (Luben et al., 2016) and Renfrew-Paisley (Hanlon et al., 1998) present mutually adjusted

multifactorial analyses.
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This sort of multifactorial study design, with appropriate mutually adjusted analyses, might be
considered a ‘gold-standard’ in the identification and differentiation of risk factors for hospital
admission. Another example, recently reported from the Swedish Adoption/Twin Study of Aging,
investigated factors associated with hospitalisation risk among 772 community living men and
women aged 46-103 in Sweden (Hallgren et al., 2016b). In this case a multifactorial predictor
panel comprising markers of physical and psychological health, personality, socioeconomics and
lifestyle was derived from a baseline postal questionnaire, and compared with overnight
admissions experienced during 9 years’ follow-up. Time to first overnight admission was analysed
using Cox Proportional Hazards models; first in univariate models to identify significant risk
factors, then in multivariate models that included all variables that achieved significance at the
first stage. Factors associated with increased risk of admission were older age, male sex and
having more support from relatives. Reduced risk of admission was related to being unmarried or
widowed and having more support from friends. Interestingly, and apparently in contradiction of
both UK evidence and Andersen’s assertion, neither number of illnesses nor self-rated health
were significant in the final model. A companion paper studying risk factors for hospitalisation
among nursing home residents reported that in this frailer population, polypharmacy and
multimorbidity were influential, along with history of falls and malnutrition (Hallgren et al.,
2016a). Thus the elevated rates of admission among nursing home residents that were discussed
in Section 2.4.5 appear to be associated with a different profile of risk factors from those seen

among the community dwelling.

Type-specific evidence

Comparison across cohorts is also complicated by differing outcomes, some choosing to report
overall admissions, whilst others differentiate according to a measure of severity such as
frequency, length, cost, or in the Swedish example above, by limiting the analysis to admissions
involving an overnight stay. Only the Renfrew-Paisley study compared any and serious admission
as outcomes against the same, mutually adjusted predictor panel, finding that whilst risk factors
for each were similar, their associations with serious admissions were stronger (Hanlon et al.,
1998); it was also the only cohort to report elective and emergency admissions as separate
outcomes, in just one analysis that considered the role of social class as predictor (McCartney et
al., 2013). The analysis revealed opposing trends in emergency and elective admission that were
obscured by considering all admissions together. This fact, along with the differences between
types of admission demonstrated in Section 2.4.4, provides a strong indication that emergency
and elective admissions may have different drivers and justifies further investigation of risk
factors specific to each. Since major UK cohorts can provide no further evidence specific to

admission type, wider sources are consulted in the following section.
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3.3 Risk factors specific to admission type

This section reviews evidence on the determinants of hospitalisation specific to elective
admission, emergency admission and readmission. Like Section 3.2, it is limited to individual,
rather than societal or systemic risk factors and omits studies whose outcomes were cause-
specific admissions. To match the assessments of population-wide risk afforded by the UK
cohorts, it also omits studies whose sampling was by specific pre-existing disease. In order to
investigate the predictors of elective, emergency and 30-day readmission types as outcomes, the
remit of this review is widened beyond that of Section 3.2, to include first, international studies

and secondly, those from across the hierarchy of epidemiological evidence.

These specifications reduce a very large body of literature to manageable proportions;
nevertheless, this is not intended to be an exhaustive review, but rather to add type-specific
evidence to that obtained from UK cohorts. To this end, the framework to which risk factor
variables identified were related above: demography and anthropometry; lifestyle; social
circumstances; and morbidity; guides the structure of each section. Academic interest in risk
factors for 30-day readmission greatly outweighs interest in admissions of other types; therefore,
from this point forward, the order in which the three outcomes are considered is reversed, thus:

30-day readmission; emergency admission; elective admission.

3.3.1 30-day readmissions

Although the aim of this review is to elicit evidence on individual risk factors for admission, the
influence of system factors must be acknowledged in discussing readmissions; of the three
admission types considered, they are most directly linked to the system via the index admission
and for this reason they are regarded as most likely to be avoidable, despite involving the sickest
people. The policy of non-reimbursement adopted by the NHS (Section 2.5.2) is founded on the
belief that the cause of readmission lies within the index admission. If this were so, some

emergency readmissions could be prevented by optimal care at this stage (Robinson, 2010b).

There is, however, ample evidence that the influence of patient factors dominates among risk
factors for readmission. An analysis that aimed to quantify the relative effects of patient and
hospital factors in the US estimated that patient factors explained 56.2% of the variation between

hospitals in risk of readmission, whilst hospital factors explained only 9.3% (Singh et al., 2014).

The narrative findings of two systematic reviews of high-quality studies investigating the clinical,
demographic, social and other risk factors for readmission among older people are drawn on

extensively in the review of patient related risk factors that follows. The original papers are
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consulted and supplemented by other material as appropriate. The first of the reviews was
limited to papers reporting prospective cohort studies among people aged 75 or more. (Garcia-
Perez et al., 2011). The outcome of interest was unplanned readmission for any medical problem
during follow-up periods that extended from 15 days to 18 months from the date of discharge.
Twelve studies meeting the criteria were identified, all from developed countries; information
reviewed here relates only to four studies that had follow-up periods of one month or less (Kwok
et al., 1999; Lotus Shyu et al., 2004; Cornette et al., 2005; Laniece et al., 2008). The second review
included two prospective cohort studies not included in the first (Espallargues et al., 2008; Fisher
et al., 2013), four retrospective cohort studies (Pines et al., 2010; Dinescu et al., 2012; Robinson
and Kerse, 2012; Spector et al., 2015) and a case-control study (Dombrowski et al., 2012), all in
Western populations aged 65 or more. Its outcome of interest was unplanned readmission to an

acute care hospital within one month of discharge (Pedersen et al., 2014, 2017).
Demography and anthropometry

Section 2.4.3.3 demonstrated higher rates of readmission at older ages in the UK; it is therefore
not surprising that most research into readmission has selected study populations of advanced
age. Within these narrow ranges, some, but not all, studies observed an association with higher
age (Garcia-Perez et al., 2011; Pedersen et al., 2017). Risk of readmission attributable to sex is
also equivocal, most studies showing no effect (Garcia-Perez et al., 2011), though there are

reports of higher incidence among men (Pedersen et al., 2017).

Lifestyle

Surprisingly, neither of the systematic reviews reported risk attributable to lifestyle behaviours,
perhaps because among a panel of risk factors, they are relatively unimportant. In the US, for
example, being an active smoker was unrelated to risk of readmission in mutually adjusted
analyses that included a diverse range of potential risk factors (lloabuchi et al., 2014). The effect
of alcohol consumption was similarly vulnerable to adjustment for other factors in a US study of
predominantly male Veterans aged 65 or more (Chavez et al., 2016). Although univariate analyses
demonstrated an increase in risk of 30-day readmission in both high-risk drinkers and non-
drinkers, after adjustment for sociodemographic and health variables, only non-drinkers retained
an increased risk of readmission. A small study using accelerometry to assess physical activity
among men and women aged 65 or more in the US found that a higher step count during the
week after discharge was associated with lower risk of 30-day readmission, but again the
relationship was attenuated by adjustment for sociodemographic, functional and healthcare

characteristics (Fisher et al., 2013).
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Social circumstances

The two systematic reviews both cited risk of readmission accruing from social circumstances,
though they found different variables to be influential. Garcia Perez cited a study in Taiwan,
showing that discharged patients whose caregivers requested help from social services had a
readmission rate 10 times that of those who did not need help, and another in Italy that
suggested, surprisingly, that having higher level of education was associated with increased risk
(Garcia-Perez et al., 2011). Meanwhile, Pedersen reports deprivation to be important (Pedersen

etal., 2017).

Interactions of other risk factors with poverty were explored in the prospective Geriatric
Resources for Assessment and Care of Elders study (GRACE) in Indianapolis, among community-
dwelling adults aged 65 or more who had annual incomes less than 200% of the federal poverty
level. Measurements of health and functional status at baseline were followed by four rounds of
data collection in the next two years. Independent risk factors for 30-day readmission included
living alone, not having Medicaid, and staying in a nursing home in the past 6 months. There was

no association with education (lloabuchi et al., 2014).

Physical function

The two systematic reviews differed in their classification of variables relating to physical
function. One considered them with measures of disease as ‘health characteristics’ (Pedersen et
al., 2017); the other defined separate categories relating to ‘functional capacity’ and ‘morbidity’
(Garcia-Perez et al., 2011). Notwithstanding this difference, both reviews concluded that
functional characteristics are associated with risk of 30-day readmission: via score on the Barthel
index of activities of daily living and dependency in feeding (Garcia-Perez et al., 2011; Pedersen et
al., 2017). In the GRACE study cited above, having a new assistive device in the previous six

months was an independent predictor of 30-day readmission (lloabuchi et al., 2014).

Morbidity

The prevalence of age-related conditions in England and their impact on hospital admissions was
discussed in Section 2.2.3. Internationally, many studies of readmissions have examined
associations between the primary diagnosis of the index admission and likelihood of readmission,
with no clear pattern identified. Both systematic reviews recognised aspects of health or
morbidity as risk factors for 30-day readmission, but again, there was little consensus over which
diagnoses or comorbid conditions were important. Studies included in the first review cited
diseases of the respiratory, genitourinary and circulatory systems, cancer and poor overall

condition (Garcia-Perez et al., 2011). To this list, the second review added diseases of the
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gastrointestinal system, number of geriatric giants, injury, and a number of clinical markers during
the index admission (Pedersen et al., 2017). Meanwhile, the GRACE study (see above) found no
association with any chronic disease from a list that included COPD, congestive heart failure,
myocardial infarction, diabetes mellitus, stroke, cancer, depression, and dementia (lloabuchi et
al., 2014), although both dementia (Daiello et al., 2014) and depression (Marcantonio et al., 1999)

have been previously linked to risk of 30-day readmission in the US.

The tendency of age-related conditions to cluster was explored in Section 2.2.3, and this
phenomenon has been found to predict 30-day readmission, whether defined by number of
diagnoses (Chu and Pei, 1999; Marcantonio et al., 1999; Au et al., 2002), or the score from a
comorbidity index (Shu et al., 2012; Pugh et al., 2014). In Spain, an analysis of readmissions within
an administrative database found that comorbidity was associated with increased risk of
readmission at one month but not at one year, possibly due to a mortality bias (Librero et al.,

1999).

Finally, the predictive value of patients’ subjective appraisal of their health (Section 2.1.2) at
discharge from the index admission has been investigated in Hong Kong using a structural
equation model. A composite measure that combined 5 indicators including self-rated health was
the only variable significantly affecting risk of 28-day readmission among these patients (Wong et

al., 2010).

Previous hospitalisation

There is a large literature on prior hospital care in relation to readmission, and both systematic
reviews report associations with fact of previous admission, duration of admission(s), or both
(Garcia-Perez et al., 2011; Pedersen et al., 2017). Pedersen additionally cites admission by transfer
and discharge to a nursing home as risk factors for readmission. However, although previous
admissions tend to be regarded as missed opportunities to avert readmission, they do not just
represent system factors: it is possible to view them as additional markers of morbidity, as

classified by the Scottish Health Survey (Section 3.2.5).

3.3.2 Emergency admissions

Emergency admissions have been relatively less studied than readmission. A review article on risk
factors for unplanned admissions in older people found limited evidence from high quality studies
and was forced to draw conclusions from studies intended to validate screening or risk
stratification tools, whilst sounding appropriate caveats over their interpretation (Walsh, 2014).

The findings of the article are discussed below, and supplemented by other relevant evidence.
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Demography and anthropometry

The review cited above reports clear evidence of increased risk of emergency admission with
higher age (Walsh, 2014). This is confirmed by the findings of two studies in Leicestershire: the
first linked admissions data for those aged 65 or more with enumeration district level
denominators from the census (Bernard and Smith, 1998); the second, an ecological study,
compared the emergency admission rate of GP practices with the percentage of practice
populations that were aged 65 or over (Bankart et al., 2011). Conversely, two prospective cohort
studies nested within randomised controlled trials reported that the effect of age was unrelated
to emergency admission among frail patients aged 50 or more in the US (Damush et al., 2004),
and was attenuated once other risks were accounted for in multivariate analyses among those

aged 70 or more in Australia (Mallitt et al., 2015).

The effects of sex on risk of emergency admission were not mentioned by the review article;
supplementary material consulted has produced conflicting results. Higher risk in men was found
in the first of the Leicestershire studies (Bernard and Smith, 1998) and among those aged 70 or
over in Sydney (Mallitt et al., 2015). Conversely, the ecological study in Leicestershire found
increased risk of emergency admission among practices with higher proportions of women. This
may be because it included patients of all ages, though it did not include maternity admissions

(Bankart et al., 2011).

The review does not mention anthropometric variables either; one supplementary study has been
identified showing that, among frail older patients in the US, lower BMI was associated with

increased risk of emergency admission (Damush et al., 2004).
Lifestyle

No markers of lifestyle are considered by the review article. The impact of physical activity specific
to emergency admission has been investigated by a small prospective cohort study in Bristol
among people aged 70 and above. Univariate analyses of accelerometry data collected over one
week showed that decrease in minutes/week of moderate-to-vigorous physical activity was
predictive of unplanned admission; however, no significant relationship remained when adjusted
for lower-limb function, summarised across measures of the Short Physical Performance Battery

(Simmonds et al., 2014a).
Social circumstances
A range of social circumstances have been associated with increased risk of emergency admission.

Walsh cites evidence to suggest that living in a nursing home, in an urban environment or alone
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are detrimental (Walsh, 2014), though this latter relationship was replicated in men, but not
women, in Sweden (Pimouguet et al., 2017). Other living arrangements that have been associated

with risk include having a live-in carer in Australia (Mallitt et al., 2015).

Walsh also reports deprivation to be associated with risk of emergency admission; this has been

confirmed among older people (Bernard and Smith, 1998) and at all ages (Bankart et al., 2011) in
Leicestershire and in a population of adults aged 20 or more in a retrospective cohort in Scotland
(Payne et al., 2013). In an ecological study in London, the percentage of the patients classified as

unskilled was positively associated with emergency admission (Reid et al., 1999).

Physical function

No analyses of risk of emergency admission accruing from physical function are reported by the
review article; just one has been found, showing that among frail individuals in the US, rate of

emergency admission was reduced among those with better SF-36 physical function (Damush et
al., 2004). This relationship was independent of demographic variables, disease status and prior

hospitalisation.

Morbidity

A wide range of physical diseases have been associated with increased risk of emergency
admission, including heart failure (Damush et al., 2004; Walsh, 2014), diabetes and anaemia
(Damush et al., 2004). Risk has also been attributed to mental health conditions (Payne et al.,
2013; Walsh, 2014) as well as to more general measures of ill health such as multimorbidity
(Payne et al., 2013; Walsh, 2014), and in ecological studies, to the percentage of a practice
population classified as chronically ill (Reid et al., 1999). Polypharmacy has been associated with
risk even after accounting for comorbidity (Damush et al., 2004): among those aged 80 or more in
Belgium, there was an 11% increase in risk of emergency admission per extra medication taken

(Wauters et al., 2016).

Previous hospitalisation

Walsh, among others, reports prior hospitalisation, as well as increased numbers of primary care

visits to be predictive of emergency admission (Walsh, 2014).

3.3.3 Elective admissions

Little evidence is available on risk factors for all-cause elective admissions, other than from

ecological studies that consider whole populations, rather than just older people.
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Demography and anthropometry

Risk factors for elective admission have been investigated in a third study in Leicestershire, which
showed that higher percentages of practice populations who were aged 65 or more, were of
white ethnicity, or were female had significantly increased risk of elective admission in

multivariate analyses (Chauhan et al., 2012).

Social circumstances

The association between deprivation and elective admission has been investigated among GP
practices in South London using the Jarman UPAS8 score (Reid et al., 1999) and in Leicestershire
using the index of multiple deprivation (IMD) (Chauhan et al., 2012). Neither study demonstrated
a link after adjustment for other variables. In the Thames Valley, at Lower Super Output Area
level, relationships between IMD and overnight elective admission were shown to differ by Health

Resource Group chapter (ie, by body system), but the author concluded that overall,

‘elective admission is relatively insensitive to the effect of increasing IMD’ (Jones, 2006a pp7).

Had this study not excluded day cases, it is possible that associations would have been smaller
still. This would tally with evidence that links higher social class with increased demand for

elective care (Dixon et al., 2007).

Morbidity

Specific diseases have clear associations with elective admission according to their treatment
protocols, thus risk of admission follows risk of disease, mediated by the variables above.
However, no single disease appears to define risk effectively at the population level; in
Leicestershire, coronary heart disease prevalence was used as a marker of chronic disease, but no
association was found (Chauhan et al., 2012). Adopting a more general marker of overall health in
South London, a positive association was demonstrated between the percentage of the practice

population classified as chronically ill and elective admission (Reid et al., 1999).

334 Comparison of admission types

The evidence presented above is drawn from multiple studies in diverse populations and may not
be fully comparable. Populations in which more than one admission type has been studied using a
consistent methodology are needed to overcome this problem. Five populations have been
identified in which emergency and elective admissions have been studied. The first, the Renfrew-
Paisley Cohort (Section 3.2.3), showed opposing associations between social class and admission,

such that rates of emergency admission were raised in people of lower, and elective admission in
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people of higher, occupational social class. In analyses of all admissions combined, these
relationships were masked (McCartney et al., 2013). This observation, combined with the
differences between admission types outlined in Sections 2.4.3-2.3.4 justified separate

consideration of admission types in this review.

Risk factors for elective and emergency admissions were also reported separately in the
previously cited ecological studies from London (Reid et al., 1999), Leicestershire (Bankart et al.,
2011; Chauhan et al., 2012) and the Thames Valley (Jones, 2006a): in each case, measures of
deprivation were associated strongly with emergency admission and minimally or not at all with
elective admission. In the Thames Valley study, the relative effect of a 10-unit rise in IMD was
compared for overnight elective and emergency admissions by HRG chapter. For emergency
admissions, the effect ranged from 6-33%, compared with just 1-9%, for elective admissions

(Jones, 2006a).

The effects of other variables have been compared more obliquely in London, where combined
census-defined sociodemographic patient factors were estimated to explain 45% of the between-
practice variation in rate of emergency admission, compared with 25% for elective admission. The
relative contribution of different factors to the combined measure varied, chronic illness being
the primary explanatory variable for elective admission, whilst being unskilled dominated risk of

emergency admission (Reid et al., 1999).

A range of variables have also been evaluated as potential risk factors for elective and emergency
admission at the individual level by a trend study set in The Netherlands. Multiple waves of data
collection between 1995 and 2009 in the Longitudinal Aging Study Amsterdam (LASA) were used
to define trends in health, demographic and lifestyle characteristics, which were related to trends
in admission during the 36 months following each wave of data collection, ascertained by linkage
to routine data. Among 2,520 participants aged 65-88 years, trends in admission were seen to
differ by type, with a two-fold increase in elective day cases; there was also a slight increase in
overnight admissions, due entirely to emergency cases. Increased prevalence of chronic diseases,
functional limitations and polypharmacy partly explained the trend in emergency admissions.
Policy factors, such as healthcare reform and increasing treatment possibilities, also contributed
to the rise in emergency admissions, and were considered to wholly explain the trend in day cases
(Galenkamp et al., 2016). This mirrors the greater impact of period effects on elective admission
than on emergency admission that was demonstrated in the UK (Wittenberg et al., 2015) (Section

2.4.4).

None of the above studies extended its comparison of admission types to include readmission.
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3.35 Overview of type-specific evidence

Table 4 presents a summary of type-specific risk factors for admission identified by Sections 3.3.1-
3.3.4 above. The symbols denote associations between the variables listed and each admission
type: filled symbols represent evidence of an independent association; open symbols represent
associations that are confirmed only by univariate evidence or for which direction is unclear; the
absence of a marker implies that no association has been demonstrated or that there is no known

analysis.

Table 4 Summary of risk factors for all-cause type-specific admission among older people

(Source, author’s analysis of research across international studies)

Admission type

Readmission Emergency Elective

Age @) O
Sex o O
BMI O
Smoking @)

Alcohol consumption @)

Physical activity @) O
Social Circumstances [ ) ¢
Physical function ) X3
Morbidity ) X3
Previous hospitalisation o L 4

Key: filled symbol = strong association; open symbol = univariate or ambiguous association

Evidence on demographic variables is derived from figures 3-5, which show that rates of
admission are highest in the oldest age groups, irrespective of admission type. This is confirmed in
studies of specific admission types when whole populations are sampled. However, studies that
are restricted to older populations often do not detect an effect across a narrow age range,
suggesting that biological age may be a more important risk factor than chronological age in later
life. The effect of age is therefore considered equivocal. The same is true of sex, though the bulk
of evidence seems to suggest that among older populations, males have higher rates of

readmission and emergency admission, whilst across all ages, the risk for females is greater.

Little evidence was found on anthropometric variables; a single association between lower BMI
and increased risk of emergency admission being considered (Damush et al., 2004). In view of the
J shaped curve and the inverse association of BMI with mental health admissions that were
reported in the Midspan studies (Hart et al., 2007; Lawlor et al., 2007), this is viewed as

incomplete evidence and the association is again considered equivocal.
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Associations with lifestyle variables that were demonstrated for readmission and emergency
admission were generally vulnerable to adjustment for other factors. A single exception was an
elevated risk of readmission among non-drinkers (Chavez et al., 2016), again mirroring reported

associations with ex-drinkers in the Midspan studies (Hanlon et al., 2007).

The evidence relating to social circumstances is clearer, particularly in relation to lower social
status and deprivation, for which strong links with readmission and emergency admission have
consistently been demonstrated (Garcia-Perez et al., 2011; Walsh, 2014). In contrast, elective
admission appears to be associated with higher social class (Dixon et al., 2007); this divergent
relationship has been demonstrated in most (Reid et al., 1999; Bankart et al., 2011; Chauhan et
al., 2012; McCartney et al., 2013) but not all (Jones, 2006a) of the populations in which both
elective and emergency admissions have been studied and is noted in serious, but not in all,

admissions reported by the cohort studies (Table 3).

Evidence on the relationship of physical function suggests that measures of severely
compromised function, such as ADL limitations, are associated with readmission (Garcia-Perez et
al., 2011; Pedersen et al., 2017), whilst a better score on the ordinal SF-36 PF domain is associated
reduced risk of emergency admission (Damush et al., 2004). Physical function does not appear to
have been considered as a risk factor specific to elective admission, nor in the cohort studies

discussed.

A wide range of diseases has been associated with readmission and emergency admission, with
no consensus over which is most important (Garcia-Perez et al., 2011; Pedersen et al., 2017);
indeed, some studies have reported no association with any specific disease in wide-ranging
multivariate models (lloabuchi et al., 2014). Markers of general disease are perhaps more
consistent risk factors across the spectrum of admission types, multimorbidity having been
associated with readmission (Chu and Pei, 1999; Marcantonio et al., 1999; Au et al., 2002; Shu et
al., 2012; Pugh et al., 2014) and emergency admission (Payne et al., 2013; Walsh, 2014);
polypharmacy with emergency admission (Damush et al., 2004; Wauters et al., 2016); and long
term limiting illness with both emergency and elective admission in the same population in
London (Reid et al., 1999). No disease-specific risk factors for elective admission have been found,
although markers for respiratory disease, cardiovascular disease and diabetes were found to

predict any admission as well as serious admission in Renfrew-Paisley (Hanlon et al., 1998).

Previous admissions, alongside a range of other measures of healthcare utilisation, have been
found to predict readmission and emergency admission. Although they are often regarded as
system factors, and may be thought suggestive of system failure, prior admissions can equally be

viewed as markers of poor health. Intuitively, although the rise in elective day case admissions is
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attributed to system factors (Galenkamp et al., 2016), such admissions must also be related to
individual factors; the system cannot operate without patients. The likelihood is that the balance

between system and individual factors differs by admission type, as do APC effects.

3.4 Summary of risk factors for admission

Overall, UK cohorts and international type-specific studies produce similar findings on risk factors
for admission. In cohort studies, more risk factors are apparent when the outcome is a serious
admission, however defined, than when it is any admission. In type-specific studies, more risk
factors have been identified for readmission and emergency admission than for elective
admission. This may simply be due to preferential academic interest in readmission and
emergency admission, perhaps driven by policy incentives; alternatively, it may support the

suggestion (Section 2.4.4) that admission type is another proxy for ‘seriousness’ of admission.

< Domains of predictor variables — «~— Follow-up ——

Demography &
anthropometry

Physical
function

‘health’

Morbidity

Lifestyle

N —

Social
circumstances

,4““““““““““““

Admission

Distal Proximal
outcome

Figure 6 A priori conceptual framework showing relationships between domains

of predictor variables and admission outcomes (Source, author)

Figure 6 shows a diagrammatic summary of the combined evidence on risk factors for all cause
admission. Risk factors are grouped into five domains, the first of which is demography and
anthropometry; a disparate group of variables relating to the person which includes age, sex, and
body size. The second domain relates to lifestyle, and includes health behaviours such as smoking,

alcohol consumption, physical activity and diet. The third domain contains a wide range of
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measures of social circumstances; the variables have influences across the lifecourse and include
education, relationship status, measures of wealth and social standing, and living arrangements in
old age. The fourth domain is physical function, typically enumerated using scales of ADL or IADL
limitation or the SF-36 tool. Morbidity summarises the final domain; many examples of which
have been implicated, including several of the age-related diseases listed in Table 1. Measures of

self-rated health and previous hospitalisation are also classified to this domain.

The relative placement of the domains on Figure 6 is informed by the evidence shown in Table 4.
No admission type has an association with demography and anthropometry or with lifestyle that
is informed by consistent, unambiguous, multivariate evidence; thus these domains are
considered distal to admission outcomes. Social circumstances are also placed distally, because
evidence, though strong, is not consistent for elective admission. The potential for independent
effects of each of these domains on admission is nonetheless acknowledged. Demography and
anthropometry, for example, could directly affect risk of admission if older or fatter people were
denied elective procedures from which they were less likely to benefit than younger, thinner
people with the same disease status. Alternatively, such individuals may be more likely to be
admitted for procedures that could usually be carried out safely in the community. Lifestyle could
independently affect risk of admission if behaviour affected the choice of treatment considered
appropriate, (eg smokers may not be suited to thoracic surgery), or if the behaviour itself required
supervision to ensure a favourable outcome to a health problem (eg those under the influence of
alcohol admitted via A&E after a minor accident). Direct effects of social circumstances on risk of
hospital admission could result from difficulties in access to medical care, inadequate domestic
environment or lack of a caregiver at home. Figure 6 also recognises, by means of dotted lines,

potential interrelationships between these distally placed domains.

The two remaining domains, physical function and morbidity, are grouped, in recognition of their
close and bidirectional relationships, and for consistency with other reviewers (Pedersen et al.,
2017). Because not all exemplar variables are measures of morbidity per se, the two domains
together are considered to represent health. This composite domain is positioned proximal to
admission, due to the relationship with morbidity that is consistent across admission types in
Table 4, and in accordance with Andersen’s recognition of need as having the most direct impact
on admission (Andersen and Newman, 1973). Notwithstanding the capacity for independent
effects on admission from anthropometry, demography, lifestyle and social circumstances, the
placement of these domains behind health in Figure 6 suggests that their impact on admission
may be largely mediated through recognised associations with health (discussed in Section 4.6.1);

associations which may be bidirectional.
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3.5 Conclusion

In conclusion, this chapter has shown that several UK cohort studies have been successfully linked
to Hospital Episode Statistics and have yielded evidence on risk factors for admission. Limited
conclusions can be drawn about the relative effects of these risk factors on admissions of differing
seriousness; still less is clear about their specific contributions to readmission within 30 days,
emergency admission or elective admission (Section 3.2.4). Collectively, the international
literature on risk factors for admissions of these types is difficult to interpret, but provides some
suggestion that risks vary by type of admission as they do by seriousness of admission in the
cohort studies, readmission being the most ‘serious’ type of admission (Section 3.3.4). This
similarity supports the impression of a gradient in ‘seriousness’ across the types explored in

Section 2.4.4.

The relative contribution of system factors to risk of admission can be seen to differ by admission
type. However, the influence of individual factors is unavoidable, and is probably the most
difficult for policy makers to modify. This review suggests that the individual determinants of
admission can be broadly categorised to five domains: demography and anthropometry; lifestyle;
social circumstances; physical function; and morbidity. A conceptual framework is presented in

Figure 6.

In the context of this thesis, five criticisms may be levelled at the literature reviewed. First, there
is a problem of comparability: between studies that differ in design and quality; and between
studies from different populations that are not necessarily applicable to the UK. Secondly, studies
that examine only a narrow range of predictor variables produce no evidence on their relative
importance. Thirdly, the complexity of individual admission histories has not been addressed: if
people have admissions of more than one type, the specificity of risk factors they exhibit to the
type of admissions they experience is questionable. Fourthly, few studies have examined the
constancy of risk factors across different admission types; nor fifthly, whether there is a gradient

in risk between types.
As Pedersen concludes in her systematic review of risk factors for readmission:

‘Due to the breadth and diversity of variables examined and the lack of comparability of findings,
the impact of these varying factors and their value as risk adjusters and application in different

settings and populations are limited’ (Pedersen et al, 2017 pp 455).

More consistent information is clearly required.
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This thesis makes a unique contribution to the field by exploring the associations, in older people,
between a panel of prospectively measured risk factors and three outcomes: 30-day readmission,
emergency admission and elective admission. The work uses data from the Hertfordshire Cohort
Study and an extract of HES data relating to its members. A multifactorial predictor panel is
selected according to the evidence of this review to include variables representative of the
domains identified in Figure 6: demography and anthropometry; lifestyle; social circumstances;
physical function and morbidity. This allows an evaluation of their relative importance in an at-risk
population comprising a community dwelling cohort that includes admitted and non-admitted
individuals. Analyses consider broad patterns of hospital admission rather than a single admission
as the dependent variable, and examine the constancy of risk factors across admission types. This
has not been done before and has the potential to contribute to the existing international
literature on the determinants of admission by type. In addition to this work on the determinants
of admission, the linked files have contributed to the rather sparse UK literature on the
distribution of admissions among older people in the following publication, which is reproduced in

Appendix A:

Simmonds, S.J., Syddall, H.E., Walsh, B., Evandrou, M., Dennison, E.M., Cooper, C. and Aihie Sayer,
A. (2014) Understanding NHS hospital admissions in England: linkage of Hospital Episode Statistics
to the Hertfordshire Cohort Study. Age Ageing, 43, 653-660.

The formal research questions addressed by this thesis are these:

1. How could Hospital Episode Statistics and Cohort Study data be linked to produce a
dataset with added value?

2. Insuch a dataset, how would demography and anthropometry; lifestyle; social
circumstances; physical function; and morbidity; individually and together, affect risk of:
a) readmission within 30 days?
b) emergency admission?
c) elective admission?

3. Are there common drivers of different types of admission at older ages?

The next chapter addresses the first question by describing the cohort and administrative data
that are available, ethical considerations governing their use, methods of linkage, and the
resulting dataset used by this research. Chapters 5, 6 and 7 focus on the individual parts of
Question 2, each presenting a paper that compares a common panel of 25 predictor variables
with one of three outcomes: readmission within 30 days of discharge (Chapter 5); emergency
admission (Chapter 6); and elective admission (Chapter 7). The final chapter compares and

contrasts the findings of the papers to address the third question.
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Chapter 4: Data and methods

The previous chapter showed that our understanding of risk factors for hospital admission could
be supplemented by linking two data sources: first, baseline information from a cohort of
community-dwelling older people; and secondly, hospital episode statistics relating to admissions
subsequently experienced by cohort members. The initial research question to be addressed was
a practical one: ‘How could Hospital Episode Statistics and Cohort Study data be linked to produce
a dataset with added value?’ In describing the data and methods employed, this chapter begins to
provide an answer. Section 4.1 introduces the Hertfordshire Cohort Study (HCS), with reference to
the recruitment and tracing of participants and the baseline characterisation that cohort
members underwent around the beginning of this century. Section 4.2 describes the routinely-
collected follow-up data on hospitalisation and death from which outcome variables for this
research were derived. Section 4.3 explains briefly how the data were brought together; more
technical information appears in Appendix B. Sections 4.4 and 4.5 discuss the descriptive
epidemiology of admissions within the linked file at cohort and individual levels respectively.
These sections begin to demonstrate the added value of linked data and provide useful context to
the work that follows. However, the real value of the combined data is the potential to examine
the effect of prospectively collected baseline information on subsequent admissions. Section 4.6
describes the panel of predictor variables constructed from the information collected at baseline
and discusses how the literature reviewed in Chapter 3 guided its design. Section 4.7 defines the
three outcome variables: these are compared with the predictor panel by the papers that
comprise Chapters 5, 6 and 7. Section 4.8 outlines the statistical methods and analysis strategy
that is common to all three papers, and summarises the techniques adopted by each. Sections 4.9
and 4.10 address two important issues in epidemiological research, sample attrition and ethics,
and Section 4.11 concludes the chapter. Collectively, the research methods outlined in this

chapter comprise a pragmatic strategy to investigate the stated research questions.

4.1 Hertfordshire Cohort Study: background

Ecological studies carried out during the 1980s showed a similarity in the distributions of infant
mortality in the early 1900s and death from coronary heart disease (CHD) some 65 years later
across the administrative areas of England and Wales (Barker and Osmond, 1986). It was
hypothesised that poor conditions in early life, for which infant mortality is a marker, were
causally linked to subsequent CHD mortality in the same generation. A nationwide search for

records of individual infants or children in whom the association could be tested led to the
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discovery of a large set of Health Visitors’ ledgers in Hertfordshire. These have underpinned the
Hertfordshire Cohort Study (HCS), which is run by Medical Research Council (MRC) Lifecourse
Epidemiology Unit (LEU) and funded principally by the MRC with additional grants from the British
Heart Foundation, Arthritis Research UK, the National Osteoporosis Society, the Wellcome Trust,

and the University of Southampton. The following sections describe HCS in detail.

41.1 Health Visitors’ ledgers

The Hertfordshire health visitors’ ledgers are the legacy of a county-wide scheme established in
1911 by Ethel Margaret Burnside, Hertfordshire’s ‘Chief Health Visitor and Lady Inspector of
Midwives’. Her team of nurses attended women during childbirth and recorded the weight of
their offspring on a card. Babies were visited regularly for the first year, during which time
illnesses, development and method of infant feeding were noted. They were weighed again at
one year, and visits continued intermittently until the age of five. The information was transcribed
from the cards into ledgers (Figure 7) covering the years from 1911 until 1948, when the NHS was
formed; around 100,000 births in all. These summary ledgers were acquired by the Medical
Research Council (MRC) and computerised by double-entry, a third person adjudicating over

disagreements.
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Figure 7 Extract from the health visitors' ledgers (Source, MRC LEU)

4.1.2 Tracing

People detailed in the ledgers were traced through the National Health Service Central Register

(NHSCR); a list of everyone enumerated in England and Wales at the 1939 census and those born
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since. It is maintained by NHS Digital (and forerunning organisations) and used for the
administration of primary care records. With appropriate legal authority, it is possible to ‘flag’
individuals among those listed and when they die, for NHS Digital to forward a copy of death

details supplied to them by the Office for National Statistics.

Minimum information needed to trace individuals on NHSCR is full name and date of birth;
address at a given date is also helpful. Where these details were unclear or incomplete in the
Health Visitors’ ledgers, they were confirmed through the national Index of Births, birth
certificates being obtained where necessary. Approximately 50,000 individuals whose births were
recorded in the ledgers during 1911-39 had sufficient detail and were sent to NHSCR for tracing;
40,000 were successfully traced and flagged for continuous notification of death; over half have
died to date. Analyses of mortality from heart disease in the cohort confirmed associations with
low birth weight and low weight at one year - markers of intrauterine and postnatal growth
respectively, both of which are indicative of generally poor environmental conditions (Barker et
al., 1989; Osmond et al., 1993). Associations were also demonstrated between early growth and

other causes of death (Syddall et al., 2005b).

To investigate links between early weight and risk factors for heart disease before death, three
subsets of individuals whose births had been recorded in the ledgers were recruited in life. This
was possible because the Central Register indexes each person’s entry with their NHS number and
lists against it a cipher showing which area health authority the individual is registered with. Both
these details were communicated to the MRC, allowing a list of NHS numbers for those registered
in Hertfordshire to be compiled and sent to the health authority (HA); the HA to identify
responsible General Practitioners (GPs); and GPs to provide consent for an MRC approach to their
patients alongside contact details to enable this. The first two subsets identified were small
groups of people born before the end of 1930. A third cohort born during 1931-39 was chosen to
be young enough to undergo investigations (at the inception of the study in the late 1990s) and
likely to survive a follow-up period during which a range of somatic ageing processes, beyond the
original focus on heart disease, could be observed. Their later birth meant the ledger address was

often still current at the 1939 census, thus the trace rate on the NHSCR was high (87%).

It is this subset that is known as the Hertfordshire Cohort Study (HCS), on which this thesis is
based. Potential participants were contacted through their GP and invited to take partina
baseline assessment comprising a nurse administered home interview followed by attendance at
a clinic for detailed physiological investigations. Of those registered with a Hertfordshire GP,

permission was obtained to contact 6,099 (85%) men and women by letter. 1,684 (54%) men and
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1,541 (52%) women aged 59-73 years completed a home interview and 1,579 (94%) men and

1,418 (92%) women subsequently attended clinic. Recruitment is summarised in Figure 8.

42 974 births recorded in ledgers 1931-39

39 764 live births recorded in ledgers
(95% of all live births recorded by registrar)

24 130 matched criteria sent to NHSCR for tracing

2997 baseline clinic

Figure 8 Recruitment of study participants: birth — baseline clinic

(Source, MRC LEU)

With the passage of time, these baseline assessments have become a valuable resource for use in

the study of ageing. Further details are given below.

4.1.3 Baseline assessments

HCS baseline assessments were carried out between 1998 and 2004, when the participants were
aged 59-73 years. Table 5 provides a summary of the data collected at home interview and clinic.
Taken together, the data from the health visitors’ ledgers, information reported by the participant
at the nurse-administered home interview and the measurements made by the research team in
clinic, constitute a lifecourse overview of the social, behavioural and biological characteristics of

2,997 people; the study population on whom this thesis is based.

Interviews and physiological investigations were carried out by a trained team of nurses and
doctors working to strict protocols. To ensure comparability of measurements obtained over the

5¥-year study period, intra- and inter-observer studies were conducted at regular intervals.
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Table 5 Baseline assessments in the Hertfordshire Cohort Study (Source, MRC LEU)

Home interview

Clinic Visit

e Marital status
o Age left full-time education
e Housing tenure
e (Car availability
e Family history
including father’s social class
e Physical activity
e (Cigarette smoking
e Alcohol consumption
e Obstetric history
e Occupational history
e Current Social class

e Rose/WHO chest pain and leg pain
questionnaires

e Severe chest pain and previous coronary
surgery

e Respiratory symptoms
(MRC questionnaire)
e Fracture history
(own and of parents and siblings)
e Lower back pain
e Medical history
(including stroke and diabetes)
e Current medications
e Falls
e Self-rated general health
e SF-36 health related quality of life
e Anxiety and depression
(HAD) scores
e Current diet

(administered food frequency
guestionnaire and 24-hour food diary)

e Nutrient intake from dietary
supplements

e Social support and networks

e Job effort-reward and demand- control

Height; weight; waist, hip, mid-upper arm
and thigh circumferences

Triceps, biceps, subscapular and suprailiac
skinfold thicknesses (Harpenden callipers)

Blood pressure and pulse rate (Dinamap
recorder)

Lung function FEV1 and FVC
(Micro Spirometer, Micro Medical)

Standard 12-lead electrocardiography
(1982 Minnesota protocol)

Venous blood samples after overnight
fast: Glucose

Insulin and proinsulin precursors
Total, HDL and LDL cholesterol
Triglycerides

Apolipoprotein Al and B
Vitamin C

Frozen plasma and sera stored for future
measurements

Two-hour timed 75g oral glucose tolerance
test: Glucose and insulin 30’ and 120’ post
load

DNA extracted from whole blood samples
Timed overnight urine collection

Grip strength

(Jamar hand-grip dynamometer)
Quadriceps strength

(West Hertfordshire only, Lafayette MMT
strength system)

Timed 6m up-and-go test and 3m walk
Chair rises
Timed one-legged stand

Clinical hand examination for pain,
swelling and tenderness
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4.2 Hertfordshire Cohort Study: follow-up

Since their baseline characterisation, cohort members have been followed-up by postal
guestionnaires, repeat clinics and through routinely-collected data from NHSCR, the Hospital
Episode Statistics (HES) service, and the Office for National Statistics (ONS). Besides maintaining
the NHSCR, NHS Digital acts as gatekeeper for HES and ONS. This thesis derives follow-up data

exclusively from these administrative sources.

421 Hospital Episode Statistics

The Hospital Episode Statistics service is described in Section 2.4.1. Briefly, it comprises a
regularly updated warehouse of data on hospital admissions in England from which bespoke
extracts can be provided by NHS Digital subject to ethical and legal conditions (NHS Digital,
2017f), although since the passage of the 2012 Health and Social Care Act access has become very
difficult. In 2011, before these legislative changes (Section 8.4.4), an extract was requested to
cover all inpatient episodes experienced during the financial years 1998/9 to 2009/10 by people
who had completed an HCS baseline assessment. The extract formed the primary data source for
this research; fifteen variables were obtained for each episode, as shown in Table 6 (left and
middle columns). Together, these variables supplied sufficient information to link episodes to
individual HCS participants (using NHS number, date of birth, sex), differentiate admission types
(using date of admission, method of admission, date of discharge), and produce summary data on
the clinical characteristics of admissions experienced by cohort members, (using main specialty,
primary and other diagnoses, primary and other procedures) consistent with nationally
recognised coding systems (ICD-10 and OPCS-4 respectively (World Health Organization, 2011;

Health and Social Care Information Centre, 2013b).

Table 6 Follow-up variables (Source, author)

Source (all supplied by NHS Digital)

Hospital Episode Statistics Service Office for National Statistics
HES id number Date of discharge Date of death, with:
NHS number Destination on discharge Underlying cause (ICD-10)
Postcode Main specialty Multi-cause (ICD-10)
Sex of patient Primary diagnosis (ICD-10)
Date of birth Other diagnoses NHSCR
Date of admission Primary procedure (OPCS-4) Emigration
Method of admission Other procedures

Source of admission
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4.2.2 Other follow-up

The mechanism by which cohort members were originally traced and flagged (Section 4.1.2) has
continued to yield follow-up information from ONS about their deaths, as well as limited
information about their current whereabouts from the NHSCR. These data, which are input to the

cohort database on receipt, are summarised in Table 6 (right column).

4.2.2.1 Office for National Statistics

Routinely collected mortality data are returned monthly by NHS Digital on behalf of the Office for
National Statistics. For each person who has died during the reporting period, date and cause of
death are provided, alongside sufficient identifying information to allow verification of correct
linkage. For the purposes of this thesis, these data were used to ascertain death as an outcome

and to adjust the denominator in assessing rates of admission. Cause coding was not considered.

4.2.2.2 NHSCR

As well as deaths, monthly returns from NHS Digital contain dated notifications of other events
that have caused those who are flagged on the NHSCR to cancel their registration with a General
Practitioner. Notifiable events include transfer to the long-term care of an armed services medical
officer, the mental health service or the prison service, and emigration from England and Wales.

These events, which are rare among the Hertfordshire Cohort, are treated as loss to follow-up.

All records from NHS Digital are identified by NHS number (Section 4.1.2); the same identifier is
cross referenced in the cohort database with the internal serial number. It was therefore possible
to combine HES and cohort data to create an admissions history for each cohort member, as

described in the next section.

4.3 Data linkage

Admissions level data are preferable to episode level data for a number of reasons (Aylin et al.,
2004). Episode data from the HES extract were therefore combined to describe complete
admissions, and linked to mortality and other data from NHSCR to create an admissions history
for each participant covering the period between their baseline assessment and 31/03/2010. The
end date was adjusted for those who died or were otherwise lost to follow-up, so that the follow-
up period during which individuals were considered to be at risk of hospitalisation varied from

person to person.

Figure 9 shows how cohort and episode data combined and is described below.
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43.1 Episodes and admissions

The HES extract contained a total of 12,131 episodes, of which 12,127 were successfully matched
to HCS participants by NHS number. 2,250 episodes preceded individuals’ baseline home
interviews, and these were excluded from the analysis. Of the remaining 9,877 episodes, 8,505
represented single episode admissions that required no further cleaning; 1,372 contributed to
multiple episode admissions amongst which concurrent or consecutive episodes were combined
to yield a further 243 admissions, making 8,748 admissions in total. Seven were ongoing at the
end of the study and were excluded, leaving 8,741 completed admissions by the end of March
2010. Fifty-four admissions were identified that occurred between participants’ home interview
and clinic dates; a median lag of 27 days (IQR: 14,42). These admissions were excluded from the
file to ensure that all variables in the predictor panel (some of which were measured in clinic) had
been ascertained prospectively. The number of completed admissions eligible for analysis was

therefore 8,687.

4.3.2 Classification of admissions by type

Fields from the HES record (Table 6) were used to classify each admission to type. Elective and
emergency admissions were defined by the admission method of their first episode; readmissions
were flagged according to the lag between one date of discharge and the next date of admission
in an individual’s history. Start and end dates were derived from the beginning of the first episode

and the end of the last for multiple episode admissions.

43.3 Admissions and individuals

Mapping 8,687 admissions to individuals, 2,161 cohort members had one or more admission
during the follow-up period (Figure 9, right pathway); 836 (Figure 9, left pathway) had none.
Mortality data were added to the file for 275 people who died between baseline and the study

end: 21 of those who died had no admissions, whilst 254 were admitted at least once.

Appendix B provides technical details of the file preparation.

The clear distinction between admissions and admitted individuals is an essential strength of this
research. Section 4.4, which follows, describes the 8,687 admissions accrued by cohort members
during the follow-up period. This serves to contextualise Section 4.5, which describes individual’s

experience of admissions.
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People:

baseline 2997 completed clinic assessment

Episodes | 12131 records supplied |

12127 matched to
HCS participants

2250 before
participant’s
home
interview

—| 9877 episodes I—

1372 episodes
8505 single aggregated
------------------------------- == episode ------------1 through iterative ----
Admissions admissions process to 243
admissions

8748 total |————
4| 7 unfinished

54 before
participant’s
clinic visit

| 8687 completed admissions |

836 no 2161 >
admission admlssmn

8 |

807 not admitted 1902 > 1 admission

* Emigrated or cancelled NHS registration; both censored alive in survival models

Figure 9 Linkage of admissions data to individuals

(Source, author)
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4.4 Descriptive epidemiology of admissions: cohort level

This section describes the 8,687 admissions accrued by the cohort during the follow-up period;

overall, and by admission type.

44.1 Overall admissions at the cohort level

Among the total 8,687 admissions that occurred during the follow-up period, the majority (8,505
(97.2%)) consisted of a single episode; only 243 admissions comprised multiple episodes. The
ratio of admissions to episodes in HCS was 1:1.13; published figures for 2010/11 show that
nationally, at all ages, the ratio was 1:1.16 (NHS Digital, 2017a). HCS admissions may therefore be
a little less complex than is usual among older people, in accord with the acknowledged healthy
participant effect (Syddall et al., 2005a). In more than half of HCS admissions (59.4%) the patient
was male, a similar proportion of admissions (58%) were day cases; only 14% lasted more than 7

days (range 1-142 days). Operative procedures were carried out in 75.7% of all admissions.
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Figure 10 HCS admission rate per 1,000 person years, by sex

(Source, author)

Figure 10 shows that rates of admission were higher among men than women in the cohort and
that they more than doubled during the follow-up period. Overall rates were: among men,
392.9/1,000 person-years; and among women, 328.1/1,000 person-years. These rates cover the

whole follow-up period and are not comparable with the national data shown in Section 2.4,
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Certain infectious and parasitic diseases

Neoplasms

Diseases of the blood and blood-forming organs

Endocrine, nutritional and metabolic diseases

Mental, Behavioral and Neurodevelopmental disorders

Diseases of the nervous system

Diseases of the eye and adnexa

Diseases of the ear and mastoid process

Diseases of the circulatory system

Diseases of the respiratory system

Diseases of the digestive system

Diseases of the skin and subcutaneous tissue

Diseases of the musculoskeletal system and connective tissue
Diseases of the genitourinary system

Congenital malformations, deformations and chromosomal abnormalities
Symptoms, signs and abnormal clinical and laboratory findings
Injury, poisoning and certain other consequences of external causes

Factors influencing health status and contact with health services
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Figure 11 Number of admissions by ICD chapter (Source, author)
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because they reflect the ageing of the cohort with time as well as the national rise in admission

rates.

ICD-10 codes from each episode (Table 6) were integrated in the records of complete admissions
and used to assign each admission to an ICD chapter according to its primary diagnosis; Figure 11
shows the number of admissions per chapter. Six chapters had particularly high numbers of
admissions, in decreasing order they were: cancers, abnormal signs and symptoms (admissions
during which no clear diagnosis was reached, see Section 2.4.3.2), circulatory diseases,

musculoskeletal diseases, genitourinary diseases and eye diseases.

The HES data suggest that almost all admissions in HCS originated from the participant’s usual or
temporary address: only 4 (0.05%) were recorded as coming from a residential care or nursing
home. Although the validity of data in this field has been questioned (Godden and Pollock, 2001),
HCS participants were comparatively healthy, were community dwelling at baseline, and were of
an age at which care home residence is unusual: just 0.6% of the population of England and Wales
aged 65-74 were reported to live in nursing or residential care homes in 2011 (Office for National

Statistics, 2014b). Any underestimate is therefore likely to be small.

44.2 Admissions by type at the cohort level

Each admission record was classified by method of admission as elective, emergency or transfer
(see footnote to Table 7). In addition, a readmission flag was created to show whether or not each
admission began within 30 days of a previous discharge. In admissions comprising more than one
episode, date of admission was derived from the first episode, and date of discharge from the

last. Table 7 shows the number of admissions accrued by the cohort, by admission type.

Table 7 Cohort level admissions, by type (Source, author)

Admission type Among 1579 Among 1418

L Total
n (% of total admissions) men women
Elective 3798 (73.6) 2664 (75.5) 6462 (74.4)
Emergency 1342 (26.0) 859 (24.3) 2201 (25.3)
Total admissions 5157 3530 8687
Readmissions (<30days) 993 (19.3) 670 (19.0) 1663 (19.1)

Footnote: 24 admissions were by transfer, ie were classified as neither elective nor emergency

Approximately three-quarters of admissions were elective and one-quarter were emergencies;
nearly one in five admissions began within 30 days of a previous discharge. These proportions
held for overall admissions and for each sex separately. Operative procedures were carried out in
91.7% of elective admissions but only in 29.0% of emergency admissions. Across all admissions,

the most common procedures, with the numbers carried out, were: endoscopy of the bladder
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(464), endoscopy of the upper gastrointestinal tract (447), cataract surgery (385), angiography

(350), knee replacement (175), and hip replacement (174).

Figure 12 shows rates of admission by type. In common with the national experience (Section
2.4.3) the most rapid rises were seen in elective day cases, which increased threefold over the

follow-up period.
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Figure 12 HCS admission rate per 1,000 person years, by admission type

(Source, author)

Figure 13 shows the proportion of admissions in each chapter that were treated electively or were
emergencies. Not surprisingly, cancers, musculoskeletal disorders and particularly diseases of the
eye (predominantly cataracts) were treated primarily as elective cases. Higher proportions of
emergencies were seen for injury, and for infectious, respiratory and mental health conditions.
432 admissions, almost all elective, were coded to the final chapter ‘Factors influencing contact
with health services’. Such admissions predominantly represent examinations where no

abnormality was detected, follow-up after treatment, or screening procedures.

Appendix C tabulates the most common diagnostic conditions and procedures by admission type.
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Figure 13 Proportion of elective and emergency admissions, by ICD chapter (Source, author)
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4.5 Descriptive epidemiology of admissions: individual level

This section describes individual’s experience of admissions overall and by admission type. It then

introduces the admission history variables that comprise the outcomes of this research.

45.1 Overall admissions at the individual level

Median length of follow-up was 8.1 years. Of the 2,997 members of the Hertfordshire Cohort
Study, 836 (28%) had no admissions. The remaining 2,161 (72%) participants were admitted to
hospital at least once during the follow-up period: among men, 1,185 (75%) were admitted, and
among women, 976 (69%). This is consistent with the high demand demonstrated among other
cohorts (Section 3.2.5). Figure 14 shows frequency of admission among cohort members (range O-
56 admissions). Almost half had more than one admission: amongst those who were ever
admitted, the median number of admissions was 3 in men (IQR: 1,6) and 2 in women (IQR: 1,5);
admitted cohort members spent a median total of 7 (IQR: 2,19) days in hospital across the follow-

up period.

mMen OWomen

o 1 2 3 4 5 6 7 8 9 10 11 12 13+
Number of admissions

Figure 14 Number of admissions per cohort member (%), by sex (Source, author)

Median time to first admission was 2.6 years from clinic. Among those ever admitted, 70% had
stayed overnight. 429 men (36.2% of admitted men) and 316 women (32.4%) had an admission

lasting more than 7 days.

4.5.2 Admissions by type at the individual level

Binary variables were created within each person’s admission history to indicate whether or not
the participant had ever had an elective admission, ever had an emergency admission, and was

ever readmitted within 30 days of a previous discharge. In addition, to take account of the
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curtailment of admission history by death, and to acknowledge that death represents a health
outcome worse than hospital admission, a further set of variables was derived to indicate
whether or not the participant had ever had an elective admission or died, ever had an emergency
admission or died, and ever been readmitted within 30 days of a previous discharge or died. Table

8 shows the cohort’s experience of these outcomes.

Table 8 Individual level admission outcomes, by type (Source, author)

Outcomes n (%) Men Women All P for gender
(n=1579) (n=1418) (n=2997) difference”
Never any admission 394 (25.0) 442 (31.2) 836 (27.9) <0.001
Never any admission or died 382 (24.2) 433 (30.5) 815 (27.2) <0.001
Ever any admission 1185 (75.0) 976 (68.8) 2161 (72.1) <0.001
Ever any admission or died 1197 (75.8) 985 (69.5) 2182 (72.8) <0.001
Ever elective 1051 (66.6) 882 (62.2) 1933 (64.5) 0.013
Ever elective or died 1105 (70.0) 910 (64.2) 2015 (67.2) 0.001
Ever emergency 608 (38.5) 433 (30.5) 1041 (34.7) <0.001
Ever emergency or died 638 (40.4) 450 (31.7) 1088 (36.3) <0.001
Ever readmission (<30 days) 371 (23.5) 244 (17.2) 615 (20.6) <0.001
Ever readmission (<30 days) or died 458 (29.0) 288 (20.3) 746 (25.1) <0.001
Died 189 (12.0) 86 (6.1) 275 (9.2) <0.001

Footnote:
# Gender differences were assessed using the chi-squared test

Deaths were uncommon and most were preceded by admissions, thus relatively few people were
considered positive for a given admission or death outcome only because they died. For example,
whilst 38.5% of men ever had an emergency admission, 40.4% ever had an emergency admission
or died. Men were more likely to be admitted, had more admissions, stayed longer in hospital,
and were more likely to die than women. They were also significantly more likely to experience

each specific type of admission than women.

Many participants had admissions of more than one type. The next section describes inter-

relations between the admission types, to summarise admission histories for the cohort.

45.3 Admission histories

Figure 15 shows the overlap between the ever elective, ever emergency and ever readmitted
groups from Table 8. Experiencing only emergency admissions was unusual; amongst those who
ever had an emergency admission (bottom left circle), only emergency admissions were
experienced by 198 people and a further 29 who were ever readmitted. Conversely, 363 of those
who ever had an emergency admission also had an elective admission, alongside 451 who also
had an elective admission and were ever readmitted (by either route). Thus, most people (78.2%)

who had an emergency admission also had an elective admission. Of the group who ever had an
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elective admission (bottom right circle), only elective admissions were experienced by 984 people
and a further 135 who were ever readmitted. The majority (58%) had no emergency admission.
By definition, all of the 615 who were ever readmitted (top circle) had experienced either elective
or emergency admission or both. Twenty-nine had only emergency admissions, 135 only elective
admissions and 451 admissions of both sorts. Thus the majority (73%) had both elective and

emergency admissions.

Readmitted within 30
days (21%0o)

984
(33%)

Ever Ever
Emergency Elective
(35%) (65%)

Never admitted 836 (28%)

Figure 15 Summary of admission histories of HCS participants.

Percentages refer to total sample of 2,997 participants (Source, author)

Thus far, Chapter 4 has addressed the first of the research questions posed by Section 3.5: it has
shown how cohort and administrative data can be linked together and, by describing the
epidemiology of hospital admissions within the cohort, demonstrated that this adds value to both
datasets. However, the real value of the combined file derives from the potential to investigate
associations between the prospective measurements made at baseline and participants’
admission histories. Section 4.6 describes how a predictor panel was assembled from the baseline
data to reflect influences on admission identified by Chapter 3; Section 4.7 then defines the

admission outcome variables with which the predictor panel will be compared.
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4.6 Predictor Variables

The UK and international literature synthesised in Chapter 3 suggested that the determinants of
hospital admission can be broadly classified to five domains: demography and anthropometry;
lifestyle; social circumstances; physical function and morbidity. Of these, only morbidity has been
unequivocally linked to each of 30-day readmission, emergency admission and elective admission;
even then, no specific disease has been linked to all admission types (Section 3.3.5). This role of
morbidity or ‘need’ as the primary risk factor for the utilisation of healthcare has long been
acknowledged (Andersen and Newman, 1973) and is intuitively believable; demography and
anthropometry; lifestyle; social circumstances; and physical function are known influences on
healthy ageing that the literature review suggests may have an effect on hospitalisation
independent of their effect on morbidity (Section 3.4). To investigate their individual and
combined effects, a panel of 25 predictor variables was selected from the HCS database that

included measures representative of each domain.

4.6.1 The predictor panel

Table 9 lists the variables selected from those available in HCS and is followed by a justification
for including each in turn. A brief outline is also provided of how each was ascertained; more

technical information is given in Section 4.8.1 and Table 11.

Table 9 Predictor panel domains and variables (Source, author)

DaenTI?rgc:::::etar':/d Lifestyle Social circumstances
Age Smoking history Social class
Height Alcohol intake Relationship status
Weight Physical activity Housing tenure
Body mass index
Physical function Morbidity
Grip strength Ischaemic heart disease
Physical function (SF-36) Stroke
Walking speed Hypertension
Fall history Diabetes

Fracture history
Osteoarthritis (hand)
Self-rated health
Depression
Anxiety
Bronchitis
Medication
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4.6.1.1 Demography and anthropometry

Variables selected for inclusion in this domain were age, height, weight, and BMI; all were
analysed as continuous variables. Sex was not included; instead, separate analyses were carried

out for men and women.

Age

Section 3.3.5 noted that, among older cohorts such as HCS, chronological age is not consistently
associated with risk of admission: this may be due to a mismatch between chronological and
biological ageing (Cox et al., 2014). Age was nevertheless included in the predictor panel to

control for any potential confounding influence.

Measures of body size: height, weight, body mass index

BMI combines measures of height and weight to provide a marker of adiposity; a recognised risk
factor for chronic disease, notably Type 2 Diabetes and cardiovascular disease (Melzer et al.,
2012). Increased BMI has been associated with all admissions in women (Reeves et al., 2014) and
serious admissions in both sexes (Hanlon et al., 2007; Luben et al., 2016); low BMI has also been
linked to increased risk of admission (Damush et al., 2004; Hart et al., 2007; Lawlor et al., 2007).
Evidence specific to admission type is sparse; BMI was therefore included in the predictor panel
although recognised as an imperfect marker of adiposity, especially among older people in whom

declining muscle mass may change the ratio of lean mass to fat (St-Onge, 2005).

Given the limitations of BMI, its components, height and weight, were also included in the predictor
panel, although Chapter 3 found no previous evidence that either act as direct risk factors for
admission. In addition to the variables described, a sex-specific standardised residual of weight-
adjusted-for-height was calculated for inclusion with height in regression models, in order to
avoid complications resulting from collinearity between height and weight (correlations between
height and weight were r=0.44, p<0.001 for men and r=0.32, p<0.001 for women in the HCS
baseline clinic sample (Sayer et al., 2006)). The height and weight of each participant were

measured once in clinic using a Harpenden stadiometer and portable Seca scale respectively.

4.6.1.2 Lifestyle

Selected markers were smoking, alcohol intake and physical activity.

Smoking

As the literature review shows, smoking has been linked to risk of any and of serious admission in

a number of cohort studies (Hanlon et al., 1998; Hanlon et al., 2007; Luben et al., 2016), but may
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be outweighed by other risk factors (lloabuchi et al., 2014). Smoking was first linked to lung
cancer and heart disease in the 1950s and since then unequivocal evidence has accrued that it is
harmful to health. Although those aged 60 and over have the lowest smoking prevalence of any
age group (Health and Social Care Information Centre, 2014b), many are ex-smokers rather than
never smokers (Melzer et al., 2012); indeed because of their age, many have had long exposures.
Investigation of smoking as a risk factor specific to elective admission, emergency admission and
30-day readmission is therefore justified. Smoking status was ascertained during the HCS home
interview and included in the predictor panel as a dichotomised variable: a history of ever versus
never having smoked regularly. Although this approach under-used information about the
amount and duration of exposure to smoking, it was taken because of perceived inconsistencies

in the self-reported information about cessation of smoking.
Alcohol

Health risks associated with alcohol are more nuanced. High consumption is undoubtedly
hazardous to health, but opinion differs over whether a J-shaped curve sometimes observed with
mortality suggests moderate amounts are beneficial or represent a ‘healthy drinker’ effect
(Melzer et al., 2012). The findings of the literature review accord with this uncertainty: only heavy
(Hart and Smith, 2008), ex- (Hanlon et al., 2007), and non- (Chavez et al., 2016) drinkers were
found to be at increased risk of admission. It has been argued that changed body composition at
older ages should lead to a lowering of recommended limits among older people (Melzer et al.,
2012), although they are the group least likely to report exceeding the current recommendations.
Inclusion of alcohol consumption in the predictor panel could help to inform this debate. It was
ascertained in HCS at home interview and categorised to high or not high according to the UK
guidelines that were advised at that time: high was defined as 22 or more units per week for men

and 15 or more units per week for women.

Physical activity

There is strong evidence that people aged 65 years and over who are physically active have higher
levels of cardio-respiratory fitness and physical function, improved disease risk-factor profiles and
lower incidence of numerous chronic non-communicable diseases than those who are inactive
(Department of Health, 2011). Evidence linking a failure to reach recommended levels of physical
activity to increased risk of admission (Hanlon et al., 2007) has been contradicted by mutually
adjusted analyses (Simmonds et al., 2014a; Fisher et al., 2016); thus the inclusion of a physical
activity variable in the predictor panel could provide additional evidence. Objective measures,
such as accelerometry, are difficult to implement in large cohorts (Hills et al., 2014); physical

activity was therefore assessed cohort-wide in HCS by incorporating the Dallosso customary
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physical activity instrument (Dallosso et al., 1988) in the home interview questionnaire. This tool
classifies current customary level of productive activity, indoors and outdoors, by a score in the
range 0-100, higher values representing more active lifestyles. The score was treated as a

continuous variable.

4.6.1.3 Social circumstances

Variables selected to characterise social circumstances were social class, relationship status and

home ownership.

Social class

Chapter 3 reported strong evidence that social status and deprivation are associated with
hospitalisation, with a suggestion that the direction of association differed by admission type;
more serious categories of admission being predicted by low socioeconomic status and elective
admission by higher status (McCartney et al., 2013). As previously in HCS, occupational social class
was selected as a predictor panel variable (Syddall et al., 2005a). Occupation affects health
through multiple mechanisms: income, which determines material living standards; social
standing, which may affect access to healthcare; social networks and hierarchies, through their
impact on psychosocial processes; and environmental exposures, which may directly cause
disease (Galobardes et al., 2006). Although occupationally-based social class is widely used,
whether it adequately indexes current social circumstances among the retired has been
questioned (Galobardes et al., 2006). It was included in the predictor panel to further investigate
its relative effect on hospitalisations of different types. Occupation was ascertained during the
HCS home interview and coded from the 1990 OPCS Standard Occupational Classification (SOC90)
unit group for occupation (Office of Population Censuses and Surveys, 1990) using computer
assisted standard occupational coding (Elias et al., 1993). Current social class was obtained from
own current or most recent full-time occupation for men and never-married women, and from
husband’s occupation for ever-married women (Arber and Ginn, 1993). Social classes I, Il and IIIN

were considered to represent non-manual; and llIM, IV and V manual occupations.

Relationship status

Differing life expectancies between men and women result in divergent marital status in later life:
at age 80-84 more than half of men but only 1 in 5 women remain married as widowhood
becomes more common in both sexes (Arber and Ginn, 2005). Marriage and other forms of
partnership are advantageous to the living arrangements, financial wellbeing and social
relationships of older people; those who are married have a mortality rate half that of the

widowed and divorced, and one third that of the never-married (Gjonca and Marmot, 2005).
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Increased rates of hospitalisation have been reported among those who are unmarried (Hu et al.,
2014), but may not apply equally to both sexes (Walsh, 2014). In HCS, relationship status was
ascertained at home interview and a dichotomous variable was created to distinguish those who
had ever married from those who had not. Although more detailed information was available at
baseline, it may not have reflected experience across the lifecourse, and was liable to change
during the follow-up period. Therefore, although being never-married is unusual (under 10% of
older people fall into this group (Arber and Ginn, 2005)), it was considered a more meaningful

prospective variable than baseline relationship status.

Housing tenure

Owning, rather than renting, one’s home is known to predict favourable longevity and health
independent of age, sex, income and social class (Macintyre et al., 2001). Few studies have
considered housing tenure as a risk factor for hospitalisation, though univariate analyses among
working-age people in Scotland reported an association with serious admission (Hanlon et al.,
2007). Being an owner-occupier may be less discriminatory in old age if people move into
residential or sheltered housing (Robards et al., 2014); nevertheless from a lifecourse perspective,
and among young-old cohorts such as HCS, tenure provides a useful indication of accumulated
advantage through life (Galobardes et al., 2006). Housing tenure was ascertained at home

interview in HCS and dichotomised for analysis to owned/mortgaged versus not.

4.6.1.4 Physical function

Grip strength, walking speed, self-reported capability and history of falls were selected to

characterise varying aspects of physical function.

Grip strength

Grip strength is strongly associated with ageing; it is normal to lose muscle mass and strength in
later life (Dodds et al., 2014). Grip is a powerful, independent predictor of disability, morbidity
and mortality (Sayer and Kirkwood, 2015), and whilst none of the studies reviewed in Chapter 3
considered it as a potential predictor, low grip strength has been associated with self-reported
hospitalisation in the US and Europe (Cawthon et al., 2009; Chan et al., 2014; Legrand et al.,
2014). The associations of grip strength with hospitalisation in HCS have been reported separately
(Simmonds et al., 2015); it was included in the predictor panel to assess its effect relative to other
risk factors. It was measured 3 times for each hand at the HCS baseline clinic using a Jamar
handgrip dynamometer (Roberts et al., 2011); the maximum value was treated as a continuous

variable in analyses.
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Physical function (SF-36 PF)

Difficulties in performing activities of daily living increase with age and are common in later life:
for example, amongst those aged 65 or more who took part in the 2001/2 wave of the General
Household Survey, 22% of men and 39% of women reported that they found it difficult or
impossible to manage stairs without help (Evandrou, 2005). Literature examining the risk of
admission attributable to physical function has typically been concerned with severely
compromised function, such as ADL limitations (Garcia-Perez et al., 2011; Pedersen et al., 2017). A
more discriminatory approach is required to assess the range of physical function in young-old
community-dwelling populations such as HCS: the short-form 36 (SF-36) instrument was therefore
included in the home interview questionnaire (Ware et al. 2000) and the degree to which health
limits a range of activities was derived from its physical function subscale (SF-36 PF). Scores were
dichotomised for analysis, participants in the lowest sex-specific fifth of the overall distribution of
SF-36 PF at baseline (<75 for men, <60 for women) being classified as having ‘poor’ physical
function. Higher SF-36 PF scores have been associated with reduced rates of emergency

admission in the US (Damush et al., 2004).
Walking speed

Walking without difficulty is important to independence. In the UK 39% of men and 47% of
women aged 65 or over report difficulty in walking % mile, the main causes being pain in the leg
or foot, shortness of breath and (among the oldest groups) balance problems and fatigue (Melzer
et al., 2012). Slow measured gait speed (<1m/s) has been associated with risk of overnight
admission or major day case procedure in the US (Cesari et al., 2009). In HCS, walking speed was
ascertained in two ways: by objective measurement in clinic and by self-report. The self-reported
ordinal variable was preferred for inclusion in the predictor panel because it was available for all
participants, whilst gait speed measurement, which was introduced mid-way through the
fieldwork, was not. The subjective measure has been validated against measured gait speed in

those for whom both metrics were available (Syddall et al., 2015).
History of falls

Falls become more common with advancing age: in the English Longitudinal Study of Ageing 27%
of those aged 60 or more reported having one or more in the previous year (Melzer et al., 2012).
Whilst falls may be a cause of admission in their own right, most commonly among women aged
over 65 (Health and Social Care Information Centre, 2011), they do not always result in serious
injuries and may go unreported. History of falls was included in the predictor panel to identify

failing physical function. Falls were ascertained at the HCS baseline home interview, but the
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question, like gait speed measurement, was introduced in mid-study and data are available for

only 866 men and 1,282 women.
4.6.1.5 Morbidity

Baseline markers of disease were selected for inclusion in the predictor panel to reflect the
common chronic conditions listed in Table 1, whether or not they had been previously associated
with admission. The markers chosen, described below, were IHD, stroke, hypertension, diabetes,
history of fracture, hand osteoarthritis, depression, anxiety and bronchitis, all of which were
analysed as binary variables according to their presence or absence. In addition, self-rated health,
and number of body systems for which medication was taken, were included as measures of
overall health. Due to the relatively young age of the cohort at baseline, neither frailty nor

cognitive function was assessed.
Ischaemic heart disease

Ischaemic heart disease is an umbrella term covering acute events such as myocardial infarction
(MI) and chronic forms including angina and atherosclerotic disease. It is also known as coronary
heart disease (CHD). Its prevalence increases sharply with age (Table 1). Those who survive with
IHD frequently require revascularisation procedures such as percutaneous coronary intervention
or coronary artery bypass graft: IHD accounted for 3.4% of all inpatient episodes in men and 1.4%
in women in England in 2010/11, among patients of all ages (Townsend et al., 2012). Markers for
IHD have been associated with any and serious admission in Scotland (Hanlon et al., 1998; Hanlon
et al., 2007). HCS participants were considered to have IHD at baseline if major Q waves were
identified on the ECG examination conducted in clinic (Prineas et al., 1982), if they reported
typical angina on the Rose Chest Pain questionnaire administered at home interview (Rose, 1965),

or had had a previous coronary artery bypass graft.
Stroke

Stroke is the consequence of an interruption to the flow of blood to the brain either by blockage
or bleeding. The effects vary in severity from a passing weakness or tingling of a limb to paralysis
or coma. As with IHD, case fatality is high: 17.1% of men and 24.7% of women of all ages died
within 60 days of suffering a stroke in England in 2006 (Townsend et al., 2012). In addition to
emergency care aimed at optimising outcomes, stroke survivors frequently require lengthy
periods of rehabilitation, ideally in a specialist unit. Stroke accounted for 1.3% of all inpatient
episodes in men and 1.1% in women in England in 2010/11, among patients of all ages (Townsend
et al., 2012). Previous history of doctor-diagnosed stroke was ascertained at home interview in

HCS.
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Hypertension

Blood pressure generally increases through life and is strongly related to cardiovascular disease
(which includes IHD and stroke) and mortality (Melzer et al., 2012). It was shown to be a risk
factor for any and serious admission in Scotland (Hanlon et al., 1998; Hanlon et al., 2007).
Participants whose blood pressure in clinic was 160/100 or higher, and those who reported taking

regular antihypertensive medication were considered to be hypertensive at baseline.
Diabetes

Susceptibility to Type 2 diabetes increases with advancing age as declining physiological function
impairs regulation of blood sugar (Townsend et al., 2012). The condition is widely
underdiagnosed, with evidence suggesting that 2% of those aged 70-84 and 5% aged 85 or more
have undiagnosed diabetes (Melzer et al., 2012). Prospectively measured raised blood sugar levels
have been associated with risk of any and serious admission in Scotland (Hanlon et al., 1998). In
HCS, participants who reported that they suffered from diabetes and gave evidence of medication
to control it were considered to be diabetic at baseline, along with those in whom the fasting oral

glucose tolerance test carried out in clinic reported a 2h plasma glucose level of 211.1 mmol/I.
History of fracture

Risk of fracture depends on the strength of bones and the forces applied to them, weaker bones
breaking with lower levels of trauma. Bone strength and density decline from the age of around
35 as part of the normal ageing process (Harvey et al., 2014); osteoporosis is defined as a bone
density of 2.5 standard deviations below that of a young adult, measured by Dual-energy X-ray
Absorptiometry (DXA) (NHS Choices, 2017). It characteristically results in fractures at the wrist,
hip and spine, although other bones may be affected. Osteoporosis is very common: diagnostic
imaging shows 50% of people to be affected by the age of 75, though not all will sustain fractures
as a result. Women are at greater risk than men, because their bones are smaller overall, and loss
is accelerated around the menopause due to hormonal change. The healthcare burden resulting
from fractures is substantial: wrist (or Colles’) fractures occurring in middle-age tend to be the
first indication of osteoporosis, and although they heal successfully, should be followed by bone
densitometry assessment and preventive treatment. Spine and hip fractures tend to occur at
older ages, and can result in dramatically increased care needs (National Osteoporosis Society,
2014). DXA scanning is available for only around one third of HCS participants, whilst history of
fracture since 45 years of age was ascertained cohort-wide at the HCS baseline home interview.
Minor trauma fractures were identified from the information provided and the variable was

included in the predictor panel.
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Osteoarthritis (hand)

Osteoarthritis (OA) of the hand is characterised by bony swellings in the finger joints called
Bouchard’s and Heberden’s nodes. They result primarily from an inflammatory form of the
disease, although swelling at the base of the thumb can have degenerative origins. The condition
is more common in women than men (Arthritis Research UK, 2015). Although the hand is the
affected site in only one sixth of those seeking treatment for arthritis, it is of interest because
hand OA in middle age is known to be associated with later knee OA, and because of a known
correlation between Heberden’s nodes and generalised OA (Arthritis Research UK, 2015). It was
included in the predictor panel as a marker of bone health because, unlike other forms of the
disease, ascertainment of hand OA requires no medical imaging. In HCS the hands were examined
by a physician at the baseline clinic, and osteoarthritis diagnosed if Heberden’s or Bouchard'’s
nodes were present, or there was any squaring at the base of the thumb. Observations were

available on the whole cohort, whereas diagnostic imaging for knee OA was limited to a subset.

Self-rated health

Self-rated health is assessed using a single, subjective, non- time-specific question about health
status that invites a graded response, very similar to the question used to calculate healthy life
expectancy at the population level (Section 2.1.2). Quite what is captured is debatable: it is known
that people habitually overestimate their own health in relation to others’ and that women rate
their health lower, on average, than men (Pinquart, 2001). A weak correlation with age suggests
that individuals adjust for age in considering their response (Fayers and Sprangers, 2002).
International research shows SRH to be independently associated with specific health problem:s,
use of health services, changes in functional status, recovery from episodes of ill health, mortality,
sociodemographic characteristics and multimorbidity (Pinquart, 2001; Bowling, 2005). Specific
associations of low SRH have been demonstrated with serious (Hanlon et al., 2007) and multiple
(Kennedy et al., 2001) admissions. Self-rated health was derived from the first question of the SF-
36 instrument in HCS. The five response categories (Poor, Fair, Good, Very good and Excellent)
were analysed either as an ordinal scale or dichotomised by combining the top 3 categories (good
or better health) and the bottom 2 (not good health). It was included in the predictor panel as a

marker of overall health status.

Depression and Anxiety

Depression and anxiety both decline in prevalence with increasing age, though there is some
evidence of a cohort effect, with higher prevalence in later-born generations (Melzer et al., 2012).

Social isolation is common in the older population and may be an independent risk factor for
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depression. Other psychiatric disorders are rare among older people (Melzer et al., 2012). The
relation between depression and readmission is unclear (Marcantonio et al., 1999; lloabuchi et
al., 2014; Davydow et al., 2015), though collectively, mental health conditions have been found to
have a smaller effect on risk of emergency admission than do physical conditions (Payne et al.,
2013). Mental health was assessed in HCS using the Hospital Anxiety and Depression Scale (HAD).
This produces scores in the range 0-21 for each condition; probable or definite anxiety or

depression were defined as a score of 8 or more on the appropriate scale. (Bjelland et al., 2002)

Bronchitis

Chronic bronchitis is defined as the presence of cough and sputum production for at least 3
months in each of the past two consecutive years. For epidemiological purposes, it is a proxy for
Chronic Obstructive Pulmonary Disease (COPD). In the UK COPD is directly related to the
prevalence of tobacco smoking, though other air pollutants may contribute. Age is a recognised
risk factor, but this likely results from cumulative exposure through life rather than the ageing
process per se (Vestbo, 2013). Bronchitis at HCS baseline was ascertained from the home
interview questionnaire and the variable was included in the predictor panel to ensure a range of

disease coverage.

Medication

The use of medication among older people is associated with prevalence of chronic disease and
with multimorbidity; a linear relationship has been described between number of medications
and risk of emergency admission (Wauters et al., 2016). HCS participants were asked to present
prescribed and over-the-counter medications they were taking at baseline to the nurse-
interviewer; the latter were included to capture conditions that had not yet come to clinical
attention. Details were transcribed from the packaging and subsequently coded to body system
using the British National Formulary, to create a count of number of systems medicated. This
avoided double-counting conditions which require multiple medications. The continuous variable

was included in the predictor panel to stand proxy for overall burden of disease.

4.6.2 Cohort characteristics

Table 10 shows summary measures of the 25 predictor panel variables in HCS participants at
baseline. The mean age of men was slightly lower than that of women: 65.7 (SD 2.9) years
compared with 66.6 (SD 2.7); first because the tracing process took longer in women who had
changed their name at marriage; and secondly, because fieldwork was phased to provide single-

sex clinics.
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Table 10 Characteristics of Hertfordshire Cohort Study participants at baseline

(Source, author)

. Men Women P for gender
Variable n (%) (n=1579) (n=1418) difference
Demography and anthropometry

Age (yrs)* 65.7 (2.9) 66.6 (2.7) <0.001

Height (cm)* 174.2 (6.5) 160.8 (5.9) <0.001

Weight (kg)* 82.4 (12.7) 71.4 (13.4) <0.001

BMI (kg/m?)* 27.2 (3.8) 27.6 (4.9) 0.998
Lifestyle

Ever smoked regularly 1059 (67.1) 553 (39) <0.001

High alcohol intake++ 340 (21.5) 68 (4.8) <0.001

Activity score* 60.9 (15.3) 59 (15.7) <0.001
Social circumstances

Social class (manual) 908 (59.3) 827 (58.4) 0.602

Relationship status (never married) 109 (6.9) 74 (5.2) 0.054

Housing tenure (not homeowner) 299 (18.9) 313 (22.1) 0.033
Physical function

Grip strength (kg)* 44.0(7.5) 26.5 (5.8) <0.001

Low physical function SF36™** 316 (20.0) 301 (21.2) 0.417

Walking speed (self-reported) Very slow 76 (4.8) 97 (6.8)

Stroll 375 (23.8) 285 (20.1)

Normal 625 (39.6) 638 (45) <0.001
Brisk 432 (27.4) 319 (22.5)

Fast 69 (4.4) 79 (5.6)

Fall in past year*** 124 (14.3) 289 (22.5) <0.001
Morbidity

Ischaemic heart disease 225 (14.6) 127 (9.2) <0.001

Stroke 79 (5.1) 39(2.8) 0.001

Hypertension 630 (40) 577 (40.8) 0.644

Diabetes 232 (14.9) 199 (14.3) 0.675

Any fracture since 45yrs age 213 (13.5) 298 (21) <0.001

Osteoarthritis (hand) 389 (28) 741 (53.6) <0.001

Self-rated health Poor 20 (1.3) 21 (1.5)

Fair 162 (10.3) 196 (13.9)
Good 600 (38) 620 (43.9) <0.001
Very good 593 (37.6) 455 (32.2)
Excellent 202 (12.8) 120 (8.5)

HAD-depression (probable/definite) 76 (4.8) 85 (6.0) 0.152

HAD-anxiety (probable/definite) 232 (14.7) 355 (25.1) <0.001

Bronchitis 92 (5.8) 69 (4.9) 0.244

Number of systems medicated* 1.0 (0.0, 2.0) 1.0 (1.0, 2.0) 0.004
Footnotes:

*  Mean (SD) of normally distributed variables * Median (lower quartile, upper quartile) of skewed variables

+  >22 units/week in men; = 14 units/week in women (guidelines at baseline)

++ <75 for men, <60 for women on SF-36 PF domain (lowest sex-specific fifth of distribution)

+++ The question on falls was introduced mid-study; data are available for 2148 people

#  Gender differences were assessed using the chi-squared test for binary and categorical variables; t-tests for
normally distributed continuous variables; the Wilcoxon rank-sum test for age; and Poisson regression with robust
variance estimation for number of systems medicated
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Key characteristics among the cohort have been compared with data collected by the nationally
representative Health Survey for England (HSE) during the late 1990s, contemporaneous with the
HCS baseline (Syddall et al., 2005a). HCS participants were found to be broadly comparable to
those in HSE, with some notable differences. In particular, HCS participants were taller, were less
likely to be in the extremes of the socioeconomic distribution, had better self-rated health (SF-36),
and the women were less likely to be current smokers or heavy drinkers than women in HSE
(Syddall et al., 2005a). This healthy participant effect is usual among cohort studies and is
acknowledged (Section 4.9.1). As well as the question over the representativeness of HCS to
people of their generation in England, the existence of cohort effects (Section 4.2.2) also raises

questions over the representativeness of the HCS generation to those that follow it.

Some gender differences are apparent in Table 10. Among the physical function variables, men
were stronger than women, had better physical function and were less likely to have fallen, all of
which would be expected. Baseline morbidity data demonstrate sex differences consistent with
those shown in Table 1 for most of the variables considered: higher rates of IHD, stroke, and good
or better SRH were seen in men; conversely, women had higher rates of fracture, hand OA,
depression and anxiety. Rates of hypertension and diabetes were similar in cohort men and
women, though Table 1 suggests that nationally, these conditions are more common in men at
ages 65-74. These differences may result from between-study variations in method of
ascertainment or classification of the disorders; there is no evidence that the healthy participant

effect in HCS differs by sex (Syddall et al., 2005a).

4.7 Outcome variables

Section 2.4 of this thesis described a number of differences between 30-day readmission,
emergency admission and elective admission, and suggested that these amount to a gradient in
‘seriousness’ across the admission types. Section 3.3 reviewed evidence suggesting that risk
factors for admission also vary by type. To investigate the determinants of type-specific admission
within HCS, the admission histories of participants that were outlined in Section 4.5.3 were
grouped to identify three admission outcomes for study (Figure 16): ever readmitted within 30
days of a previous discharge (striped); emergency admission (dark grey) and only elective

admission (light grey). Each of these is addressed by a separate scientific paper (Chapters 5-7).

Deaths were a complicating factor, because they were considered a more serious outcome than
admission of any type. Incorporation of deaths within each analysis was guided by this concept of

seriousness and is discussed in Sections 4.8.2.1 - 4.8.2.3.
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Readmitted within 30
days (615)
Key:
| | |Readmitted
- Emergency
Elective
Ever Only
Emergency Elective
(1041) (1119)
Never admitted (836)

Figure 16 Admission outcomes

(Source, author)

4.8 Statistical methods

This section provides an overview of the statistical methods employed by this thesis; for predictor
panel variables, these were consistent throughout (Section 4.8.1). Associations with each
outcome were investigated using a common analytical strategy (Section 4.8.2); thereafter,
different methods were necessitated for each admission outcome. Similarities and differences
between them are summarised in Section 4.8.2.1 - 4.8.2.3; the papers themselves should be

consulted for full details of each analysis.

To take account of sex differences in the predictor panel variables (Table 10), all analyses were

carried out for men and women separately, using Stata (Release 13) (StataCorp, 2013).

4.8.1 Predictor variables

Table 11 summarises how the variables selected for inclusion in the predictor panel (Section 4.6)

were measured and prepared for analysis.

The normality of continuous predictor variables was assessed using visual inspection of

histograms. Age, height, weight, BMI, activity score and grip strength were normally distributed;
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Table 11 Ascertainment and categorisation of predictor variables

Domain/variable Ascertainment Categorisation

Demography and anthropometry

Age Clinic Self-reported, confirming detail from birth register

Height Clinic Harpenden pocket stadiometer

Weight Clinic SECA floor scale Recorded to the nearest 0.5kg

Weight for height Derived for inclusion in regression models with height

BMI (kg/m?) Derived for inclusion in predictor panel

Lifestyle

Smoking history Home Self-reported Dichotomised to ever vs never smoked regularly

Alcohol intake Home Self-reported Dichotomised to high (222 units per week in men and 215

units per week in women) or not high

Physical activity Home Self-reported using Dallosso customary physical activity Score coded to range 0-100
questionnaire!

Social circumstances

Social class Home Self-reported occupation(s), coded to 1990 Standard Own current or most recent occupation; husband’s current
Occupational Classification? using computer assisted or most recent occupation for ever-married women.
standard occupational coding® Dichotomised to non-manual (I,I1,11IN) vs manual (IlIM,IV,V)

Relationship status Home Self-reported Dichotomised to ever vs never married

Housing tenure Home Self-reported Dichotomised to owned/mortgaged home vs not

Physical function

Grip strength Clinic Jamar handgrip dynamometer, 3x per hand using Best of 6 measurements used to characterise maximum
Southampton protocol* muscle strength

SF36 physical function Home Self-reported using SF-36 HRQoL questionnaire® Dichotomised to low (bottom 1/5 of HCS sex-specific

distribution; <75 for men and <60 for women) or not low
Walking speed Home Self-reported ordinal measure of walking speed
Fall in past year Home Self-reported; data are available for 2148 people
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...Table 11 continued

Domain/variable

Ascertainment

Definition /categorisation

Morbidity
Ischaemic heart
disease

Stroke or TIA
Hypertension

Diabetes

Fracture since age 45y
Osteoarthritis (hand)

Self-rated health
Depression

Anxiety
Bronchitis

Number of systems
medicated

Clinic
Home
Home
Home
Clinic
Home
Clinic
Home
Home
Clinic

Home
Home

Home

Home
Home

ECG, graded to Minnesota protocol®

Self-reported using Rose chest-pain questionnaire’
Self-reported history of coronary revascularisation
Self-reported

Dinamap model 8101, mean of 3 resting BP readings
Self-reported prescribed and over-the-counter medications
2h fasting oral glucose tolerance test

Self-reported diabetes diagnosis

Self-reported

Clinical examination

Self-report using SF-36 HRQoL questionnaire®

Self-report using Hospital Anxiety and Depression survey
instrument®

Self-report using Hospital Anxiety and Depression survey
instrument?®

Self-reported symptoms

Self-reported prescribed and over-the-counter medications

Presence of major Q waves — OR -IHD defined by report of
typical angina — OR -IHD defined by history of coronary
artery bypass graft or angioplasty

Measured BP >160/100 mmHg

- OR - Prescribed medication known to affect BP

2h plasma glucose 211.1mmol/I (WHO criteria®) - OR -
Existing diet, tablet or insulin treatment regime

Heberden’s or Bouchard’s nodes present, or squaring at base
of thumb

Score 28 = probable or definite
Score 28 = probable or definite
Productive cough most days for > 3 months of the year

Coded to physiological system using the British National
Formulary

Footnotes: 1. Dallosso, H.M., Morgan, K., Bassey, E.J., Ebrahim, S.B.J., Fentem, P.H. and Arie, T.H.D. (1988) Levels of customary physical activity among the old and the very old living at home. J
Epidemiol Community Health, 42, 121-127; 2. Office of Population Censuses and Surveys (1990) Standard occupational classification, Vol 1 structure and definition of major, minor and unit
groups. London: HMSO; 3. Elias, P., Halstead, K. and Prandy, K. (1993) Computer assisted standard occupational coding. H.M. Stationery Office; 4. Roberts, H.C., Denison, H.J., Martin, H.J., Patel,
H.P., Syddall, H., Cooper, C. and Sayer, A.A. (2011) A review of the measurement of grip strength in clinical and epidemiological studies: towards a standardised approach. Age Ageing, 40 (4),
423-429; 5. Ware, J.E. (2000) SF-36 health survey update. Spine, 25 (24), 3130-3139; 6. Prineas, R.J., Crow, R.S. and Blackburn, H.W. (1982) The Minnesota code manual of electrocardiographic
findings: standards and procedures for measurement and classification, 2nd ed. London: Springer; 7. Rose, G.A. (1965) Chest pain questionnaire. Milbank Mem Fund Q, 43 (2), 32-39; 8. World
Health Organization (1999) Definition, Diagnosis and Classification of Diabetes Mellitus and its Complications: Report of a WHO Consultation. Part 1: Diagnosis and Classification of Diabetes
Mellitus. Geneva; 9. Zigmond, A.S. and Snaith, R.P. (1983) The hospital anxiety and depression scale. Acta Psychiatr Scand, 67 (6), 361-370.
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positive skewness was detected in number of systems medicated (data heaped at lower number
of systems medicated). Normally distributed continuous variables were summarised using means
and standard deviations; for those that were skewed, medians and inter-quartile ranges (IQR)
were used. Categorical variables were summarised by frequency and percentage distributions

(Altman, 1999).

4.8.2 Analysis strategy

Each of the following three chapters comprises a freestanding scientific paper that compares the
predictor panel with one admission history outcome using a common four stage regression
modelling process, the design of which was informed by the conceptual framework proposed by
Figure 6. The first stage explores univariate associations between the admission outcome and
variables representing demography and anthropometry; lifestyle; and social circumstances;
variables which were placed distal to admission by Figure 6. Significant variables are carried
forward to a second, mutually adjusted stage, allowing for interrelationships represented by
dotted lines in Figure 6. The third stage examines associations between the admission outcome
and variables representing physical function and morbidity; variables that were placed proximal
to admission by Figure 6, with adjustment for variables found to be significant at stage 2. Finally,
the physical function and morbidity characteristics most strongly associated with the admission
outcome at stage 3 are included in a mutually adjusted model with the variables representing
demography and anthropometry; lifestyle; and social circumstances that were influential at stage
2. Thus the most important risk factors for each admission type are identified. In each paper,
McFadden’s pseudo R-squared (McFadden, 1974) is calculated for the mutually adjusted models

presented at stages 2 and 4, to contrast the extent of variance explained.

Whilst the four-stage process is replicated across the three papers, the statistical technique
applied to derive estimates of association and the method of accounting for death differs from
paper to paper. Although rates were low (12% of men and 6.1% of women died during follow-up),
the inclusion of mortality data for cohort members required careful consideration. Death during
follow-up ended the possibility of admission in people whose risk would otherwise have been
high; clearly such individuals were different from people whose risk was low due to favourable
health. It was important in all analyses to avoid including these high risk individuals who had not
experienced an admission because they died in a comparator group with others who had not
experienced that type of admission; because differing risk factor profiles within the comparator

group could mask associations with the outcome of interest. It was also important to account for
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any reduction in admissions due to mortality. Treatment of death in the analyses is elaborated in

Sections 4.8.2.1-4.8.2.3

4.8.2.1 Readmissions paper

The readmissions paper takes ever having a 30-day readmission or dying as its outcome. The
analysis contrasts those who were ever readmitted (striped section of Figure 16) or died and
those who were not (ie the rest of the cohort, regardless of admission history) by applying Poisson
regression models with a robust variance estimator to the common analysis strategy. This
technique produces an estimate of relative risk, and is particularly suitable when the measured
outcome is not rare (Barros and Hirakata, 2003). Multiple-failure survival modelling techniques
were unsuited to this outcome due to difficulties in defining time at risk of 30-day readmissions

after the first.

4.8.2.2 Emergency admissions paper

The emergency admissions paper considers time to emergency admission or death as its
outcome. This is analysed by applying the Prentice Williams and Peterson total time (PWP-TT)
model to the common analysis strategy. This technique was chosen because it captures
information from every emergency admission that a cohort member experiences rather than just
the first; reflects increasing risk with accumulated admissions for an individual; excludes time
spent in hospital as time at risk of admission and recognises that times to admission are
correlated within an individual’s admission history. The estimate of association produced is a
hazard ratio (Castaneda and Gerritse, 2010). In many ways this multiple-failure survival technique
represents a gold-standard for the analysis of hospital admisions within a defined period
(Westbury et al., 2016). It was particularly suited to the analysis of the emergency admission or
death outcome, because whilst time spent in hospital during elective admissions in an individual’s
history was excluded from time at risk of emergency admission, being less ‘serious’, elective

admissions could be otherwise ignored.

48.2.3 Multinomial paper

The final paper, in which predictors of elective admission are explored, is referred to in shorthand
as the multinomial paper. It compares risk of three outcomes: never being admitted; having only
elective admissions (light grey section of Figure 16), and ever having an emergency admission
(dark grey section of Figure 16) or dying. It applies multinomial logistic regression models to the
common analysis strategy in recognition that elective admission represents an outcome
intermediate in ‘seriousness’ to the other two. The estimate of association produced is a relative

risk ratio. The PWP model was less suited to the elective admission outcome because many
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people who had elective admissions also had more ‘serious’ emergency admissions; background
emergency admissions could not be ignored, because their risk factor profile might dominate the
analysis making it unclear whether associations identified resulted from emergency or elective

admission.

The relative strengths and weaknesses of the three techniques are discussed in Section 8.5.3.

4.9 Sample attrition

4.9.1 Healthy participant effect

Section 4.6.2 acknowledged the existence of a healthy participant effect in HCS, showing that
cohort members were less likely than HSE participants to be in the extremes of social class, were
taller and had better self-rated health; HCS women were also less likely to be current smokers or

heavy drinkers, although the absolute differences were small (Syddall et al., 2005a).

The effect of attrition between births listed in the ledgers and baseline clinic (Figure 8) has been
addressed by comparing people who progressed at each stage with those who did not. For
example, birthweight and weight at one year were shown to be similar in those who had a home
interview and those who were invited to do so but declined; men and women who attended clinic
were shown to smoke less, and have better self-reported physical function and general health
than those who participated in the home interview but declined the invitation to clinic (Syddall et

al., 2005a)..

This healthy responder effect is apparent in the generally lower rates of admission in the cohort
than in England (Chapter 2), and by the lower ratio of episodes to admissions (Section 4.4.1).
Patterns also differ by type: for example, the finding that approximately one quarter of
admissions were classified as emergencies among HCS participants contrasts with the national
figure of 35% at all ages; especially since older people (such as the HCS participants) are known to
have higher rates of emergency admission on average (Blunt et al., 2010). However, the
associations described in this thesis are based on internal comparisons and, notwithstanding the
caveat that they may not be generalisable to the national level, are unlikely to be affected by a

healthy responder effect.

4.9.2 Loss to follow-up

Reliable certification of death has a long history in the UK (Devis and Rooney, 1999); figure 9

shows that just 13 participants were lost to follow-up for reasons other than death. Minimal
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attrition was assured by using only routinely collected data for follow-up: no further contact with
cohort members was necessary after their initial characterisation. Hospital Episode Statistics
report all admissions to NHS hospitals in England, along with admissions to private hospitals
funded by the NHS. Only privately funded admissions to private hospitals are excluded, and these

are likely to be rare among the cohort (Section 8.5.1).

4.10 Ethical considerations

Separate ethical considerations apply to participant tracing, baseline investigations and follow-up
stages of this project. They will be addressed separately below, alongside more general

requirements implicit in handling personal data.

4.10.1 Participant tracing

Section 4.1.2 describes how HCS participants were selected from a wider cohort of individuals
born in Hertfordshire who were traced and flagged for continuous notification of death. Because
this occurred without contact for most people, and before contact for HCS participants, ethical
permission to obtain information about individuals without their consent was required. This was
originally sought from the Chief Medical Statistician in 1987 and has recently been updated with
exemption from Section 251 of the NHS Act 2006 granted by the Health Research Authority’s
Confidentiality Advisory Group (CAG), in compliance with Regulation 5 of the Health Service
(Control of Patient Information) Regulations 2002 (NHS Health Research Authority, 2016)

(Appendix D(i); see also Section 8.4.4).

4.10.2 Baseline investigations

Home interviews and clinics are described in Section 4.1.3. Prior to the formation of the
Hertfordshire and Bedfordshire Local Research Ethics Committee the study area was covered by
two smaller Health Authority committees. Approval for fieldwork was therefore granted by East
and North Hertfordshire and West Hertfordshire authorities separately (Appendix D(ii,iii,iv)).
Investigations were carried out by qualified personnel in accordance with the RCUK Code of
Conduct, which follows the principles expressed in the Declaration of Helsinki (World Medical
Association, 2016). Given the prevalence of age-related disease (Section 2.2.3), clinical
investigations in older adults risk the discovery of abnormal results in participants who may be
unaware of a problem. In the small number of instances where this happened, participants and
their usual healthcare providers were informed. All participants gave written informed consent

for the investigations carried out in clinic and for follow-up through their GP records.
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4.10.3 Follow-up

The follow-up outcomes considered in this thesis are solely derived from two sources of routinely

collected data: HES and ONS (Section 4.2).

At the outset of this study, consent was obtained from clinic participants which granted
researchers future access to their GP records. When the HES data were obtained in 2010, this was
accepted as implicit consent for access to the brief, anonymous coded summaries extracted from
their hospital records for linkage to the HCS database, since all the fields it contained would be
obtainable from the discharge summary stored in the GP record. The original data sharing
agreement and two routine renewals governing use by the Lifecourse Epidemiology Unit are

reproduced in Appendix D(v,vi,vii).

Both renewals were issued without question, but when the second of them expired in 2015, a
third was refused by NHS Digital’s Data Access Advisory Group because, according to their
interpretation of the Health and Social Care Act 2012, the consent held did not satisfy changed
legal requirements. By that time a substantial proportion of the cohort had died or been
otherwise lost to follow-up and could not be re-consented. It was therefore necessary to obtain
an opinion from an ethical committee on the validity of the consent, to support an application to
CAG for Section 251 exemption. This would allow the processing of data on the presumption of no
consent, as for the mortality data (Section 4.10.1). Whilst the application was processed the LEU

was permitted to retain but not to process the data.

A very favourable response was received from the Cambridge and East of England REC (dated
22/09/2016): ‘the Committee is of the opinion to not allow linkage would undermine the consent
of participants and further it would be unethical not to allow this study to continue’. Section 251
exemption was granted by CAG after protracted delays and a new application was submitted to

NHS Digital in May 2017. This is still pending in January 2018.

Mortality and other NHSCR data for HCS participants continue to be covered by the cohort-wide
Section 251 exemption referred to in Section 4.10.1, though participants’ consent to follow-up

through GP records could be argued to cover this also.

4.10.4 General ethical considerations

Ethical considerations in addition to consent (above) include the duty of confidentiality to
participants. Very strict standards are imposed by the MRC, such that breach of confidentiality
constitutes grounds for automatic dismissal. Identifiers such as name, address and NHS number

are stored separately from clinic data and few members of staff have access to both files. These
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highly sensitive fields are never output to analysis files, which are anonymised. All members of

staff who have access the records are ONS Accredited Researchers.

The Data Protection Act 1998 requires people to be informed of the uses to which their personal
data are put; this is achieved in HCS through regular newsletters to cohort members alongside a
dedicated website. Articles on the research described in this thesis have appeared in the 2015

newsletter and on the website (www.mrc.soton.ac.uk/herts/findings/hospital-care).

The University of Southampton acts as sponsor to HCS and provides indemnity insurance; this is
facilitated by the Research Governance Office through its ERGO system. The relevant

documentation is reproduced in Appendix D(viii,ix).

Finally, routine statistics are collected at the public expense. They form an inexpensive source of
follow-up in a cohort study which is also publicly funded. It is surely in the public interest to
exploit the full value of data as in this project; indeed, as the Cambridge and East of England REC

suggest above (Section 4.10.3), it would be unethical not to do so.

4.11 Conclusion

This chapter describes the data sources that are drawn on by this research, and shows that they
can be linked together. To demonstrate the added value of the combined data, the descriptive
epidemiology of hospital admissions within the cohort is explored by Sections 4.4 and 4.5.
However, the real value of the combined dataset derives from the prospective measurements
made at baseline. From these, a predictor panel has been assembled to reflect influences on
admission identified by Chapter 3 (Section 4.6). This will be compared with 30-day readmission
(Chapter 5), emergency admission (Chapter 6) and elective admission (Chapter 7), to address the
second research question: In (this) dataset, how would anthropometry, lifestyle, social
circumstances, physical function and morbidity, individually and together, affect risk of: a)

readmission within 30 days? b) emergency admission? c) elective admission?

The papers that comprise Chapters 5-7 have multiple authors, whose individual contributions are
detailed by signed declarations of authorship at the end of each paper. As first author, the
candidate obtained the HES data, conducted the literature review, designed the strategy for
statistical analyses, designed the tables and figures and drafted all versions of the manuscript of
each paper. Statistical analyses were conducted with two statisticians and the work was overseen
by supervisors from two faculties. The candidate’s wider contribution to HCS has also been
significant. Having set up the study with Professor David Barker in the 1980s, she has been

responsible for participant tracing and the acquisition, processing and reporting of cohort-wide
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mortality data from the outset, and has latterly assumed responsibility for research governance,

particularly in matters related to data sharing and linkage.
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Abstract

Background: Models aiming to identify those at risk of 30-day readmission have met with only
partial success. They are typically limited in the range of variables they include, the timescale over

which these are collected, and the population considered at risk.

Objective: To investigate the individual and combined importance of diverse prospectively
measured risk factors for 30-day readmission among a community-dwelling cohort of older

people.

Design: Prospective cohort study.

Setting: Hertfordshire UK.

Participants: 1,579 men and 1,418 women aged 59 to 73 at baseline.

Methods: Participants’ demography and anthropometry, lifestyle, social circumstances, physical
function and morbidity were characterised at baseline (1998-2004). Hospital admissions and

deaths from baseline-2010 were ascertained by linkage with administrative data.

Results: The cohort experienced 8,687 admissions and 275 deaths during follow-up. 1,663
admissions (19.1%) were within 30 days of a previous discharge. Mutually adjusted Poisson

regression models identified poor self-rated health and increased number of systems medicated
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as dominant risk factors for readmission or death in both sexes. History of smoking, not owning
one’s home, slow self-reported walking speed and history of fracture were sex-specific risks.
Probability of 30-day readmission or death, estimated from the model, increased steeply with
number of risk factors present; from 0.19 (95%Cl: 0.14,0.24) among men with none, to 0.51
(95%Cl: 0.43,0.60) among men with four or more. Corresponding probabilities for women were

0.11 (95%Cl: 0.08,0.16) and 0.49 (95%Cl: 0.41,0.57).

Conclusion: Multimorbidity, ascertained by self-rated health and number of systems medicated, is
a key risk factor for 30-day readmission; additional risks derive from unhealthy lifestyle,
socioeconomic disadvantage and poor physical function. These risk factors could be detected in a

general practice population before the index admission.

Key words: Risk factors; Hospital Episode Statistics; Hospitalization; Readmission; Older people;

Multimorbidity.
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Introduction

Approximately 10 percent of people aged 16-74 who were discharged from hospital during 2010-
11 were readmitted in an emergency within a month. At ages 75 and over, this figure rose to 15.3
percent (Department of Health, 2013). The percentage readmitted electively is less clear. The
causes of readmission are variously thought to lie in the hospital care during the first (or ‘index’)
admission, the community care that followed it, or individual patient characteristics; debate often
centres on apportionment of blame (Oliver, 2015). In 2011, the UK Department of Health
introduced a policy of non-payment for selected readmissions within 30 days of discharge, as an
incentive to hospitals to improve care and discharge planning (Department of Health, 2010). The
aim was to reduce emergency readmission by 25 percent alongside locally agreed targets for
other readmissions; the effect has been a loss of income estimated to average £5m per hospital
trust (Foundation Trust Network, 2011). Similar financial penalties were introduced in the US in
2012 (Drozda Jr, 2013). In both countries, predictive models have been developed to identify
high-risk patients in whom preventive intervention might avoid readmission. These models
usually draw on variables routinely available from the hospital record, typically age, admissions
history and a measure of morbidity (Lewis et al., 2011). This is in part pragmatic - they are the
most readily available data; and in part design — if the hospital is responsible they are also the

most relevant data.

However, such models ignore the likely contribution of community and patient factors to
readmission. In the US it has been estimated that patient characteristics explain 56.2% of
between-hospital variation in readmission rate (Singh et al., 2014); meanwhile in the UK, models
that incorporate records from primary care as well as hospitals have been shown to perform
better than those based on hospital data alone. This approach extends the range of predictive
variables (for example, to include smoking), the timescale over which they are measured and the
population considered at risk (Billings et al., 2013), demonstrating that patient characteristics
beyond those routinely recorded in the hospital record are important. However, studies
examining their association with readmission have been predominantly small, disease-specific and
US-based. All but one (lloabuchi et al., 2014) ascertained predictive variables at the time of the

index admission.

Using data from a UK cohort of community-dwelling men and women aged 59-73 at recruitment,
linked with hospital episode statistics (HES) relating to their admissions over the following decade,
we investigated a range of prospectively measured, patient-centred, potential risk factors for 30-

day readmission. Risks were categorised into five domains that had been previously linked with
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readmission: demography and anthropometry, lifestyle, social circumstances, physical function

and morbidity (Garcia-Perez et al., 2011; Walsh, 2014; Pedersen et al., 2017).

Methods

Study population The Hertfordshire Cohort Study (HCS) comprises 1,579 men and 1,418 women
born during 1931 to 1939, whose birth, infancy and early childhood were documented by Health
Visitors. Between 1998 and 2004, they were interviewed at home and subsequently attended
clinics for detailed physiological investigations across a range of body systems. Together, the
home interview and clinic constitute the baseline characterisation. The study had ethical approval
from the Hertfordshire and Bedfordshire Local Research Ethics Committee and has been

described in detail previously (Syddall et al., 2005a).

Linkage with administrative data At baseline, cohort members gave informed consent for future
access to their medical records by the research team. An extract of Hospital Episode Statistics
(HES) data was obtained listing 15 variables for each episode experienced by participants between
01/04/98 and 31/03/10. These episode data, including start and end dates and method of
admission, were collapsed into records of completed admissions and combined with cohort data
to create a personal admissions history for each individual. The cohort is flagged by NHS Digital for
continuous notification of death, details of which were appended to the admissions history where
appropriate. Admissions before the date of clinic attendance were discounted, so that the follow-
up period differed by person, from an individual baseline (identified by the date of HCS clinic) to a
common end-date of 31/03/2010. These methods have been described in detail previously

(Simmonds et al., 2014b).

Statistical methods The outcome variable, indicating whether or not a participant had
experienced at least one 30-day readmission or died during the follow-up period, was coded from
the personal admissions history. No distinction was made between elective and emergency

readmissions.

A panel of predictor variables was selected from the information collected at baseline, reflecting
domains of risk for hospital admission. Variables included were: in the
demography/anthropometry domain, age, height, weight, and two markers of adiposity (weight-
adjusted-for-height and body mass index (BMlI)); in the lifestyle domain, history of smoking,
alcohol intake, and physical activity; in the social circumstances domain, social class, relationship
status and housing tenure; in the physical function domain, grip strength, SF-36 physical function,
self-reported walking speed and history of falls; and in the morbidity domain, history of ischaemic

heart disease, stroke, hypertension, diabetes, fracture since age 45, hand osteoarthritis,

100



Chapter 5: Risk factors for 30-day readmission to hospital

depression, anxiety or bronchitis, along with self-rated health and number of physiological
systems medicated. Methods of ascertainment and preparation of these data are described in

Table 12.

Data were described using means and standard deviations, medians and inter-quartile ranges and
frequency and percentage distributions. Associations between the risk of readmission or death
and the panel of predictor variables were explored in four stages using univariate, then mutually
adjusted Poisson regression models with a robust variance estimator; a suitable technique for
estimation of relative risks when an outcome is not rare (Barros and Hirakata, 2003). To enable
presentation of comparable effect sizes, sex-specific standard deviation scores were coded for
continuous characteristics. To take account of known sex differences in health in later life (Arber
and Ginn, 1993), all analyses were carried out for men and women separately, using Stata

(Release 13) (StataCorp, 2013).

Results

During the median 8.1-year follow-up period, the cohort collectively experienced 8,687
admissions, of which 1,663 (19.1%) were within 30 days of previous discharge. Men accounted for
993 readmissions and women for 670. There were 275 deaths, 189 among men and 86 among
women. This paper presents a combined outcome variable ‘ever readmitted within 30 days or
died’. Individually, 458 (29.0%) men and 288 (20.3%) women had at least one readmission or died
during the follow-up period (p for gender difference <0.001). Amongst them, 269 men and 202
women had at least one readmission and did not die; 102 men and 42 women had at least one
readmission and also died; 87 men and 44 women died without having a readmission. The

participants’ characteristics are shown in Table 13.

The first two stages of analysis examined univariate, then mutually adjusted associations between
readmission or death and demography/anthropometry, lifestyle and social circumstances. In
univariate analyses, increased adiposity (weight-for-height or BMI), history of smoking, low
current customary physical activity levels and not being a homeowner were associated with
increased risk of readmission in one or both sexes. Only the association with increased adiposity

was attenuated by mutual adjustment (Table 14).

The third stage of analysis explored the associations between risk of readmission or death and
variables in the physical function and morbidity domains. Adjustment was made for age, smoking
history, physical activity and housing tenure, given the associations described above. Increased
risk of readmission or death was associated, in one or both sexes, with: weaker grip strength, low

SF-36 physical function and slower self-reported walking speed (markers of physical function);
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ischaemic heart disease, stroke or hypertension (markers of cardiovascular disease); fracture
since 45 years of age; poor self-rated health and increased levels of depression and anxiety
(markers of health perception and mental health); bronchitis; and having a greater number of

systems medicated (Table 15).

Finally, the physical function and morbidity characteristics that were most strongly associated
with risk of readmission or death at stage 3 were included with lifestyle and social characteristics
identified at stage 2 in a mutually adjusted model (Table 16). To ensure a parsimonious model fit
and to avoid inclusion of highly correlated variables from the same risk factor domain, we used
preliminary models to identify which markers of physical function, cardiovascular disease, and
health perception/mental health were most strongly associated with risk of readmission or death,
and should therefore be included in the mutually adjusted model. On this basis, low SF-36
physical function, slow self-reported walking speed, ischaemic heart disease, hypertension and
poor self-rated health were included as potential predictors along with age, smoking history,
physical activity, housing tenure, history of fracture, bronchitis and number of systems medicated.
This final model identified history of smoking, not owning one’s home, slow self-reported walking
speed, history of fracture, poor self-rated health and increased number of systems medicated as

strong determinants of increased risk of readmission or death in one or both sexes.

To illustrate the combined impact of these baseline characteristics, we devised a risk factor score
(Robinson et al., 2013). Individuals were allocated one point for each risk factor they had, yielding
a score between zero and six for each person. Figure 17 shows that the probability of readmission
or death, as estimated from the Poisson model, increased steeply with greater score among men
and women; from 0.19 (95%Cl: 0.14,0.24) among men with a score of 0, to 0.51 (95%Cl: 0.43,0.60)
among men with a score of four or more (corresponding probabilities for women were 0.11

(95%Cl: 0.08,0.16) and 0.49 (95%Cl: 0.41,0.57)).

Discussion

We have identified six dominant patient-related risk factors for 30-day readmission or death
among community-dwelling older people who participated in an English cohort study: poor self-
rated health and increased number of systems medicated were strong determinants in both men
and women; history of smoking, slow self-reported walking speed and history of fracture were
specific to men, whilst not owning one’s home (a marker of material deprivation) was significant
only in women. There was a striking increase in the probability of readmission or death with
number of risk factors present, such that around half of those with four or more risk factors at
baseline experienced a readmission or died during the follow-up period, compared with fewer

than 1 in 5 who had no risk factors.
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Our approach systematically and objectively distinguished the most important risk factors for
readmission. The individual and combined impact of number of systems medicated and self-rated
health, and their attenuation of markers of single disease as risk factors in our model, suggests
that total burden of disease, or multimorbidity (Marengoni et al., 2011), is the primary driver of
30-day readmission in later life. Individually, the two variables describe distinct dimensions of
health status: objective (humber of systems medicated) and subjective (self-rated health); they
should not be regarded simply as proxies for each other (Pinquart, 2001). In the context of
predicting readmission, these holistic indicators of multimorbidity may be preferable to measures
that sum (or weight) the existence of listed clinical conditions, particularly when poor self-rated

health and increased number of systems medicated occur together.

Risk of readmission increases further when unhealthy lifestyle, compromised physical function or
unfavourable social circumstances coexist with multimorbidity. The risk factors identified require
no clinical testing and could be determined using a short screening questionnaire. Given that the
predictive variables were ascertained before either admission, such a questionnaire would be

most applicable to a general practice population.

Prospective cohort studies into risk factors for readmission in older people are unusual. A
systematic review of those published to 2010 identified 12 (Garcia-Perez et al., 2011), of which
just four reported results specific to 30 day readmission (Kwok et al., 1999; Lotus Shyu et al.,
2004; Cornette et al., 2005; Laniece et al., 2008). A second review with an overlapping remit
(Pedersen et al., 2017) identified two more published by 2013 (Espallargues et al., 2008; Fisher et
al., 2013), and we are aware of few since (lloabuchi et al., 2014; Dong and Simon, 2015). Five of
the studies (Kwok et al., 1999; Cornette et al., 2005; Espallargues et al., 2008; Laniece et al., 2008;
lloabuchi et al., 2014) aimed, like us, to discriminate between a diverse range of variables; a
multifactorial approach such as this is important in identifying risk factors for admission (Hallgren
et al., 2016b). Although the studies commonly reported associations with morbidity and physical
function, consensus was lacking over which disease or disability was most influential (Garcia-Perez
et al., 2011). All but one of the studies (lloabuchi et al., 2014) were prospective only insofar as

recruitment took place during the index admission.

Thus only one previous study was designed like ours, to include both index admission and
readmission within the follow-up period (lloabuchi et al., 2014). Set within the Geriatric Resources
for Assessment and Care of Elders (GRACE) randomised controlled trial, it followed 951 low-
income adults aged 65 and over for 2 years after a baseline interview. As in our study, successive
regression models first identified univariate risk factors and then derived a multivariate model

defining those that were most important. They were: living alone, poor or fair satisfaction with
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healthcare provider, not having Medicaid, and having a new assistive device or a nursing home

stay within the past 6 months.

The panels of potential predictors differed between GRACE and HCS, as did the context within
which the studies were set. The GRACE study, by design, covered only a limited socioeconomic
range whilst in the wider distribution of HCS, not being an owner-occupier was a predictor of
readmission. Similarly, HCS participants were all covered by a single healthcare system (the NHS)
whilst in GRACE, insurance status varied and not having Medicaid was predictive. There are areas,
however, where the lack of consensus is surprising, such as smoking (ever smoking was significant
in HCS; active smoking was not in GRACE), and burden of disease (number of systems medicated
was significant in HCS; having more than two chronic diseases was not in GRACE). Overall, three of
the five US predictors were classified by the authors as ‘social’, whereas in the UK markers of
overall morbidity dominated. There were, conversely, some points of agreement between the
studies: both reported a role for physical function (defined by a new assistive device in GRACE and
slow walking speed in HCS), and the existence of a combined effect among the risk factors

identified. Together, the studies imply that risk is multifaceted and context-specific.

Our study has some justifiable limitations. First, we chose to define a binary outcome variable
combining readmission with death, in order to include individuals whose health outcome was
worse than readmission and to account for any reduction in readmissions due to mortality.
However, relatively few people were considered positive for the outcome only because they died:
23.5% of men were ever readmitted whilst 29.0% were readmitted or died. Equivalent figures for
women were 17.2% and 20.3%, thus we are confident that including deaths does not impact
greatly on modelling readmissions. The binary variable also under-used information from those
who had multiple readmissions (1663 readmissions were attributable to 615 people); such
patterns of frequent readmission are thought to be typical (Black, 2014). Secondly, unlike many
previous authors, we chose not to distinguish between emergency and elective readmissions.
Although UK policy primarily penalises emergency readmission, elective readmissions are not
exempt (Department of Health, 2010), and we wished to address the overall burden of
readmission. Moreover, sensitivity analyses (not shown) suggested that the predictors of elective
and emergency admission did not differ greatly. Thirdly, our aim was not to produce a validated
predictive model; but rather to investigate which variables might most usefully contribute to such

a model.

The study also has advantages, particularly due to its novel methodology. It is the first in the UK to
use linked cohort and administrative data prospectively to predict readmission; we have mutually

adjusted for the combined impact of risk factors from different domains; avoided confounding by
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acute ill-health at the time of admission by using predictive variables measured before the index
admission; avoided loss to follow-up resulting from self-report or treatment in more than one
hospital by deriving outcome data from routinely collected statistics; and, by incorporating

mortality data, we have accounted for deaths.

Conclusion

Unfavourable self-rated health and increased number of systems medicated in early old age
increase the risk of having at least one 30-day readmission during the next decade, particularly
when they occur together. This is true in both sexes. Additional, sex-specific, risks derive when
unhealthy lifestyles, socioeconomic disadvantage and poor physical function coexist with these
markers of multimorbidity. This information could be used in General Practice prospectively to
identify those at risk of readmission(s). Intervention at this stage would contrast with the current
focus on hospital discharges; it could prevent not only the readmission, but the index admission

that precedes it.
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Table 12 Ascertainment and categorisation of predictor variables (Readmissions paper, Appendix 1)

Domain/variable

Ascertainment

Categorisation

Demography and anthropometry

Age Clinic Self-reported, confirming detail from birth register

Height Clinic Harpenden pocket stadiometer

Weight Clinic SECA floor scale Recorded to the nearest 0.5kg

Weight for height Derived for inclusion in regression models with height

BMI (kg/m?) Derived for inclusion in predictor panel

Lifestyle

Smoking history Home Self-reported Dichotomised to ever vs never smoked regularly

Alcohol intake Home Self-reported Dichotomised to high (222 units per week in men and 215

units per week in women) or not high

Physical activity Home Self-reported using Dallosso customary physical activity Score coded to range 0-100
questionnaire!

Social circumstances

Social class Home Self-reported occupation(s), coded to 1990 Standard Own current or most recent occupation; husband’s current
Occupational Classification? using computer assisted or most recent occupation for ever-married women.
standard occupational coding® Dichotomised to non-manual (1,11, 11IN) vs manual (IlIM,IV,V)

Relationship status Home Self-reported Dichotomised to ever vs never married

Housing tenure Home Self-reported Dichotomised to owned/mortgaged home vs not

Physical function

Grip strength Clinic Jamar handgrip dynamometer, 3x per hand using Best of 6 measurements used to characterise maximum
Southampton protocol* muscle strength

SF36 physical function Home Self-reported using SF-36 HRQoL questionnaire® Dichotomised to low (bottom 1/5 of HCS sex-specific

distribution; <75 for men and <60 for women) or not low
Walking speed Home Self-reported ordinal measure of walking speed
Fall in past year Home Self-reported; data are available for 2148 people
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Domain/variable

Ascertainment

Definition /categorisation

Morbidity
Ischaemic heart Clinic ECG, graded to Minnesota protocol® Presence of major Q waves — OR -IHD defined by report of
disease Home Self-reported using Rose chest-pain questionnaire’ typical angina — OR -IHD defined by history of coronary

Home Self-reported history of coronary revascularisation artery bypass graft or angioplasty
Stroke or TIA Home Self-reported
Hypertension Clinic Dinamap model 8101, mean of 3 resting BP readings Measured BP >160/100 mmHg

Home Self-reported prescribed and over-the-counter medications - OR - Prescribed medication known to affect BP
Diabetes Clinic 2h fasting oral glucose tolerance test 2h plasma glucose >11.1mmol/l (WHO criteria®) - OR -

Home Self-reported diabetes diagnosis Existing diet, tablet or insulin treatment regime
Fracture since age 45y Home Self-reported
Osteoarthritis (hand) Clinic Clinical examination Heberden’s or Bouchard’s nodes present, or squaring at base

of thumb
Self-rated health Home Self-report using SF-36 HRQoL questionnaire®
Depression Home Self-report using Hospital Anxiety and Depression survey Score 28 = probable or definite
instrument®
Anxiety Home Self-report using Hospital Anxiety and Depression survey Score 28 = probable or definite
instrument®

Bronchitis Home Self-reported symptoms Productive cough most days for > 3 months of the year
Number of systems Home Self-reported prescribed and over-the-counter medications Coded to physiological system using the British National
medicated Formulary
Footnotes:

1. Dallosso, H.M., Morgan, K., Bassey, E.J., Ebrahim, S.B.J., Fentem, P.H. and Arie, T.H.D. (1988) Levels of customary physical activity among the old and the very old living at home. J Epidemiol
Community Health, 42, 121-127; 2. Office of Population Censuses and Surveys (1990) Standard occupational classification, Vol 1 structure and definition of major, minor and unit groups. London:
HMSO; 3. Elias, P., Halstead, K. and Prandy, K. (1993) Computer assisted standard occupational coding. H.M. Stationery Office; 4. Roberts, H.C., Denison, H.J., Martin, H.J., Patel, H.P., Syddall, H.,
Cooper, C. and Sayer, A.A. (2011) A review of the measurement of grip strength in clinical and epidemiological studies: towards a standardised approach. Age Ageing, 40 (4), 423-429; 5. Ware, J.E.
(2000) SF-36 health survey update. Spine, 25 (24), 3130-3139; 6. Prineas, R.J., Crow, R.S. and Blackburn, H.W. (1982) The Minnesota code manual of electrocardiographic findings: standards and
procedures for measurement and classification, 2nd ed. London: Springer; 7. Rose, G.A. (1965) Chest pain questionnaire. Milbank Mem Fund Q, 43 (2), 32-39; 8. World Health Organization (1999)
Definition, Diagnosis and Classification of Diabetes Mellitus and its Complications: Report of a WHO Consultation. Part 1: Diagnosis and Classification of Diabetes Mellitus. Geneva; 9. Zigmond, A.S.
and Snaith, R.P. (1983) The hospital anxiety and depression scale. Acta Psychiatr Scand, 67 (6), 361-370.
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Table 13 Participant characteristics (Readmissions paper, Table 1)

. Men Women P for gender
Variable n (%) (n=1579) (n=1418) difference”
Anthropometry

Age (yrs)* 65.7 (2.9) 66.6 (2.7) <0.001

Height (cm)* 174.2 (6.5) 160.8 (5.9) <0.001

Weight (kg)* 82.4 (12.7) 71.4(13.4) <0.001

BMI (kg/m?)* 27.2(3.8) 27.6 (4.9) 0.998
Lifestyle

Ever smoked regularly 1059 (67.1) 553 (39) <0.001

High alcohol intake++ 340 (21.5) 68 (4.8) <0.001

Activity score* 60.9 (15.3) 59 (15.7) <0.001
Social circumstances

Social class (manual) 908 (59.3) 827 (58.4) 0.602

Relationship status (never married) 109 (6.9) 74 (5.2) 0.054

Housing tenure (not homeowner) 299 (18.9) 313 (22.1) 0.033
Physical function

Grip strength (kg)* 44.0 (7.5) 26.5 (5.8) <0.001

Low physical function SF36*** 316 (20.0) 301 (21.2) 0.417

Walking speed (self-reported) Very slow 76 (4.8) 97 (6.8)

Stroll 375 (23.8) 285 (20.1)

Normal 625 (39.6) 638 (45) <0.001
Brisk 432 (27.4) 319 (22.5)

Fast 69 (4.4) 79 (5.6)

Fall in past year*** 124 (14.3) 289 (22.5) <0.001
Morbidity

Ischaemic heart disease 225 (14.6) 127 (9.2) <0.001

Stroke 79 (5.1) 39 (2.8) 0.001

Hypertension 630 (40) 577 (40.8) 0.644

Diabetes 232 (14.9) 199 (14.3) 0.675

Any fracture since 45yrs age 213 (13.5) 298 (21) <0.001

Osteoarthritis (hand) 389 (28) 741 (53.6) <0.001

Self-rated health Poor 20 (1.3) 21 (1.5)

Fair 162 (10.3) 196 (13.9)
Good 600 (38) 620 (43.9) <0.001
Very good 593 (37.6) 455 (32.2)
Excellent 202 (12.8) 120 (8.5)

HAD-depression (probable/definite) 76 (4.8) 85 (6.0) 0.152

HAD-anxiety (probable/definite) 232 (14.7) 355 (25.1) <0.001

Bronchitis 92 (5.8) 69 (4.9) 0.244

Number of systems medicated* 1.0 (0.0, 2.0) 1.0 (1.0, 2.0) 0.004
Outcomes

Ever any admission 1185 (75.0) 976 (68.8) <0.001

Ever any admission /died 1197 (75.8) 985 (69.5) <0.001

Ever readmission (<30 days) 371 (23.5) 244 (17.2) <0.001

Ever readmission (<30 days) / died 458 (29.0) 288 (20.3) <0.001

Died 189 (12.0) 86 (6.1) <0.001
Footnotes:

*  Mean (SD) * Median (lower quartile, upper quartile)

+ > 22 units/week in men; > 14 units/week in women (guidelines at baseline)

++ <75 for men, <60 for women on SF-36 PF domain (lowest sex-specific fifth of distribution)
+++ The question on falls was introduced mid-study; data are available for 2148 people

#  See Table 10
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Table 14 Associations between anthropometric, lifestyle and social characteristics and risk of 30-day readmission or death

(Readmissions paper, Appendix 2)

Association between each Men Women

characteristic and the risk of Unadjusted Adjusted* Unadjusted Adjusted*’
readmission within 30 days or Relativerisk o~ Relativerisk = Relativerisk =~ Relativerisk
death* (95% Cl) (95% Cl) (95% Cl) (95% Cl)

Age** 1.08(1.00,1.16) 0.056 1.07(0.99,1.16) 0.087 1.10(0.99,1.21) 0.073  1.08(0.98,1.20) 0.122
Height** 1.00(0.92,1.08) 0.906 1.00(0.92,1.08) 0.995 1.02(0.92,1.13) 0.771 1.03(0.93,1.14) 0.569
Weight** 1.05(0.97,1.14) 0.235 1.16(1.05,1.28) 0.004

Weight for height residual** 1.04 (0.96,1.13) 0.326 1.02(0.94,1.10) 0.646 1.16(1.04,1.29) 0.007 1.08(0.97,1.19) 0.167
BMI** 1.05(0.97,1.14)  0.199 1.17 (1.06,1.29)  0.002

Ever smoked regularly* 1.34(1.12,2.60) 0.001 1.35(1.12,1.61) 0.001 1.38(1.12,1.69) 0.002 1.27(1.03,1.56) 0.022
High alcohol intake*** 0.90(0.74,1.10)  0.306 1.01(0.63,1.64) 0.953

Activity score** 1.12(1.04,2.21) 0.002 1.12(1.04,1.21) 0.003 1.29(1.17,1.42) <0.001 1.21(1.09,1.34) <0.001
Social class (manual)* 1.02 (0.87,1.19) 0.831 1.07 (0.86,1.32) 0.547

Relationship status (never married)*  1.08 (0.81,1.44)  0.600 0.93(0.57,1.51) 0.762

Housing tenure (not homeowner)* 1.09(0.90,2.32) 0.370 0.98(0.81,1.19) 0.813 1.71(1.38,2.11) <0.001 1.47(1.18,1.83) 0.001
Pseudo R2 0.0084 0.0256
Footnotes:

*  Estimates of associations are relative risks (95% Cl) from Poisson regression models where the outcome variable is whether or not the participant had a readmission within 30 days /
died during the follow-up period and the predictor variable is each characteristic in turn.

A regression fitted with age, height, weight for height residual, activity score, housing tenure and whether the participant had ever smoked regularly as predictor variables to mutually
adjust for the most important characteristics in either sex

*  Relative risk for presence vs absence

Relative risk (95% Cl) per sex-specific SD increase (estimates for activity score are per sex-specific SD decrease)

* High weekly alcohol intake of 222M; >15F units per week
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Table 15 Associations between physical function and health characteristics and risk of 30-day readmission or death

(Readmissions paper, Appendix 3)

Association between each characteristic and the risk of Men Women

readmission within 30 days or death” Relative risk (95% Cl) P-value Relative risk (95% Cl) P-value
Grip strength** 1.11(1.03,1.20) 0.008 1.19(1.08,1.30) <0.001
Low Physical Function SF36* *** 1.70(1.44,2.01) <0.001 1.78 (1.43,2.22) <0.001
Waking speed (self-reported)*** 1.25(1.15,1.35) <0.001 1.33(1.19,1.48) <0.001
Fall in past year* 1.08 (0.81,1.44) 0.609 1.02 (0.80,1.31) 0.856
Ischaemic heart disease* 1.41(1.17,1.69) <0.001 1.24 (0.93,1.67) 0.145
Stroke or TIA* 1.15(0.84,1.57) 0.382 1.92 (1.30,2.83) 0.001
Hypertension* 1.26 (1.08,1.48) 0.003 1.35(1.10,1.66) 0.004
Diabetes* 1.11(0.91,1.36) 0.318 1.19(0.92,1.53) 0.188
Fracture since 45yrs age* 1.31(1.08,1.60) 0.007 0.89 (0.69,1.15) 0.359
Osteoarthritis (hand)* 0.91(0.76,1.11) 0.353 0.94 (0.77,1.16) 0.590
Self-rated health *** 1.32(1.21,1.44) <0.001 1.60 (1.42,1.80) <0.001
HAD-Depression (prob/definite)* 1.52(1.18,1.96) 0.001 1.64 (1.22,2.19) 0.001
HAD-Anxiety (prob/definite)* 1.19(0.98,1.44) 0.088 1.34(1.08,1.65) 0.008
Bronchitis* 1.26 (0.95,1.66) 0.103 1.81(1.30,2.51) <0.001
Number of systems medicated™* 1.21(1.14,1.27) <0.001 1.24 (1.17,1.31) <0.001

Footnotes:

+ Estimates of associations are relative risks (95% Cl) from Poisson regression models where the outcome variable is whether or not the participant had a readmission within 30 days / died
during the follow-up period and the predictor variable is each characteristic in turn. All associations were adjusted for age, housing tenure, physical activity and whether the participant had

ever smoked: variables that were significant in either sex in the mutually adjusted model (Appendix 2).
*  Relative risk for presence vs absence
** Relative risk per sex-specific SD decrease
+  Relative risk per unit increase

*** Relative risk per band decrease (ie slower walking speed and poorer self-rated health)

*** Sex-specific score of <75M, <60F on SF-36 PF domain (lowest sex-specific fifth of distribution)
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Table 16 Combined regression model using the most influential participant characteristics to predict risk of 30-day readmission or death

(Readmissions paper, Table 2)

Association between each characteristic and the risk Men Women

of readmission within 30 days or death® Relative risk (95% Cl) P-value Relative risk (95% Cl) P-value
Age** 1.03 (0.95,1.11) 0.437 1.05 (0.95,1.16) 0.362

Ever smoked* 1.23(1.03,1.47) 0.021 1.14 (0.93,1.40) 0.215

Activity score** 1.02 (0.95,1.09) 0.656 1.04 (0.94,1.16) 0.392

Housing tenure (not homeowner)* 0.89 (0.74,1.08) 0.239 1.32(1.07,1.64) 0.010

Low physical function SF36* *** 1.20(0.99,1.45) 0.071 1.12 (0.86,1.46) 0.403

Walking speed (self-reported)*** 1.11(1.01,1.21) 0.023 1.11 (0.98,1.25) 0.098

Ischaemic heart disease* 1.18(0.98,1.43) 0.073 0.93 (0.70,1.23) 0.603

Hypertension* 1.01 (0.86,1.19) 0.885 1.03(0.82,1.28) 0.819

Fracture since 45yrs age* 1.37(1.13,1.66) 0.001 0.85(0.66,1.11) 0.239

Self-rated health *** 1.16 (1.06,1.27) 0.002 1.36(1.18,1.57) <0.001
Bronchitis* 1.07 (0.82,1.39) 0.628 1.24 (0.86,1.78) 0.255

Number of systems medicated ** 1.11(1.04,1.18) 0.001 1.12 (1.05,1.20) 0.001

Pseudo R2 0.0351 0.0651

Footnotes:

*+  Estimates of associations are relative risks (95% Cl) from Poisson regression models where the outcome variable is whether or not the participant had a readmission within 30 days /
died during the follow-up period. All predictors were included simultaneously in this mutually adjusted model.

*  Relative risk for presence vs absence

+  Relative risk per unit increase

** Relative risk per sex-specific SD increase (estimates for activity score represent SD decreases)

***Relative risk per band decrease (ie slower walking speed and poorer self-rated health).

++ Sex-specific score of <75M, <60F on SF-36 PF domain (lowest sex-specific fifth of distribution)
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Figure 17 Probability of 30-day readmission or death for different score categories

(Readmissions paper, Figure 1)

The risk factor score was derived by allocating one point for the presence of each risk factor
(characterised as participant characteristics which were associated (p<0.05) with risk of 30-day
readmission/death in either sex in the final mutually-adjusted model: ie having poor or fair self-
rated health, two or more systems medicated, history of fracture, not owning one’s home, history
of smoking and having a self-reported walking speed of very slow or stroll). Participants scored

zero if they had none of the risk factors, to a maximum of six if all were present.
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Abstract

Background: Emergency admissions to hospital are a major burden on the NHS. Improved
understanding of risk factors for these admissions is needed if effective preventive strategies are

to be devised.

Objective: To investigate the individual and combined importance of diverse prospectively
measured risk factors for emergency admission among a community dwelling cohort of older

people.

Design: Prospective cohort study.

Setting: Hertfordshire UK.

Subjects: 1,579 men and 1,418 women aged 59-73 at baseline.

Methods: Participants’ demography and anthropometry, lifestyle, social circumstances, physical
function and morbidity were characterised at baseline (1998-2004). Hospital admissions and

deaths from baseline-2010 were ascertained by linkage with administrative data.

Results: The cohort experienced 8,687 admissions and 275 deaths during follow-up. 2,201
admissions (25.3%) were by the emergency route. Mutually adjusted survival models identified

history of smoking, low physical function and poor self-rated health as dominant risk factors for
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emergency admission in both sexes. Ischaemic heart disease and number of systems medicated
conferred risk only in men. The hazard ratio (HR) for emergency admission or death was 3.24
(95% Cl 2.47,4.24) among men and 3.27 (95% Cl 2.41,4.45) among women who had four or more

of the risk factors we identified, compared with the reference group who had none.

Conclusions: Poor self-rated health is a key risk factor for emergency admission in early old age.
Additional risks derive from unhealthy lifestyle and poor physical function. It would be possible to

screen for these risks in a general practice population in advance of admission.

Keywords: Risk factors; Hospital Episode Statistics; Hospitalization; Emergency; Unplanned; Older

people.
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Introduction

Emergency admissions to hospital are those that are unpredictable and at short notice because of
clinical need (NHS Digital, 2017b). They account for around 35 percent of all admissions to NHS
hospitals and cost approximately £11bn each year in England (Blunt et al., 2010). Rates of
emergency admission are highest, and are expanding most rapidly, in those aged 65 and over: in
the eleven years from 2001/2 to 2012/13 the emergency admission rate among them increased
by 26% (Wittenberg et al., 2014). In this group, emergency admissions are associated with clinical
and psychological risks, increased dependency and disruption of usual care; they are thus

particularly distressing to patients (Imison et al., 2012).

It has long been argued that some emergency admissions could be avoided by optimising care in
the community (Blunt et al., 2010; Purdy, 2010). Transfer of care away from hospitals has been
adopted as a key strategy of the Sustainability and Transformation Partnerships that are tasked
with addressing the NHS deficit (Oliver, 2017). Practical measures to target emergency admissions
include closing hospital beds (Oliver, 2016b), preventive programmes such as supported self-
management (Oliver, 2016b), and early interventions (Loder, 2017). However, identifying people
who would benefit from preventive programmes is challenging. Although a number of predictive
risk models exist, evidence for their effectiveness is mixed (Wallace et al., 2014). A recent review
of evidence on identifying and managing high-risk individuals finds few national or population
level studies exploring risk factors for emergency admission (Walsh, 2014). Such studies are

essential to the accurate identification of vulnerable individuals.

Using data from a UK cohort aged 59-73 at recruitment, linked with hospital episode statistics
(HES) relating to their admissions over the following decade, we investigated a range of
prospectively measured, patient-centred risk factors for emergency admission. Risks were
categorised into five domains that had been previously linked with hospitalisation: demography
and anthropometry; lifestyle; social circumstances; physical function; and morbidity, to

investigate their relative and combined effect.

Methods

The baseline characterisation of the Hertfordshire Cohort Study (HCS) population and linkage to

Hospital Episode Statistics have been described previously (Chapter 5).

Statistical methods Emergency admissions were identified from the admission method of the first

or only episode of each admission in the personal history, and defined as the failure event of
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interest. Death was considered an alternative failure event, thus the outcome considered was

emergency admission or death.

A panel of predictor variables was selected as previously reported (Chapter 5).

Data were described using means and standard deviations (SD), medians and inter-quartile ranges
and frequency and percentage distributions. Associations between the risk of emergency
admission or death and the panel of predictor variables were analysed by fitting univariate and
mutually adjusted Prentice Williams and Peterson total time (PWP-TT) models (Castaneda and
Gerritse, 2010; Westbury et al., 2016) in four stages. To enable presentation of comparable effect
sizes, sex-specific standard deviation scores were coded for continuous variables. To take account
of known sex differences in health in later life (Arber and Ginn, 1993), all analyses were carried

out for men and women separately using Stata, release 13 (StataCorp, 2013).

Results

During a median 8.1-year follow-up, the cohort collectively experienced 8,687 admissions, of
which 2,201 (25.3%) were by the emergency route. Men accounted for 1,342 emergency
admissions and women for 859. There were 275 deaths, 189 among men and 86 among women.
This paper presents a combined outcome variable of time to emergency admission or death.
Individually, 638 (40.4%) men and 450 (31.7%) women had at least one emergency admission or
died during the follow-up period (p for gender difference <0.001). Amongst them, 449 men and
364 women had an emergency admission and did not die; 159 men and 69 women had an
emergency admission and also died; and 30 men and 17 women died without having an

emergency admission. The participants’ characteristics are shown in Table 17.

The first two stages of analysis examined univariate, then mutually adjusted associations between
emergency admission or death and demography/anthropometry, lifestyle and social
circumstances. In one or both sexes, age, greater weight and body mass index, history of smoking,
low current customary physical activity and not owning one’s home (a marker of material
deprivation) were associated with increased risk in univariate models. All but BMI were robust in

mutually adjusted analyses (Table 18).

The third stage explored the associations between risk of emergency admission or death and

physical function and morbidity. Analyses are presented for each variable individually, each with
adjustment for age, smoking history, physical activity and housing tenure, given the associations
described above. Increased risk of emergency admission or death was associated, in one or both

sexes, with: weaker grip strength, poor SF-36 physical function and slower self-reported walking

120



Chapter 6: Risk factors for emergency admission to hospital

speed (markers of physical capability); ischaemic heart disease, stroke and hypertension (markers
of cardiovascular disease); diabetes; depression, poor self-rated health; bronchitis; and having a

greater number of systems medicated (Table 19).

Finally, the physical function and morbidity characteristics that were most strongly associated
with risk of emergency admission or death at stage 3 were included with lifestyle and social
characteristics in a mutually adjusted model (Table 20). To ensure a parsimonious model fit and
avoid inclusion of highly correlated variables from the same risk factor domain, we used separate
models to identify which markers of physical capability, cardiovascular disease and health
perception/mental health were most strongly associated with risk of emergency admission or
death, and should therefore be included in the mutually adjusted model. On this basis, low SF-36
physical function, ischaemic heart disease and hypertension were included as potential
predictors, along with age, smoking history, physical activity, housing tenure, diabetes, self-rated
health, bronchitis and number of systems medicated. This model identified history of smoking,
low physical function, ischaemic heart disease, poor self-rated health and number of systems
medicated as strong determinants of increased risk of emergency admission or death during the

follow-up period in one or both sexes.

To illustrate the combined impact of these baseline characteristics, we devised a risk factor score
(Robinson et al., 2013). Cohort members were assigned one point for each risk factor they had,
yielding a score between zero and five for each person. Figure 18 shows that the hazard ratio (HR)
for emergency admission or death was more than three times greater among men (HR 3.24 (95%
Cl 2.47,4.24)) and women (HR 3.27 (95% Cl 2.41,4.45)) who had four or more risk factors

compared with the reference group who had none.

Discussion

We have identified five dominant risk factors for emergency admission or death among
community-dwelling older people who participated in an English cohort study: history of smoking,
low physical function and poor self-rated health were strong determinants in both sexes;
ischaemic heart disease and number of systems medicated were significant only among men. No
predictors were unique to women. There was a threefold rise in likelihood of emergency
admission or death between people who had none of the risk factors we identified and those who

had four or more.

Our study shows, systematically and objectively, that risk of emergency admission: is best
predicted by measures of overall burden of disease rather than by single conditions; derives also

from lifestyle and physical function; increases in the presence of multiple risk factors; and differs
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by sex in relation to some risk factors. For example, we included two measures of total burden of
disease in our model: self-rated health and number of systems medicated. Whilst self-rated
health, a subjective measure, was significant in both sexes, number of systems medicated, which
is more objective, was significant only in men. Thus, it appears that how individuals feel about
their health is associated with future emergency admission in both sexes, and is a better predictor
than tangible measures of health in women. This is an important finding given that emergency
admission is often by self-referral (National Audit Office, 2013), and suggests that those whose
self-rated health is poor have most to gain from initiatives such as shared decision making (Foot et

al., 2014) and supported self-management (NHS England, 2015).

Existing knowledge on risk factors for emergency admission derives from three sources. First,
ecological studies have demonstrated differences in the rates of emergency admission between
enumeration districts (Bernard and Smith, 1998), between primary care groups (Majeed et al.,
2000) and between general practices (Reid et al., 1999; Bankart et al., 2011); and have
consistently reported an association between area level deprivation and increased rates of
emergency admission. Although we replicated these findings in the early stages of our model
using housing tenure as an individual-level marker of deprivation, the effect was attenuated by

adjustment for lifestyle and morbidity.

Secondly, validation studies, which test the performance of predictive risk models (Lewis et al.,
2011), have demonstrated the importance of diversity in predictor variables. As well as recent
service use, models derived from hospital data often incorporate a measure of morbidity and a
surrogate measure of deprivation such as patient’s postcode. Improved performance results if
external datasets such as those from general practice are included, in part because they
contribute additional variables such as smoking status (Bottle et al., 2006; Billings et al., 2013;
Wallace et al., 2014). Regional models also improve results in specific populations (Chenore et al.,
2013), though this is not a consistent finding (Billings et al., 2013). An additional advantage of
external datasets is that they expand the population considered at-risk. This is important because
regression to the mean, together with mortality, causes admission rates to fall naturally over time
in high-risk older groups (Roland et al., 2005), thus the majority of older people admitted to
hospital in an emergency come from lower-risk groups (Roland and Abel, 2012). Our study
demonstrates long-term associations between five explanatory variables and emergency

admission in a community-based cohort.

Finally, cohort and case-control studies have identified a number of risk factors for emergency
admission among individuals with or without previous admissions. The findings of these studies

are often inconsistent and are difficult to interpret due to differences in design, especially in
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terms of confounding influences that are considered. Two studies have adopted a multifactorial
approach similar to ours to discriminate between a diverse range of variables (Damush et al.,
2004; Mallitt et al., 2015). Both included potential predictor variables that could be loosely
classified across each of our five domains, though the precise nature of the metrics was different.
In the first study, among a cohort of 308 frail and older primary care patients in the US, higher risk
of emergency admission was associated with lower BMI, worse SF-36 physical functioning,
previous diagnoses of congestive heart failure, diabetes or anaemia, and higher numbers of
prescribed medications (Damush et al., 2004). In the second, a cohort of 1,041 chronically ill
patients in Australia, being of male sex, having a live-in carer, diagnoses of respiratory or
musculoskeletal disease and number of previous admissions were significant risk factors for
emergency admission (Mallitt et al., 2015). Of these findings, only the effects of poor physical
function and number of medications are replicated by our study. The fact that risks attributable to
lower BMI, specific diagnoses, living arrangements and previous service use were not seen in HCS
may be explained by the better physical condition of HCS participants. Self-rated health was
reported by the US study and found to be associated with emergency admission over the 12-
month follow-up period in univariate, but not multivariate analyses (Damush et al., 2004).
Although self-rated health is known to decline with age, it has been found to be less closely
correlated with objective measures of health in the old-old than in the young-old (Pinquart, 2001).
This divergence may explain its attenuation among older, frailer people, though methodological

differences limit the comparability of the studies.

We are aware that our study has some limitations. First, our findings may not be representative of
the national situation: Hertfordshire has a low age-sex standardised emergency admission ratio
(Blunt et al., 2010) and in our dataset, 25.3% of admissions were emergencies compared with a
national rate of 35% over the same time period (Blunt et al., 2010). Secondly, we report a
combined outcome variable of time to emergency admission or death, in order to include
individuals whose health outcome was worse than admission and account for reduction in
admissions due to mortality. However, since just 30 men and 17 women were considered positive
for the outcome exclusively because they died, we are confident that including deaths does not
impact greatly on modelling emergency admissions. Finally, although we have shown that lifestyle
and physical function both affect risk of emergency admission, we have not tested the extent to
which this is due to their known role in predisposing to morbidity, nor have we explored possible
alterations in the relationship between morbidity and hospitalisation when an acute condition

develops. These are areas for further work.

Conversely, our study has a number of advantages. First, HCS comprises a well characterised,

community-dwelling sample of older people; it enabled us to adopt a lifecourse approach to

123



Chapter 6: Risk factors for emergency admission to hospital

provide a longer period of follow-up than most other studies; and linkage with HES minimised loss
to follow-up by capturing data from every hospital in England. Secondly, after investigating a
number of approaches to the analysis of admissions data, we chose to use survival modelling
techniques, specifically the PWP-TT model. This sophisticated approach captures information
from every emergency admission a cohort member experiences rather than just the first, reflects
increasing risk with accumulated admissions for an individual, excludes time spent in hospital
from time at risk of admission and recognises that times to admission are correlated within an
individual’s admission history (Westbury et al., 2016). We are not aware of any other cohort study
that used this approach. Damush et al, in their analysis of emergency admissions among a frail
cohort over 12 months, experimented with survival models to examine time to first admission,
but chose instead to report the results of logistic regression analysis which they found were

similar (Damush et al., 2004).

Conclusion

Self-rated health is a key influence on emergency admission in early old age. Additional risks
deriving from unhealthy lifestyle (specifically history of smoking) and poor physical function

combine with total burden of disease to increase risk of emergency admission.

A simple measure of self-rated health could be ascertained in general practice and used to target
supported self-management programmes, thus improving their potential to reduce rates of

emergency admission.
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Table 17 Participant characteristics (Emergencies paper, Table 1)

. Men Women P for gender
Variable n (%) (n=1579) (n=1418) difference”
Anthropometry

Age (yrs)* 65.7 (2.9) 66.6 (2.7) <0.001

Height (cm)* 174.2 (6.5) 160.8 (5.9) <0.001

Weight (kg)* 82.4(12.7) 71.4(13.4) <0.001

BMI (kg/m?)* 27.2(3.8) 27.6 (4.9) 0.998
Lifestyle

Ever smoked regularly 1059 (67.1) 553 (39) <0.001

High alcohol intake++ 340 (21.5) 68 (4.8) <0.001

Activity score* 60.9 (15.3) 59 (15.7) <0.001
Social circumstances

Social class (manual) 908 (59.3) 827 (58.4) 0.602

Relationship status (never married) 109 (6.9) 74 (5.2) 0.054

Housing tenure (not homeowner) 299 (18.9) 313 (22.1) 0.033
Physical function

Grip strength (kg)* 44.0 (7.5) 26.5 (5.8) <0.001

Low physical function SF36*** 316 (20.0) 301 (21.2) 0.417

Walking speed (self-reported) Very slow 76 (4.8) 97 (6.8)

Stroll 375 (23.8) 285 (20.1)

Normal 625 (39.6) 638 (45) <0.001
Brisk 432 (27.4) 319 (22.5)

Fast 69 (4.4) 79 (5.6)

Fall in past year™** 124 (14.3) 289 (22.5) <0.001
Morbidity

Ischaemic heart disease 225 (14.6) 127 (9.2) <0.001

Stroke 79 (5.1) 39 (2.8) 0.001

Hypertension 630 (40) 577 (40.8) 0.644

Diabetes 232 (14.9) 199 (14.3) 0.675

Any fracture since 45yrs age 213 (13.5) 298 (21) <0.001

Osteoarthritis (hand) 389 (28) 741 (53.6) <0.001

Self-rated health Poor 20 (1.3) 21 (1.5)

Fair 162 (10.3) 196 (13.9)
Good 600 (38) 620 (43.9) <0.001
Very good 593 (37.6) 455 (32.2)
Excellent 202 (12.8) 120 (8.5)

HAD-depression (probable/definite) 76 (4.8) 85 (6.0) 0.152

HAD-anxiety (probable/definite) 232 (14.7) 355 (25.1) <0.001

Bronchitis 92 (5.8) 69 (4.9) 0.244

Number of systems medicated* 1.0 (0.0, 2.0) 1.0 (1.0, 2.0) 0.004
Outcomes

Ever any admission 1185 (75.0) 976 (68.8) <0.001

Ever any admission/died 1197 (75.8) 985 (69.5) <0.001

Ever emergency admission 608 (38.5) 433 (30.5) <0.001

Ever emergency admission /died 638 (40.4) 450 (31.7) <0.001

Died 189 (12.0) 86 (6.1) <0.001

Footnotes:

*  Mean (SD) * Median (lower quartile, upper quartile)
+ > 22 units/week in men; 2 14 units/week in women (guidelines at baseline)

++ <75 for men, <60 for women on SF-36 PF domain (lowest sex-specific fifth of distribution)
+++ The question on falls was introduced mid-study; data are available for 2148 people

#  See Table 10
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Table 18 Associations between anthropometric, lifestyle and social characteristics and risk of emergency admission or death (Emergencies paper, Appendix 1)

Men Women

?::::l::i:;:: eatmete:ee"ai::: of Unadjusted Adjusted? Unadjusted Adjusted*
emergency admission or death* Hazard ratio P-value Hazard ratio P-value Hazard ratio P-value Hazard ratio P-value

(95% Cl) (95% Cl) (95% Cl) (95% Cl)
Age (yrs)* 1.09(1.02,1.06) 0.007 1.08(1.02,1.16) 0.016 1.09(1.02,1.18) 0.018 1.08(1.00,1.16) 0.042
Height (cm)* 0.97(0.91,1.03) 0.293 1.01(0.95,1.08)  0.697
Weight (kg)* 1.04 (0.98,1.10) 0.236 1.08 (1.00,1.16)  0.043
Weight for height residual* 1.05(0.98,1.12) 0.154 1.07 (0.99,1.16) 0.085
BMI (kg/m?)* 1.06 (1.00,1.13) 0.066  1.04(0.98,1.11) 0.208 1.08(1.00,1.16) 0.047  1.02(0.95,1.09) 0.677
Ever smoked regularly 1.30(1.12,1.51) <0.001 1.28(1.10,1.49) 0.002 1.42(1.23,1.64) <0.001 1.36(1.17,1.58) <0.001
High alcohol intake** 1.04 (0.90,1.21) 0.554 1.00(0.74,1.34) 0.980
Activity score* 1.12 (1.06,1.18) <0.001 1.10(1.04,1.16) 0.001  1.24(1.14,1.34) <0.001 1.19(1.10,1.29)  <0.001
Social class (manual) 1.09 (0.96,1.24) 0.200 1.14 (0.98,1.32) 0.087
Relationship status (never married)  1.13(0.90,1.41) 0.296 0.75(0.55,1.02) 0.069
Housing tenure (not homeowner) 1.23(1.07,1.41) 0.003 1.14(1.00,1.31) 0.051 1.34(1.15,1.56) <0.001 1.18(1.01,1.37) 0.035
Pseudo R2 0.0034732 0.00797466
Footnotes:

*+  Estimates of associations are hazard ratios (95% Cl) from PWP-TT models where the failure event is an emergency admission/death and the predictor variable is each characteristic in turn

*  Hazard ratio (95% Cl) per unit increase in the characteristic (estimates for activity score correspond to SD decreases). For the remaining characteristics, the hazard ratio for the presence
versus absence of the attribute is given

T A model fitted with age, BMI, activity score, housing tenure and whether the participant had ever smoked regularly as predictor variables to mutually adjust for the most important
characteristics

+ High weekly alcohol intake of 222M; >15F units per week

129



Chapter 6: Risk factors for emergency admission to hospital

Table 19 Associations between physical function and health characteristics and risk of emergency admission or death

(Emergencies paper, Appendix 2)

Association between each characteristic and the risk of Men Women

emergency admission or death® Hazard ratio (95% Cl) P-value Hazard ratio (95% Cl) P-value
Grip strength 1.06 (0.99,1.13) 0.083 1.13(1.05,1.21) 0.001

Low Physical Function SF36*** 1.48 (1.29,1.69) <0.001 1.56 (1.32,1.84) <0.001
Waking speed (self-reported)* 1.10(1.03,1.17) 0.007 1.16 (1.07,1.26) <0.001
Fall in past year 1.09 (0.87,1.37) 0.432 1.00 (0.85,1.18) 0.968

Ischaemic heart disease 1.38(1.19,1.61) <0.001 1.22 (1.00,1.50) 0.049

Stroke or TIA 1.16 (0.95,1.42) 0.145 1.36 (1.04,1.79) 0.026

Hypertension 1.23(1.08,1.39) 0.002 1.27 (1.08,1.48) 0.003

Diabetes 1.19(1.02,1.38) 0.027 1.20(1.00,1.45) 0.055

Fracture since 45yrs age 1.18 (1.00,1.39) 0.050 1.08 (0.91,1.29) 0.358

Osteoarthritis (hand) 0.95(0.81,1.11) 0.504 1.04 (0.89,1.21) 0.606

Self-rated health * 1.24 (1.15,1.33) <0.001 1.33(1.20,1.47) <0.001
HAD-Depression 1.31(1.03,1.67) 0.027 1.06 (0.82,1.37) 0.659

HAD-Anxiety 1.07 (0.92,1.24) 0.400 1.09 (0.93,1.27) 0.291

Bronchitis 1.29 (1.05,1.59) 0.014 1.41(1.10,1.80) 0.007

Number of systems medicated 1.18(1.12,1.23) <0.001 1.14 (1.09,1.20) <0.001

Footnotes:

*+  Estimates of associations are hazard ratios (95% Cl) from PWP-TT models where the failure event is an emergency admission/death and the predictor variable is each characteristic in
turn. All associations were adjusted for age, housing tenure, physical activity and whether the participant had ever smoked

* Hazard ratio per lower band of the characteristic. The hazard ratio per unit increase in the number of systems medicated and per sex-specific SD decrease in grip strength given and for
the remaining characteristics, the relative risk for the presence versus absence of the attribute is given

++ Sex-specific score of <75M, <60F on SF-36 PF domain (lowest sex-specific fifth of distribution)
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Table 20 Combined regression model using the most influential participant characteristics to predict the risk of emergency admission or death

(Emergencies paper, Table 2)

Association between each characteristic and the risk Men Women

of emergency admission or death® Hazard ratio (95% Cl) P-value Hazard ratio (95% Cl) P-value
Age (yrs)* 1.06 (0.99,1.14) 0.079 1.07(0.99,1.16) 0.091
Ever smoked 1.19(1.02,1.39) 0.028 1.27 (1.08,1.48) 0.003
Activity score* 1.03 (0.97,1.08) 0.347 1.08 (0.99,1.17) 0.086
Housing tenure (not homeowner) 1.03 (0.90,1.18) 0.680 1.11 (0.94,1.30) 0.213
Low physical function SF36* ** 1.24 (1.06,1.44) 0.006 1.29(1.06,1.57) 0.012
Ischaemic heart disease 1.22 (1.04,1.43) 0.014 1.03(0.83,1.27) 0.802
Hypertension 1.03(0.90,1.17) 0.701 1.10(0.92,1.31) 0.318
Diabetes 1.02 (0.86,1.20) 0.846 1.01(0.81,1.26) 0.944
Self-rated health** 1.12 (1.03,1.22) 0.006 1.18 (1.06,1.32) 0.003
Bronchitis 1.14 (0.93,1.40) 0.197 1.23(0.92,1.65) 0.158
Number of systems medicated*** 1.11(1.05,1.18) <0.001 1.05(0.99,1.12) 0.089
Pseudo R2 0.01001141 0.01433998

Footnotes:

*  Estimates of associations are hazard ratios (95% ClI) from PWP-TT models where the failure event is an emergency admission/death. All predictors were included simultaneously in this
mutually adjusted model.

*  Hazard ratio per sex-specific SD increase (estimates for activity score correspond to SD decreases)

** Hazard ratio per lower band of characteristic

*** Hazard ratio per unit increase. For the remaining estimates, hazard ratios for the presence vs absence of the characteristic are given

++ Sex-specific score of <75M, <60F on SF-36 PF domain (lowest sex-specific fifth of distribution)
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Figure 18 Risk of emergency admission or death for different score categories

(Emergencies paper, Figure 1)

The risk factor score was derived by allocating one point for the presence of each risk factor
(characterised as participant characteristics which were associated (p<0.05) with risk of
emergency admission/death in either sex in the final mutually-adjusted model: ie having poor or
fair self-rated health, two or more systems medicated, history of smoking, SF-36 PF in the bottom
fifth of the sex-specific distribution and baseline ischemic heart disease). Participants scored zero

if they had none of the risk factors, to a maximum of five if all were present.

132



Chapter 6: Risk factors for emergency admission to hospital

Declaration of authorship

Risk factors for emergency admission to hospital among older people: Evidence from data

linkage

Shirley Simmonds: obtained the HES data, conducted the literature review, designed the strategy

for statistical analyses, designed the tables and figures and drafted all versions of the manuscript.

Holly Syddall: iterated strategy for statistical analyses and presentation of results and reviewed all

versions of the manuscript.

Leo Westbury: iterated strategy for statistical analyses and presentation of results, prepared the

tables and figures and reviewed all versions of the manuscript.

Maria Evandrou: provided feedback on early drafts of the manuscript and reviewed the final

version.

Cyrus Cooper: took overall responsibility for the Hertfordshire Cohort Study and reviewed the

final version of the manuscript.

Avan Aihie Sayer: jointly applied for the HES data, provided feedback on early drafts of the

manuscript and reviewed the final version.

Signatures of all co-authors confirming the accuracy of the declaration of authorship provided

above:

Shirley Simmonds

aJ\_SLQ\ g\g( .

Holly Syddall

H. € Snyldall

Leo Westbury

/ A : 1
& r ) LA P
-3

Maria Evandrou

M C:':Mf_:\} it

Cyrus Cooper

%«o Gor

Avan Aihie Sayer

133






Chapter 7: Multinomial paper
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Abstract

Background: Although some elective admissions to hospital are thought to be avoidable, less

research has investigated risk factors for elective than emergency admission.

Objective: To contrast prospectively measured risk factors for elective and emergency admission

among a sample of community-dwelling older people.

Design: Prospective cohort study.

Setting: Hertfordshire UK.

Subjects: 1,579 men and 1,418 women aged 59-73 at baseline.

Methods: Participants’ demography and anthropometry, lifestyle, social circumstances, physical
function and morbidity were characterised at baseline (1998-2004). Hospital admissions and
deaths from baseline-2010 were ascertained by linkage with administrative data. A categorical

outcome variable divided the cohort into three groups according to their admission history.

Results: There were 8,687 admissions and 275 deaths during follow-up. One woman was excluded

from the analysis because her only admission contained insufficient information to classify her. Of
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the remaining individuals, 815 (27.2%) survived with no admissions and were treated as the
reference group; 1,093 (36.5%) survived with only elective admissions; 1,088 (36.3%) ever had an
emergency admission or died. Mutually adjusted multinomial regression models identified
increased number of systems medicated (NSM) as the dominant risk factor for elective admission
in both sexes; ever having married, low physical function and worse self-rated health (SRH) were
sex-specific risks. By contrast, history of smoking, low physical function, worse SRH and increased
NSM were leading risk factors for emergency admission or death in both sexes; renting one’s
home and history of bronchitis were specific to women. Larger effect sizes were observed for

emergency admission or death than for elective admission.

Conclusions: Multimorbidity, as indicated by SRH and NSM, is a common influence on elective and
emergency admission; NSM is a consistently good marker that could be considered for risk

profiling in primary care.

Keywords: Risk factors; Hospital Episode Statistics; Hospitalization; Elective; Emergency; Older

people.
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Introduction

Recent research into the use of hospital services has focused on admissions that happen in an
emergency or within 30 days of previous discharge. Driven in part by policies that penalise
healthcare providers, studies have aimed to develop predictive risk models and preventive
interventions specific to these types of admission. Elective admissions (those that are planned in

advance) have received more limited attention.

Elective admissions account for a bigger proportion of NHS hospitalisations than emergencies
(half versus one third) (NHS Digital, 2017e) and, if they involve an overnight stay, cost more than
twice as much on average (£3215 versus £1436) (Department of Health, 2012c). During the 17
years from 1997/8 to 2014/5, average annual growth in number of elective admissions
outstripped that in emergencies (2.9% versus 2.5% (Wittenberg et al., 2015)). Growth has been
driven by an increase in day cases alongside a small fall in overnight admissions (Smith et al.,
2014), so that day cases now account for two thirds of all elective admissions (NHS Digital, 2017e).
The steepest rises in elective admission rates have been among those aged 65 and over
(Wittenberg et al., 2015), perhaps because advances in technology are extending opportunities

for intervention to increasingly older people (Oksuzyan et al., 2013).

Why then, if elective admissions are such an important component of NHS activity, has the same
attention not been paid to investigating the predictors of day and overnight elective admissions as
to admissions of other types, particularly among older people? Whilst it is recognised that
planned elective procedures do not disrupt NHS services in the way that emergency admissions
do, and that some procedures have immense potential to improve quality of life at older ages, it
has nevertheless been suggested that a proportion of elective admissions, particularly those for
ambulatory care sensitive conditions (ACSCs), could be avoided (Sanderson and Dixon, 2000;

Chauhan et al., 2012).

Using data from a UK cohort aged 59-73 at recruitment, linked with hospital episode statistics
(HES) relating to their admissions over the following decade, we investigated the hypothesis that
baseline demography and anthropometry, lifestyle, social circumstances, physical function and

morbidity might be differentially associated with subsequent elective and other admissions.

Methods

The baseline characterisation of the Hertfordshire Cohort Study (HCS) population and linkage to

Hospital Episode Statistics have been previously described (Chapter 5).
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Statistical methods In order to differentiate the determinants of elective admissions from those
of other outcomes, we defined an ordinal variable that divided the cohort into three groups
according to their admission history during the follow-up period. The groups were: people who
survived without admissions; people who survived with one or more elective but no emergency
admissions; and everybody else. This latter group included those who ever had an emergency
admission, whether or not they also had elective admission(s) and also those who died, regardless
of their admission history. In an additional analysis, we further divided the group who had only
elective admissions to distinguish people who had only day case admissions from those who ever

stayed in hospital overnight.

A panel of predictor variables was selected as reported previously (Chapter 5)

Data were described using means and standard deviations; medians and inter-quartile ranges;
and frequency and percentage distributions. Associations between the admission history variable
and the panel of predictor variables were analysed by fitting univariate and mutually adjusted
multinomial logistic regression models in four stages. The first two stages examined univariate,
then mutually adjusted associations between the admission history variable and characteristics
representing demography and anthropometry, lifestyle and social circumstances. The third stage
explored associations of the admission history variable with characteristics representing physical
function and morbidity, adjusted for age and the characteristics associated with increased risk of
admission at stage 2. Finally, the physical function and morbidity characteristics that were most
strongly associated with admission at stage 3 were included with significant lifestyle and social
characteristics in a mutually adjusted model. At each stage, those who had only elective
admissions and, separately, those who ever had emergency admissions or died were compared
with the reference group, who had no admissions. To take account of known sex differences in
health in later life (Arber and Ginn, 1993), all analyses were carried out for men and women

separately using Stata, release 13 (StataCorp, 2013).

Results

During a median 8.1-year follow-up, the cohort collectively experienced 8,687 admissions. One
woman whose only admission was of unknown type was excluded, leaving an analysis sample of
1,579 men and 1,417 women who together accrued 8,686 admissions. Each of these individuals
was allocated to one of three groups according to their personal admission history during the
follow-up period: 815 (382 men and 433 women) survived with no admissions, 1,093 (559 men
and 534 women) survived with only elective admissions and the remaining 1,089 (638 men and
451 women) had at least one emergency admission or died during the follow-up period. Many

members of this latter group experienced multiple types of event: 814 had elective as well as
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emergency admissions (Figure 19). Of the 275 who died, most (228) had at least one emergency
admission, 26 had elective but no emergency admissions and 21 had no admissions at all. Women
were more likely than men to belong to the never admitted group (p<0.001); the opposite was
true of the ever emergency or died group (p<0.001). There were no sex differences in

membership of the elective only group. The participants’ characteristics are shown in Table 21.

Associations of the admission history variable with demography and anthropometry, lifestyle and
social circumstances (stage 1 and 2), and with physical function and morbidity (stage 3) are shown
by Tables 22 and 23 respectively. The final mutually adjusted model brought together the
characteristics that were most strongly associated with the admission history variable in the
preliminary stages. To ensure a parsimonious model fit and avoid inclusion of highly correlated
variables from the same risk factor domain, we used separate models to identify which marker of
physical capability, which marker of cardiovascular disease and which marker of self-rated general
health status was most strongly associated with the admission history variable, and should
therefore be included in the mutually adjusted model. On this basis, low SF-36 physical function,
hypertension and self-rated health (SRH) were included as potential predictors, along with age,
height, weight-for-height residual, smoking history, physical activity, relationship status, housing
tenure, diabetes, bronchitis and number of systems medicated. For each of these variables, Table
24 shows first, risk of being in the ‘elective only’ group, and then (on the row below) risk of being

in the ‘ever emergency or died’ group, relative to the non-admitted reference group.

Risk factors for elective admission identified in one or both sexes by this model were: ever having
married; low physical function; worse SRH; and higher number of systems medicated. Risk of
emergency admission in one or both sexes was associated with: history of smoking; renting one’s
home; low SF-36 physical function; worse SRH; history of bronchitis; and having more systems
medicated. To demonstrate the combined impact of risk factors, a further multinomial regression
analysis was carried out, treating the number of risk factors as an ordinal variable. This showed
that each additional risk factor increased the risk of only elective admission in men by 25% (RRR
1.25; 95%CI 1.09-1.44) and in women by 60% (RRR 1.60; 95%Cl 1.39-1.83). The equivalent relative
risk ratios for those who ever had an emergency admission or died were in men, 1.91 (Cl 1.66-

2.19) per additional risk factor, and in women, 2.41 (Cl 2.08-2.80).

To explore the predictors of elective day cases, we further divided the group who had only
elective admissions according to whether or not they ever stayed in hospital overnight, creating 4
groups in all. Following the same 4-stage analysis, the final model showed greater number of
systems medicated to predict higher risk of elective day case admission in both sexes. Worse SRH

was similarly predictive in women (analyses are shown in Appendix E).
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Discussion

In this study, increased number of systems medicated was the only variable to confer risk for
elective admission as well as emergency admission in both sexes. All other risk factors for elective
admission (relationship status, SF-36 physical function and SRH) were sex-specific. Other risk
factors for emergency admission or death (history of smoking, housing tenure, SF-36 physical
function, SRH and bronchitis) broadly overlapped with risk factors for elective admission, but
were more numerous and more often affected both sexes. Where a risk factor was associated
with both types of admission, size of effect was consistently larger for emergency admission or

death.

The Quality and Outcomes Framework (QOF) (NHS Digital, 2016) aims to optimise primary care by
paying general practitioners for achieving agreed standards against a range of clinical conditions,
in the belief that reduced admission rates will follow. Although there is some evidence that it has
led to a small reduction in the rate of increase of emergency admissions (Marshall and Roland,
2017), concern has been expressed that indicators of single diseases do not adequately represent
the needs of an increasing population of older people with multiple complex problems (Roland
and Guthrie, 2016). Our findings support this view, and suggest that number of systems
medicated, which is a more holistic marker of multimorbidity (Marengoni et al., 2011), would be a
useful addition (or alternative) to QOF indicators. It is readily quantifiable from electronic clinical
records, and may have the potential to identify those at greatest risk of admission. This simple
measure is a component part of the recently described electronic Frailty Index (Clegg et al., 2016),

but our work suggests that it has value in isolation, even before clinical frailty has developed.

Number of systems medicated is an objective marker of general health; by contrast, SRH is more
subjective: both have strong links with multimorbidity. The two measures are known to represent
distinct dimensions of health (Pinquart, 2001), and to correlate more closely in men than women
(Mavaddat et al., 2014). It is therefore interesting that whilst elective admission was predicted by
number of systems medicated in both sexes, it was associated with SRH only in women. This
suggests that SRH may incorporate subtle aspects of physiological and psychological health or
help-seeking behaviour that are unique to women and have particular relevance to elective

admission.

Previous studies comparing risk factors for elective and emergency admissions have focused on
two themes, the first being morbidity. In the Netherlands, the Longitudinal Aging Study
Amsterdam (LASA) considered the extent to which trends in admission could be explained by the
changing characteristics of cohort members. The results showed that whilst increases in

emergency admission were partly explained by concomitant increases in polypharmacy of 25
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drugs, number of chronic diseases (self-reported from a list of 9) and functional limitations (self-
reported from a list of 6); increases in elective admission bore little relation to individual
characteristics and were considered to result from changing health policy (Galenkamp et al.,
2016). Ecological studies comparing the characteristics of general practices or other
administrative groups with their admission rates have typically included a population-level marker
of health, and findings have differed according to the marker chosen. In London, the proportion of
a practice population reporting a long-term limiting illness at census was associated with both
elective and emergency admissions (Reid et al., 1999); in Leicestershire, the proportion diagnosed
with coronary heart disease (CHD) showed no association with elective admissions (Chauhan et
al., 2012) and was associated with emergency admission only in univariate analyses (Bankart et
al., 2011). Thus it seems that only holistic measures, such as long-term limiting illness in London,
or number of systems medicated in our study, are associated with elective admission. More
specific measures, such as chronic illness from a predefined list or numerically defined
polypharmacy in LASA are predictive only of emergency admission, whilst single-disease

indicators bear little relation to admissions of either type in Leicester or in our study.

The other prominent theme in studies comparing risk factors for elective and emergency
admission has been deprivation, an interest due in part to concerns that GPs working in deprived
areas are disadvantaged by a reduced capacity to meet QOF indicators (Saxena et al., 2006). In
Scotland, among individuals from the Renfrew-Paisley Cohort, opposing associations were seen
between occupational social class and admission, such that rates of emergency admission were
raised in people of lower, and rates of elective admission in people of higher, social class
(McCartney et al., 2013). Ecological studies have broadly confirmed the link between deprivation
and emergency admission: at practice level, neither the proportion in unskilled occupations in
London (Reid et al., 1999), nor the index of multiple deprivation in Leicestershire (Chauhan et al.,
2012) was associated with elective admissions, though in both cases associations were evident
with emergency admissions (Reid et al., 1999; Bankart et al., 2011). In the Thames Valley, the rate
of elective admission was less affected by the index of multiple deprivation than emergency
admission (Jones, 2006a), though the reversal of risk demonstrated for social class in Scotland was
not apparent. We found no effect of social status on elective admission using social class and
home ownership as markers of socioeconomic position, though living in rented accommodation
was associated with modest risk of emergency admission in women. We note that the QOF was
introduced in 2005, mid-way through our follow-up period, and is known to have lessened
inequalities in the delivery of care (Roland and Guthrie, 2016). It is therefore possible that
associations between deprivation and admission were diluted in our data, though attenuation by

other factors in our multifactorial model seems more likely.
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Overall, our individual-level findings broadly confirm previous evidence that markers of general
health predict admission better than more specific markers of disease, and that health and
deprivation have a greater impact on emergency than elective admission. In addition, we show
that lifestyle markers have little effect on elective admission, though smoking predicts emergency
admission or death. We also confirm the association reported by LASA between emergency
admission and physical function; in our study physical function also conferred risk of elective

admission in women.

We are aware that our study has some limitations. First, 840 people who had elective admissions
were assigned to the ‘ever-emergency or died’ group on the basis of their mixed admission
histories. Our conclusions about the predictors of elective admission therefore exclude
admissions experienced by these people. To address this problem, we examined the association
between the same set of participant characteristics and time to elective admission using the
Prentice Williams and Peterson total time model (Castaneda and Gerritse, 2010; Westbury et al.,
2016). This sophisticated approach to survival analysis captures information from every elective
admission a cohort member experiences rather than just the first, reflects increasing risk with
accumulated admissions for an individual, excludes time spent in hospital from time at risk of
admission and recognises that times to admission are correlated within an individual’s admission
history. However, because of the number of people who had both types of admission, this model
identified predictors more similar to our linked paper on emergency admissions (Chapter 6). It is
possible that the predictors we identify in this paper may relate primarily to the less serious end
of the spectrum of elective admissions, though this does not undermine our findings; these may
actually be the most avoidable admissions. Some might also question our aggregation of death
with emergency admission, though since only 47 people from the group (4.3%) died without

experiencing an emergency admission, any effect of this strategy is likely to be small.

Our study also had a number of unique advantages. It is one of few to use linked administrative
data, a method advocated for by researchers (Wellcome Trust, 2015) but increasingly difficult to
achieve in practice (Gilbert et al., 2015). Hospital Episode Statistics are particularly helpful in an
ageing cohort; because they capture data from every hospital in England they minimize loss to
follow-up that can result from failing health and changing care patterns. A further advantage of
linkage is that it provides individual level data and so produces stronger evidence than ecological
studies described earlier (Reid et al., 1999; Jones, 2006a; Bankart et al., 2011; Chauhan et al.,
2012). Finally, by combining admissions into personal histories we summarise individual
experiences; we are not aware of any other study that used this approach to compare risk factors

for elective and emergency admission.
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Conclusion

In this study, increased number of systems medicated was the only variable to confer risk for
elective admission as well as emergency admission in both sexes. All other risk factors for elective
admission were sex-specific. Additional risk factors for emergency admission or death broadly
overlapped with risk factors for elective admission, but were more numerous and more often
affected both sexes. Where risk was associated with both types of admission, size of effect was

consistently larger for emergency admission.

We conclude that multimorbidity, as indicated by SRH and NSM, is an important driver of both
elective and emergency admission. Of the two markers of multimorbidity considered here,
number of systems medicated was the more consistent determinant of admission, and could be

used for risk profiling in primary care.
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Table 21 Participant characteristics (Multinomial paper, Table 1)

. Men Women P for gender
Variable n (%) (n=1579) (n=1418) difference”
Anthropometry

Age (yrs)* 65.7 (2.9) 66.6 (2.7) <0.001

Height (cm)* 174.2 (6.5) 160.8 (5.9) <0.001

Weight (kg)* 82.4(12.7) 71.4(13.4) <0.001

BMI (kg/m?)* 27.2(3.8) 27.6 (4.9) 0.998
Lifestyle

Ever smoked regularly 1059 (67.1) 553 (39) <0.001

High alcohol intake++ 340 (21.5) 68 (4.8) <0.001

Activity score* 60.9 (15.3) 59 (15.7) <0.001
Social circumstances

Social class (manual) 908 (59.3) 827 (58.4) 0.602

Relationship status (never married) 109 (6.9) 74 (5.2) 0.054

Housing tenure (not homeowner) 299 (18.9) 313 (22.1) 0.033
Physical function

Grip strength (kg)* 44.0 (7.5) 26.5 (5.8) <0.001

Low physical function SF36*** 316 (20.0) 301 (21.2) 0.417

Walking speed (self-reported) Very slow 76 (4.8) 97 (6.8)

Stroll 375 (23.8) 285 (20.1)

Normal 625 (39.6) 638 (45) <0.001
Brisk 432 (27.4) 319 (22.5)

Fast 69 (4.4) 79 (5.6)

Fall in past year™** 124 (14.3) 289 (22.5) <0.001
Morbidity

Ischaemic heart disease 225 (14.6) 127 (9.2) <0.001

Stroke 79 (5.1) 39 (2.8) 0.001

Hypertension 630 (40) 577 (40.8) 0.644

Diabetes 232 (14.9) 199 (14.3) 0.675

Any fracture since 45yrs age 213 (13.5) 298 (21) <0.001

Osteoarthritis (hand) 389 (28) 741 (53.6) <0.001

Self-rated health Poor 20 (1.3) 21 (1.5)

Fair 162 (10.3) 196 (13.9)
Good 600 (38) 620 (43.9) <0.001
Very good 593 (37.6) 455 (32.2)
Excellent 202 (12.8) 120 (8.5)

HAD-depression (probable/definite) 76 (4.8) 85 (6.0) 0.152

HAD-anxiety (probable/definite) 232 (14.7) 355 (25.1) <0.001

Bronchitis 92 (5.8) 69 (4.9) 0.244

Number of systems medicated* 1.0 (0.0, 2.0) 1.0 (1.0, 2.0) 0.004
Outcomes

Ever any admission 1185 (75.0) 976 (68.8) <0.001

Died 189 (12) 86 (6.1) <0.001

No admissions, alive 382 (24.2) 433 (30.5) <0.001

Only electives, alive 559 (35.4) 534 (37.7) 0.195

Ever emergency or died 638 (40.4) 450 (31.7) <0.001

Footnotes:

*  Mean (SD) * Median (lower quartile, upper quartile)

+ > 22 units/week in men; 2 14 units/week in women (guidelines at baseline)

++ <75 for men, <60 for women on SF-36 PF domain (lowest sex-specific fifth of distribution)
+++ The question on falls was introduced mid-study; data are available for 2148 people

#  See Table 10
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Table 22 Associations between anthropometric, lifestyle and social characteristics and admission history

(Multinomial paper, Appendix 1)

Association between each Men Women
characteristic and the admission Unadjusted Adjusted** Unadjusted Adjusted**
history variable* RRR (95% Cl) P-value RRR (95% Cl) P-value RRR (95% Cl) P-value RRR (95% Cl) P-value
Age (yrs)* 1.01 (0.88,1.15) 0.928 0.99 (0.87,1.13) 0.937 0.95 (0.83,1.07) 0.390 0.94 (0.83,1.07) 0.343
1.06 (0.94,1.21) 0.345 1.04 (0.91,1.18) 0.582 1.05 (0.92,1.20) 0.427 1.04 (0.90,1.19) 0.618
Height (cm)* 0.96 (0.84,1.09) 0.537 0.96 (0.84,1.09) 0.503 1.03 (0.91,1.17) 0.658 1.03 (0.90,1.17) 0.683
0.98 (0.86,1.11) 0.744 1.00 (0.88,1.14) 0.955 1.03 (0.90,1.18) 0.659 1.04 (0.91,1.20) 0.534
Weight (kg)* 0.93 (0.82,1.07) 0.309 1.27 (1.11,1.45) <0.001
1.05 (0.93,1.20) 0.413 1.40 (1.22,1.60) <0.001
Weight for height residual* 0.94 (0.82,1.07) 0.325 0.93 (0.81,1.06) 0.264 1.26 (1.11,1.43) 0.001 1.23 (1.08,1.41) 0.002
1.04 (0.92,1.18) 0.541 1.01 (0.88,1.14) 0.932 1.38 (1.20,1.58) <0.001 1.26 (1.10,1.45) 0.001
BMI (kg/m2)* 0.94 (0.83,1.07) 0.373 1.27(1.11,1.45) <0.001
1.06 (0.93,1.20) 0.361 1.41(1.23,1.62) <0.001
Ever smoked regularly 1.04 (0.79,1.36) 0.792 1.04 (0.79,1.36) 0.800 1.29 (0.99,1.68) 0.060 1.21(0.93,1.59) 0.163
1.67 (1.27,2.18) <0.001 1.58 (1.20,2.08) 0.001 1.76 (1.34,2.32) <0.001 1.56 (1.18,2.07) 0.002
High alcohol intake** 0.89 (0.65,1.22) 0.460 0.80 (0.44,1.47) 0.477
1.00(0.74,1.36) 0.998 1.05 (0.58,1.91) 0.866

Continued...
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...Table 22 continued

Association between each Women
characteristic and the admission Unadjusted Adjusted** Unadjusted Adjusted**
history variable* RRR (95% Cl) P-value RRR (95% Cl) P-value RRR (95% Cl) P-value RRR (95% Cl) P-value
Activity score* 1.02 (0.89,1.16) 0.780 1.03 (0.90,1.18) 0.643 1.15(1.01,1.31) 0.040 1.11 (0.97,1.28) 0.123
1.19 (1.05,1.35) 0.008 1.15(1.01,1.32) 0.034 1.51(1.32,1.73) <0.001 1.39(1.21,1.61) <0.001
Social class (manual) 1.17 (0.89,1.53) 0.253 0.86 (0.67,1.12) 0.261
1.33(1.02,1.73) 0.033 1.02 (0.78,1.34) 0.868
Relationship status 0.56 (0.33,0.94) 0.029 0.54 (0.31,0.92) 0.023 1.21(0.68,2.14) 0.513 1.18 (0.66,2.10) 0.583
(never married) 0.93 (0.59,1.48) 0.764 0.81 (0.50,1.30) 0.378 1.01 (0.55,1.86) 0.979 0.83 (0.44,1.58) 0.576
Housing tenure 1.04 (0.72,1.49) 0.846 1.07 (0.73,1.56) 0.732 1.39 (1.00,1.94) 0.051 1.23(0.87,1.73) 0.246
(not homeowner) 1.85(1.32,2.58) <0.001 1.64 (1.16,2.33) 0.005 2.30(1.66,3.19) <0.001 1.81(1.29,2.55) 0.001
Pseudo R2 0.0147 0.0269
Footnotes:

+

Estimates of association are odds ratios (95% Cl) from multinomial logistic regression models where the outcome was the variable representing admission history and the predictor
variable was each characteristic in turn.

+ A model fitted with age, weight-for-height residual, whether the participant had ever smoked regularly, activity score and housing tenure as predictor variables to mutually adjust for

the most important characteristics.
Relative risk ratio (95% Cl) per sex-specific SD increase in the characteristic (estimates for activity score correspond to SD decreases). For the remaining characteristics, the relative
risk ratio for the presence versus absence of the attribute is given

** High weekly alcohol intake of 222 (Men); 215 (Women) units per week

Admission history variable has the following categories: no admissions, alive (reference group); only electives, alive; ever emergency, dead.

First odds ratio: Odds of being in (only electives, alive) v (reference group)

Second odds ratio: Odds of being in (ever emergency, dead) v (reference group)
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Table 23 Associations between physical function and health characteristics and admission history

(Multinomial paper Appendix 2)

Association between each characteristic and the admission Men Women
history variable* RRR (95% Cl) P-value RRR (95% Cl) P-value
Grip strength 0.95 (0.82,1.10) 0.466 1.22 (1.05,1.41) 0.008
1.17 (1.02,1.36) 0.030 1.41(1.21,1.65) <0.001
Low Physical Function SF36 *** 1.52 (1.01,2.29) 0.044 2.52 (1.66,3.85) <0.001
2.87 (1.96,4.20) <0.001 4.18 (2.75,6.36) <0.001
Waking speed (self-reported)* 1.02 (0.88,1.18) 0.811 1.41 (1.21,1.65) <0.001
1.33 (1.15,1.55) <0.001 1.67 (1.42,1.97) <0.001
Fall in past year 1.46 (0.84,2.51) 0.176 0.79 (0.57,1.11) 0.174
1.68 (0.98,2.86) 0.058 1.17 (0.84,1.63) 0.360
Ischaemic heart disease 1.48 (0.95,2.30) 0.082 1.11 (0.68,1.81) 0.684
2.34 (1.55,3.54) <0.001 1.50 (0.93,2.45) 0.100
Stroke or TIA 1.02 (0.52,1.99) 0.964 0.97 (0.38,2.48) 0.941
1.52 (0.82,2.82) 0.184 2.40 (1.03,5.59) 0.043
Hypertension 1.17 (0.88,1.55) 0.274 1.39 (1.06,1.84) 0.019
1.67 (1.27,2.20) <0.001 1.64 (1.23,2.20) 0.001
Diabetes 1.20(0.80,1.81) 0.374 1.32(0.88,1.99) 0.175
1.49 (1.02,2.20) 0.042 1.42 (0.93,2.16) 0.102
Fracture since 45yrs age 1.10(0.74,1.64) 0.627 0.79 (0.57,1.09) 0.157
1.31(0.89,1.92) 0.167 1.19 (0.86,1.65) 0.288
Continued...
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...Table 23 continued
Association between each characteristic and the admission Men Women
history variable* RRR (95% Cl) P-value RRR (95% Cl) P-value
Osteoarthritis (hand) 1.16 (0.85,1.58) 0.354 1.10(0.85,1.43) 0.465
0.85(0.62,1.17) 0.317 0.99 (0.75,1.31) 0.962
Self-rated health * 1.23 (1.05,1.43) 0.012 1.58 (1.35,1.86) <0.001
1.63 (1.39,1.90) <0.001 2.20(1.84,2.63) <0.001
HAD-Depression 1.05 (0.48,2.29) 0.901 1.40 (0.75,2.62) 0.294
2.17 (1.10,4.31) 0.026 1.91 (1.03,3.55) 0.040
HAD-Anxiety 1.38(0.91,2.11) 0.131 1.58 (1.16,2.15) 0.004
1.99 (1.34,2.97) 0.001 1.52 (1.10,2.10) 0.012
Bronchitis 0.90 (0.46,1.75) 0.752 1.42 (0.69,2.93) 0.344
2.03 (1.14,3.62) 0.016 2.99 (1.51,5.93) 0.002
Number of systems medicated 1.30(1.13,1.50) <0.001 1.39(1.24,1.55) <0.001
1.68 (1.46,1.92) <0.001 1.62 (1.44,1.81) <0.001
Footnotes:

*  Estimates of associations are relative risk ratios (95% ClI) from multinomial logistic regression models where the outcome was the variable representing admission history and the

predictor variable was each characteristic in turn. All associations were adjusted for age, height, weight-for-height residual, whether the participant had ever smoked regularly, physical
activity, whether the participant had ever been married and housing tenure.

*  Relative risk ratio per lower band of the characteristic. The relative risk ratios per unit increase in the number of systems medicated and per sex-specific SD decrease in grip strength are
given. For the remaining characteristics, the relative risk ratio for the presence versus absence of the attribute is given.

++ Sex-specific score of <75 (Men), <60 (Women) on SF-36 PF domain (lowest sex-specific fifth of distribution)

Admission history variable has the following categories: no admissions, alive (reference group); only electives, alive; ever emergency, dead.

First relative risk ratio: risk of being in (only electives, alive) v (reference group)
Second relative risk ratio: risk of being in (ever emergency, dead) v (reference group)
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Table 24 Combined regression model using the most influential participant characteristics to

predict admission history (Multinomial paper, Table 2)

Association between each
characteristic and the admission
history variable*

Men

Women

RRR (95% Cl) P-value RRR (95% Cl) P-value
Age (yrs)** 0.96 (0.84,1.10) 0.575 0.91 (0.80,1.04) 0.169
0.96 (0.84,1.10) 0.566 0.98 (0.85,1.14) 0.814
Height (cm)** 0.95 (0.83,1.09) 0.467 1.10 (0.96,1.25) 0.184
1.02 (0.89,1.16) 0.803 1.16 (1.00,1.34) 0.048
Weight for height residual** 0.88 (0.76,1.01) 0.075 1.10(0.95,1.27) 0.200
0.89 (0.78,1.03) 0.114 1.05 (0.90,1.24) 0.522
Ever smoked* 1.01(0.76,1.34) 0.942 1.16 (0.87,1.53) 0.308
1.40 (1.05,1.87) 0.021 1.43 (1.06,1.93) 0.020
Activity score** 0.98 (0.85,1.13) 0.753 1.00 (0.87,1.16) 0.959
1.01(0.88,1.17) 0.849 1.11 (0.95,1.30) 0.198
Relationship status 0.51 (0.30,0.89) 0.017 1.19 (0.65,2.17) 0.577
(never married)* 0.81(0.49,1.33) 0.399 0.81(0.41,1.60) 0.538
Housing tenure* 1.02 (0.69,1.49) 0.934 1.08 (0.75,1.54) 0.683
(not homeowner) 1.37(0.95,1.97) 0.092 1.45 (1.00,2.11) 0.049
Low physical function SF36* *** 1.14 (0.73,1.76) 0.566 1.74 (1.11,2.71) 0.015
1.67 (1.11,2.52) 0.014 2.48 (1.58,3.89) <0.001
Hypertension* 0.92 (0.67,1.26) 0.613 1.01 (0.74,1.38) 0.954
1.08 (0.80,1.47) 0.607 1.03 (0.74,1.44) 0.850
Diabetes* 1.02 (0.67,1.55) 0.917 1.06 (0.70,1.62) 0.772
1.01(0.67,1.52) 0.969 1.07 (0.69,1.67) 0.762
Self-rated health *** 1.14 (0.96,1.35) 0.142 1.38 (1.16,1.65) <0.001
1.30(1.10,1.55) 0.002 1.69 (1.39,2.06) <0.001
Bronchitis* 0.76 (0.38,1.51) 0.433 1.35(0.61,2.97) 0.455
1.55 (0.84,2.83) 0.157 2.30(1.06,5.01) 0.036
Number of systems medicated 1.28 (1.09,1.51) 0.002 1.27 (1.11,1.44) <0.001
1.47 (1.26,1.72) <0.001 1.37 (1.20,1.57) <0.001
Pseudo R2 0.0448 0.0714
Footnotes:

*  Estimates of associations are relative risk ratios (95% Cl) from multinomial logistic regression models where the
outcome was the variable representing admission history. All predictors were included simultaneously in this

mutually adjusted model

*  Relative risk ratio for the presence vs absence of the characteristic

** Relative risk ratio per sex-specific SD increase in characteristic (estimates for activity score correspond to SD
decreases). Relative risk ratio per unit increase in number of systems medicated is shown

***Relative risk ratio per lower band of characteristic

++ Sex-specific score of <75 (Men), <60 (Women) on SF-36 PF domain (lowest sex-specific fifth of distribution)

Admission history variable has the following categories: no admissions, alive (reference group); only electives, alive; ever

emergency or died.

First relative risk ratio: risk of being in (only electives, alive) v (reference group)
Second relative risk ratio: risk of being in (ever emergency, dead) v (reference group)

151



Chapter 6: Multinomial paper

Never admitted,
5 Died (9%) survived 815 (27%)
g
S
o
<
)
o
2
o
3
=
£ 1093
< (36%0) 647
(22%)

Ever Elective (65%) Ever Emergency(35%)

Never admitted, survived (ref) . Only Elective, survived . Ever emergency or died

Figure 19 Classification of HCS participants by admission history

(Multinomial paper Figure 1)
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Chapter 8: Discussion and conclusions

8.1 Introduction

The National Health Service is struggling to cope with current demand for hospital care, especially
from older people (lacobucci, 2017b). Although it is believed that some admissions may be
avoidable, research into the causes of hospitalisation among individuals is patchy, disease-specific
and biased towards the antecedents of readmission within 30 days of discharge. A wider
understanding is required, especially related to other, earlier, categories of admission. This thesis
therefore proposed three overarching research questions, to be explored by combining routinely

collected statistics and cohort data:

1 How could Hospital Episode Statistics and Cohort Study data be linked to produce a
dataset with added value?

2 Insuch a dataset, how would demography and anthropometry; lifestyle; social
circumstances; physical function; and morbidity; individually and together, affect risk of:
d) readmission within 30 days?
e) emergency admission?
f) elective admission?

3 Are there common drivers of different types of admission at older ages?

The first of these was addressed by Chapter 4, which discussed the cohort and administrative data
that are available, ethical considerations concerning their use, methods of linkage and the
resulting dataset used by this research. Chapters 5, 6 and 7 focussed on the individual parts of
Question 2, each presenting a paper that compared a common panel of 25 predictor variables
with a different outcome variable. This discussion chapter compares and contrasts the findings of
the papers to address the third question: ‘Are there common drivers of different types of hospital

admission at older ages’.

Key findings of the three papers are brought together in Section 8.2 and explored in the context
of known literature in Section 8.3. Policy implications of the findings are considered in Section 8.4
and the strengths and limitations of the work discussed in Section 8.5. Suggestions for the future

development of the work follow in Section 8.6 and conclusions are drawn in Section 8.7.
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8.2 Key findings

Two datasets were successfully linked and a panel of baseline predictor variables from the
Hertfordshire Cohort Study was compared with admission data derived from Hospital Episode
Statistics. Table 25 shows, by means of colour-coded symbols, the existence of relationships
identified by Chapters 5-7. Associations with readmission (from Chapter 5) are shown by black
circles; those with emergency admission (from Chapter 6) by dark grey diamonds; and with
elective admission (from Chapter 7) by filled grey squares. In addition, associations identified by a
subgroup analysis of people who only ever had elective day case admissions (Appendix E) are
shown by open grey squares. For completeness, all four stages of the regression modelling
process are shown, demonstrating how the predictor panel was systematically and objectively

refined until in the final (stage 4) model, in either or both sexes:

e Readmission was associated with six baseline variables: history of smoking, housing
tenure, walking speed, fracture since age 45, self-rated health (SRH) and number of
systems medicated (NSM)

e Emergency admission was associated with five baseline variables: history of smoking, SF-
36 physical function, ischaemic heart disease (IHD), SRH and NSM

e Elective admission was associated with four baseline variables: relationship status, SF-36
physical function, SRH and NSM

e Elective day case admission was associated with three baseline variables: weight for

height residual, SRH and NSM

Therefore, ten variables retained associations with at least one category of admission in the final
models and can be defined as drivers of admission. They were drawn from all five of the domains
considered. Four of them (history of smoking, SF-36 physical function, SRH and NSM) were
associated with more than one category of admission and can be considered common drivers of
admission. Just two variables, poorer SRH and higher NSM, were associated with increased risk of

all four types of admission; they will be referred to as key common drivers of admission.

The remaining sixteen variables from the original predictor panel bore no associations with

admission in the final models.
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Table 25 Summary of relationships at each stage of the modelling process,

all admission types, sexes combined

Model stage

Baseline predictor variables Stage 1* Stage 2* Stage 3* Stage 4*
Demography/anthropometry

Age 4 2

Height

Weight o ¢

Weight for height residual ®

BMI o ¢
Lifestyle

Smoking history o ¢ o ¢ ¢

Alcohol intake

Activity score o ¢ L IR 4

Social circumstances

Social class
Relationship status
Housing tenure 2 o ¢ °

Physical function

Grip strength L R 4
SF-36 physical function o ¢ L 4
Walking speed o ¢ ®
Fall history
Morbidity
Ischaemic heart disease o ¢ L 4
Stroke o ¢
Hypertension L R 4
Diabetes 4
Fracture history L ®
Osteoarthritis (hand)
Self-rated health L R 4 L R 4
Depression L
Anxiety L
Bronchitis o ¢
Medication o ¢ L I 2
Footnotes:
® readmissions model; € emergency admissions model; ™ elective only group in mutinomial
model; [! elective day case only group in mutinomial model

*Model stages:
1: Demo & anthro/Lifestyle/Social circs (univariate association);
2: Demo & anthro/Lifestyle/Social circs (adjusted for age and variables p<0.05 at stage 1);
3: Physical function/Morbidity (adjusted for age and variables p<0.05 at stage 2);
4: Final mutually adjusted model

157



Chapter 8: Discussion and conclusions

The findings presented thus far have been for the sexes combined. Table 26 shows that some of
the associations in the final (stage 4) models were sex-specific. In the case of the key common
drivers, SRH was a more consistent predictor of risk in women than in men, and the opposite was
true of NSM. At the same time, SRH was a more consistent predictor of emergency admission and
NSM of elective admission. Both variables were associated with readmission in both sexes.

Appendix F extends Tables 25 and 26 to show all four stages of the modelling process by sex.

In addition to the individual effects of predictor panel variables shown in Tables 25 and 26,
combined effects on risk of admission were identified in each of the papers, such that having

more risk factors conferred higher risk of admission among individuals (Figures 17 and 18).

In summary, this thesis has six key findings.

e Hospital Episode Statistics and Cohort Study data have been linked to produce a dataset
with added value. Within these data:

e There was a gradient across the admission types such that six variables were significantly
associated with readmission, five with emergency admission, four with elective
admission, and three with elective day case admission

e Two variables, SRH and NSM, acted as key common drivers of all admission types; in
addition, SF-36 physical function and history of smoking were common drivers of two
admission types each

e SRH was more consistently associated with emergency admission and NSM with elective
admission

e Likelihood of each type of admission rose with the number of risk factors an individual
had specific to that admission type

e SRH and NSM are markers of total burden of disease that could be documented in
primary care to flag up those at risk of hospitalisation. Effective public health strategies

are required to prevent risk in future generations

These findings are discussed in the following section.
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Table 26 Summary of relationships in final (Stage 4) models,

all admission types, by sex

Predictor variables

Men Women

Demography/anthropometry

Age

Height

Weight

Weight for height residual
BMI

Lifestyle

Smoking history
High alcohol intake
Activity score

Social circumstances

Social class
Relationship status
Housing tenure

Physical function

Grip strength

Low physical function
Walking speed

Fall history

Morbidity

Ischaemic heart disease
Stroke

Hypertension
Diabetes

Fracture history
Osteoarthritis (hand)
Self-rated health
Depression

Anxiety

Bronchitis
Medication

Footnotes:
® readmissions model
@ emergency admissions model
elective only group in mutinomial model

elective day case only group in mutinomial model
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8.3 Discussion of key findings

8.3.1 Data linkage

Routinely collected Hospital Episode Statistics have been combined with cohort data to create a
dataset with added value. Linkage of this sort has been advocated for by the Public Health
Research Data Forum (PHRDF) (Wellcome Trust, 2015), although their report outlines significant
practical challenges (Section 3.1). The experience gained during the project described here would
suggest that it is not the technical, statistical or operational issues cited by PHRDF that limit work
of this sort: it is the imposition of increasingly restrictive policies on the use of identifiable
personal data for medical research (Sections 4.10.3 and 8.4.4). This opinion is shared by other

researchers (Gilbert et al., 2015).

8.3.2 Gradient across admission types

A gradient was demonstrated across admission types, such that the number of risk factors
identified decreased as follows: six variables were significantly associated with readmission, five
with emergency admission, four with elective admission and three with elective day case
admission. This is consistent with the variation in number of type-specific risk factors summarised
in Table 4, and with greater numbers of explanatory variables for emergency over elective
admission in single populations in Leicester (Bankart et al., 2011; Chauhan et al., 2012), London
(Reid et al., 1999), the Thames Valley (Jones, 2006a) and Amsterdam (Galenkamp et al., 2016). No
previous study has extended the comparison to include readmissions or day cases, but if these
admission types represent the top and bottom of a spectrum of ‘seriousness’ (Section 2.4.4), it
seems reasonable that they should have the highest and lowest numbers of identifiable risk

factors.

8.3.3 Drivers of admission, by risk factor domain
8.3.3.1 Morbidity

The variables included in the morbidity domain were history of nine specific conditions, namely
ischaemic heart disease, stroke, hypertension, diabetes, fracture since age 45, hand osteoarthritis,
depression, anxiety, and bronchitis; alongside SRH and NSM: two markers of overall burden of
disease. Amongst these variables, in the final model, poorer SRH and higher NSM were key
common drivers of admission; history of ischaemic heart disease and history of fracture were
drivers of emergency admission and readmission respectively; no other associations were found.

SRH and NSM were included in the model as proxies for overall burden of disease. To understand
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the associations of these factors with admission, it is necessary to explore them in more detail

than was considered in Section 4.6.1.5.

Self-rated health and number of systems medicated: background

SRH is known to be surprisingly accurate in predicting mortality (Idler and Benyamini, 1997), long-
term patterns of hospitalisation (Kennedy et al., 2001), and more general health-service use and
help-seeking behaviour (Bowling, 2005). Chapter 3 showed that it had at least univariate
associations with ‘serious’ admissions in Scotland (Hanlon et al., 2007), emergency admission in
the US (Damush et al., 2004) and readmission in Hong Kong (Wong et al., 2010). In the
Netherlands, trends in emergency admission were partly explained by SRH and polypharmacy of 5

prescribed drugs or more (Galenkamp et al., 2016).

Although the replicability of response is not assured in SRH (nearly one third of people change
their response if questioned twice in a short time (Crossley and Kennedy, 2002)), the measure has
been assessed by psychometric theory and found to be robust. In her 2005 review of single

question markers of health, Bowling considers that this robustness has

‘at last achieved authoritative acknowledgement’ (Bowling, 2005 pp 344).

There has been much debate over what SRH really measures; what respondents consider when
making a simple evaluation of their health. In general, authors agree that self-rated health has
two distinct components: one is an objective measure of somatic state; the other a more

subjective filter conditioned by the context in which health is evaluated and reported.

The first component, somatic state, incorporates both physical and mental health, which have
strong, demonstrable associations with self-rated health (Pinquart, 2001). The strength of
association depends on the method by which somatic state is ascertained, but is known to be
strongest when number of chronic conditions is the gold-standard. This observation is consistently
true across Europe (Singh-Manoux et al., 2006; Verropoulou, 2009). The method by which
number of chronic conditions is ascertained is also important, medication use having lower
validity than symptom checklists (Pinquart, 2001). The mechanism by which somatic state impacts
SRH may be direct, for example through a diagnosis communicated to, or drugs prescribed for,
the respondent; or indirect, through signs and symptoms experienced by him or her. Clinical
measures not necessarily known to the respondent, including inflammatory markers, have been
shown to correlate with SRH, and it has been suggested that unconscious bodily sensations or
‘interoception’ may partly explain such links (Jylha, 2009). Beyond specific health problems,

objective physical function may also be considered by individuals in self-rating their health,
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although smaller associations are typically seen with physical function than with markers of

disease.

The existence of a second component can be inferred because SRH remains a reliable predictor of
survival even after objective indicators of health are controlled for (Putcha et al., 2013). The
literature suggests that this second component is contextual; broadly summarising the
characteristics that affect a respondent’s understanding of health and their expectation of it
(Jylha, 2009). These include, but are not limited to, age, gender, education, social class and family
history; the contextual component is therefore particularly mutable. This is demonstrated by
variations across European countries in the association of SRH with factors such as age, gender
and smoking, in contrast to the similarity in the association with number of chronic conditions

described above (Verropoulou, 2009).

In general, the literature suggests that older people have lower health expectations and
instinctively adjust for age in their evaluation of SRH. This results in an overestimate of health in
relation to younger cohorts, and means that SRH does not decline as fast as objective measures
suggest it should (Fayers and Sprangers, 2002). It also explains an observed weakening of the
associations of SRH with mortality (Layes et al., 2012) and with objective health (Pinquart, 2001)
among oldest-old individuals. Conversely, younger cohorts are known to understand and account
for health behaviours as risk factors in evaluating their health in a way that older cohorts do not

(Jylha, 2009).

The number of systems medicated broadly reflects the number of clinical conditions present
(Syddall et al., 2016), loosely mirroring the somatic component of SRH. It is a more objective
measure than overall SRH, because a physician must assess each condition before medication is
prescribed. In HCS, regular over-the-counter medicines were included in NSM to capture somatic
conditions that had not yet come to clinical attention. Since both choosing to consult a physician
and acquiring over-the-counter medication require a degree of subjective motivation, NSM is not

wholly objective.

Table 27 shows associations between SRH and other variables from the predictor panel in HCS
participants. In keeping with the literature, SRH did not significantly differ by age in HCS; although
given the narrow age range of the participants this is not surprising. Of the domains considered,
physical function and morbidity might arguably define the somatic component, and lifestyle and
social circumstances the contextual one. As might be expected, influences on SRH are apparent in
variables representative of both, though the greatest relative risks derive from the physical

function and morbidity domains.
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Table 27 Association between participant characteristics and risk of having low self-rated

health” in the Hertfordshire Cohort Study

Men Women
. . i n=1579 n=1418

Participant characteristic Relativ(e risk ! P- Relativ(e risk ! P-

(95%Cl) value (95%Cl) value
Demography and anthropometry
Age* 1.13(0.99,1.29) 0.060 1.05(0.93,1.18) 0.451
Height* 0.87(0.75,1.00) 0.046  0.83(0.73,0.94) 0.003
Weight* 1.16(1.01,2.33) 0.031 1.31(1.17,1.46) <0.001
Weight for height residual* 1.25(1.08,1.44) 0.002 1.43(1.26,1.61) <0.001
BMI* 1.25(1.11,1.42) <0.001 1.42(1.29,1.58) <0.001
Lifestyle
Ever smoked regularly 1.64(1.18,2.27) 0.003 1.50(1.18,1.92) 0.001
High alcohol intake 0.90(0.64,1.27) 0.534 0.77(0.40,1.49) 0.436
Activity score** 1.51(1.33,1.71) <0.001 1.57(1.42,1.73) <0.001
Social circumstances
Social class (manual) 1.42(1.05,2.91) 0.021 1.18(0.91,1.52) 0.209
Relationship status (never married) 1.50(0.96,2.34) 0.074 1.15(0.69,1.92) 0.586
Housing tenure (not homeowner) 2.15(1.63,2.85) <0.001 1.83(1.43,2.35) <0.001
Physical function
Grip strength** 1.31(1.13,1.51) <0.001 1.59(1.45,1.74) <0.001
Low Physical Function (SF-36) 4.45 (3.42,5.80) <0.001 5.38(4.24,6.82) <0.001
Waking speed (self-reported)*** 1.98 (1.70,2.31) <0.001 2.19(1.93,2.48) <0.001
Fall in past year 1.58(1.04,2.40) 0.033 1.20(0.90,1.60) 0.213
Morbidity
Ischaemic heart disease 2.34(1.75,3.13) <0.001 2.47(1.86,3.28) <0.001
Stroke or TIA 2.01(1.28,3.13) 0.002 1.87(1.12,3.13) 0.018
Hypertension 2.34(1.77,3.10) <0.001 2.05(1.59,2.63) <0.001
Diabetes 2.56(1.92,3.41) <0.001 1.91(1.44,2.53) <0.001
Fracture since 45yrs age 0.71(0.44,1.12) 0.143 1.11(0.83,1.49) 0.483
Osteoarthritis (hand) 1.00(0.71,1.40) 0985 0.82(0.64,1.05) 0.114
HAD-Depression 3.18(2.73,3.70) <0.001 2.72(2.34,3.16) <0.001
HAD-Anxiety 2.13(1.82,2.49) <0.001 2.17(1.91,2.47) <0.001
Bronchitis 2.84 (2.00,4.04) <0.001 2.65(1.90,3.69) <0.001
Number of systems medicated**** 1.65(1.54,1.78) <0.001 1.56(1.48,1.65) <0.001

Footnotes:

+ Defined by poor or fair categories of SRH variable
Relative risks are obtained from Poisson regression models where the outcome is having low self-rated health

* Estimates per higher sex-specific SD score
** Estimates per lower sex-specific SD score

*** Estimates per lower band of characteristic

**** Estimate per unit increase

All other estimates represent the presence vs absence of the characteristic
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Table 28 Association between participant characteristics and number of systems medicated in

the Hertfordshire Cohort Study

Men Women

Participant characteristic - (n=1579) - (n=1418)

Estimate P- Estimate P-

(95%Cl) value (95%Cl) value
Demography and anthropometry
Age* 1.17(1.12,1.23) <0.001 1.07(1.03,1.12) 0.002
Height* 0.96 (0.92,1.01) 0.134 0.93(0.89,0.98) 0.003
Weight* 1.10(1.05,1.16) <0.001 1.15(1.10,1.20) <0.001
Weight for height residual* 1.13(1.07,1.19) <0.001 1.19(1.14,1.25) <0.001
BMI* 1.13(1.08,1.19) <0.001 1.20(1.14,1.25) <0.001
Lifestyle
Ever smoked regularly 1.19(1.07,12.32) 0.002 1.18(1.07,1.29) 0.001
High alcohol intake 0.91(0.81,1.03) 0.127 1.09(0.87,1.37) 0.443
Activity score** 1.17(1.11,2.23) <0.001 1.20(1.15,1.26) <0.001
Social circumstances
Social class (manual) 1.03(0.93,1.14) 0.557 1.09(0.99,1.20) 0.066
Relationship status (never married) 0.94(0.77,1.16) 0.585 1.06(0.85,1.32) 0.596
Housing tenure (not homeowner) 1.21(1.08,1.36) 0.001 1.38(1.24,1.53) <0.001
Physical function
Grip strength** 1.15(1.09,1.21) <0.001 1.20(1.15,1.26) <0.001
Low Physical Function (SF-36) 2.13(1.95,2.34) <0.001 1.93(1.76,2.11) <0.001
Waking speed (self-reported)*** 1.32(1.25,1.39) <0.001 1.27(1.21,1.34) <0.001
Fall in past year 1.28(1.09,1.51) 0.003 1.14(1.03,12.27) 0.014
Morbidity
Ischaemic heart disease 1.60(1.44,1.78) <0.001 1.44(1.27,1.63) <0.001
Stroke or TIA 1.93(1.69,2.20) <0.001 1.64(1.36,1.98) <0.001
Hypertension 2.16(1.96,2.37) <0.001 2.09(1.91,2.29) <0.001
Diabetes 1.87(1.67,2.08) <0.001 1.56(1.40,1.74) <0.001
Fracture since 45yrs age 1.02 (0.88,1.19) 0.782 1.12(1.00,1.25) 0.044
Osteoarthritis (hand) 1.12 (1.00,1.25) 0.05 0.98 (0.90,1.08) 0.738
Self-rated health*** 1.47(1.39,1.55) <0.001 1.49(1.41,1.56) <0.001
HAD-Depression 1.67(1.50,1.86) <0.001 1.47(1.31,1.65) <0.001
HAD-Anxiety 1.37(1.27,1.47) <0.001 1.21(1.14,1.29) <0.001
Bronchitis 1.46(1.21,1.76) <0.001 1.45(1.21,1.75) <0.001
Footnotes:

Estimates are derived from Poisson regression models with robust variance estimation where the outcome is
number of systems medicated and the predictor is each variable in turn. Estimates represent the multiplicative

increase in number of systems medicated.
*Estimates per higher sex-specific SD score
** Estimates per lower sex-specific SD score

***Estimates per lower band of characteristic

All other estimates represent the presence vs absence of the characteristic
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Table 28 shows associations between NSM and other variables from the predictor panel in HCS
participants. In contrast to SRH, NSM shows small but significant associations with age,
notwithstanding the narrow range in HCS. This supports NSM as a more sensitive marker of
objective health than SRH. Influences on NSM, like those on SRH (Table 27), are drawn from all

domains.

Tables 27 and 28 also show strong associations between SRH and NSM. This might be expected
from the known overlap between the somatic component of SRH and NSM, and it could be
argued that including both in the model represents over-fitting. However, there is ample evidence
that subjective and objective measures capture distinct dimensions of health. In his 2001 review
of correlates of SRH, Pinquart reports common variance between subjective and objective health
of only 5-30%, suggesting that they are not good proxies for each other and leading him to
recommend that the two should be measured together in gerontological research (Pinquart,

2001). Including both in the models described here is therefore justified.

The dominance of SRH and NSM as key common drivers of admission (Table 25) provides a clear
and unsurprising signal that overall burden of disease, whether objectively or subjectively
assessed, is fundamental to the demand for hospital care. Table 26 shows sex differences in the

associations of the two variables with admission that will be discussed below.

Sex differences in self-rated health and number of systems medicated

The literature shows that sex differences in SRH result from both somatic and contextual
components. Clearly, biological differences result in objectively different experiences, but there is
abundant evidence of contextual differences also. Men are thought primarily to consider physical
health in making their assessment (Brunner, 2006), so that SRH is a closer representation of
objective health, and correlates more closely with NSM (Mavaddat et al., 2014) in men than in
women. Meanwhile women’s SRH, whilst slightly worse than men’s (Brunner, 2006), especially at
younger ages (Fayers and Sprangers, 2002), is less impacted by worsening physical condition
(Arber and Cooper, 1999). It may therefore be concluded that the subjective element of SRH

makes a greater contribution to the overall assessment in women than it does in men.

The dominance of physical health in men’s assessments may explain why the predictive power of
SRH for mortality is usually better in men, though sex differences are small and inconsistent
(Brunner, 2006). Contextual influences in women may be more likely to include emotional and
psychological factors that temper SRH but do not contribute directly to mortality. Indeed,
women'’s assessments have been argued to have greater associations with events other than

mortality, and over a longer timescale than men’s (Brunner, 2006).
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Table 26 showed that in HCS, SRH was the only baseline variable to predict all admission types in
women. In men SRH was associated with readmission and emergency admission, but not with
elective or elective day case admission. By contrast, NSM was the only variable to predict all
admission types in men. In women, NSM was associated with readmission, elective admission and

elective day case admission, but not with emergency admission.

Table 29 reproduces the estimates of association on which Table 26 was based. Although the
differences are small, estimates of association for SRH were greater in women for each admission
type; for NSM, they were more similar. Several plausible explanations exist for them. First, the
greater subjective influence of SRH in women might render it a more fluid measure than in men,
with gradations that drive an association with admissions of all types; meanwhile in men, a
threshold might exist in SRH that creates a more binary assessment, the lower level being
associated with the generally more serious conditions that result in readmission or emergency
admission but not with those that are treated electively. Secondly, women’s greater readiness to
engage in help-seeking behaviour (Galdas et al., 2005) could underlie the association of SRH with
elective admissions, if it led to an increase in the number of elective admissions in women relative
to men at the same level of SRH. It could also explain the absence of an association between NSM
and emergency admission in women if earlier consultation led to treatment that inflated both

NSM and elective admission and simultaneously averted emergency admission.

Table 29 Estimates of association in the final model between self-rated health, number of

systems medicated and all admission outcomes

Men Women

Estimate* (95% Cl) P-value Estimate* (95% Cl) P-value
Self-rated health (SRH)
Readmission 1.16 (1.06,1.27) 0.002 1.36 (1.18,1.57) <0.001
Emergency 1.12 (1.03,1.22) 0.006 1.18 (1.06,1.32) 0.003
Elective 1.14 (0.96,1.35) 0.142 1.38 (1.16,1.65) <0.001
Day case 1.07 (0.88,1.30) 0.515 1.35(1.10,1.65) 0.005
Number of systems medicated (NSM)
Readmission 1.11(1.04,1.18) 0.001 1.12 (1.05,1.20) 0.001
Emergency 1.11(1.05,1.18) <0.001 1.05(0.99,1.12) 0.089
Elective 1.28 (1.09,1.51) 0.002 1.27 (1.11,1.44) <0.001
Day case 1.26 (1.05,1.51) 0.015 1.21(1.04,1.40) 0.011
Footnote:

Estimates of association are per band increase in SRH and per unit increase in NSM.

Relative risks were derived from Poisson regression models for the readmission outcome (Chapter 5); hazard ratios
were derived from PWP-TT models for the emergency admission outcome (Chapter 6) and relative risk ratios were
derived from multinomial logistic regression models for elective (Chapter 7) and day case (Appendix E) admission
outcomes.
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A third possible explanation for the association of all admission types with SRH in women but not
in men relates to the length of the follow-up period, since, as stated earlier, SRH is predictive over
a longer timescale in women than in men, and is associated with a wider range of outcomes
(Brunner, 2006). This superior predictive power could underlie the association of SRH with all
admission types in women, but with only the serious outcomes that happen closer to death in
men. Finally, differences in methodology could mean potential excess mortality among men has
not been adequately accounted for in the elective admission results. This possibility is discussed in

Section 8.5.3

Whether these sex differences are reproducible, and whether they reflect differing sensitivities of
SRH and NSM, variation in help-seeking behaviour, differential length of prediction or a
combination of influences, and notwithstanding the caveat of a possible mortality bias, the
findings do not undermine the clear message that together, these two markers of overall burden

of disease at baseline in HCS were strongly associated with subsequent hospital admissions of all

types.

Associations of other morbidity variables

In contrast to the powerful associations of SRH and NSM across admission types and sexes, the
limited influence of single markers of disease was striking. Only two other associations were
found: between baseline IHD and increased risk of emergency admission; and between history of

fracture since age 45 and increased risk of readmission. Both were specific to men.

The first, between baseline IHD and subsequent emergency admission may simply reflect the high
prevalence of acute events among men with IHD. The lack of an association in women could result
from sex differences in presentation: first, women with IHD are less likely to suffer acute events
than men, so may be more likely to be referred electively; secondly, the onset of IHD in women is
typically 10 years later than in men (Douglas, 2017). If women diagnosed with IHD at baseline
were at an earlier stage of the disease process, the follow-up period may have been too short to
detect an association with emergency admission among them. This finding demonstrates the
improved discernment of individual level data over ecological studies: previous work that used
practice-level prevalence of coronary heart disease as a measure of chronic ill health in

Leicestershire showed no association with emergency admission (Chauhan et al., 2012).

The other association to withstand mutual adjustment was between fracture since age 45 and
readmission in men. A probable explanation is the attenuation of fracture risk among women, but
not among men, by NSM. Table 28 confirms that prior fracture is associated with baseline NSM in

women but not in men, suggesting that women who fracture bones in later life receive
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medication whilst men do not. This is consistent with women’s fractures leading to a diagnosis of
early, treatable osteoporosis whilst trauma is considered a more likely cause in men of the same

age. Why the association is limited to subsequent readmission is unclear.
Overview of morbidity domain

Collectively, the findings from the morbidity domain show that SRH and NSM are dominant
predictors of hospital admission of all types. Other morbidity domain predictors have little impact
beyond sex-specific effects of IHD (on emergency admission) and fracture since age 45 (on
readmission). Together, poor SRH and increased NSM summarise disease status. Thus it is
concluded that, among community dwelling older people, generalised morbidity predicts hospital
admission more effectively than any specific morbidity. This concurs with the evidence
summarised by the literature review, which suggested that markers of general disease were more

consistent risk factors across the spectrum of admission types (Section 3.3.5).

If generalised morbidity results from an accumulation of diverse single conditions, SRH and NSM
could stand proxy for multimorbidity, notwithstanding the complex relationships between the
three. Pinquart argues that, although SRH is conceptually separate from multimorbidity, the
preferential prediction of SRH by number of chronic conditions over single conditions is explained
by an age associated increase in multimorbidity (Pinquart, 2001). This is supported by associations
between SRH and multimorbidity that have been reported among middle-aged and older people
in EPIC-Norfolk (Mavaddat et al., 2014) and the 1946 Birth Cohort (Pierce et al., 2012). In both
cases, multimorbidity was characterised by a chronic disease count, of which NSM is an example.
However, NSM is a substitute for neither SRH (which has an important contextual component; see
page 157/8), nor multimorbidity (which is impacted by severity of conditions, simultaneous
presence of symptoms and functional limitation; Section 2.2.3). Moreover, the work described
here shows that NSM has associations with hospital admission in men beyond those identified by

SRH. This justifies the use of SRH and NSM together to stand for multimorbidity.

8.3.3.2 Physical Function

The variables included in the physical function domain were grip strength, SF-36 Physical Function
score (SF-36PF), self-reported walking speed and history of falls during the past year. Amongst
them, in the final model, only SF-36PF was a common driver of admission; slow walking speed was

a driver of readmission; no other associations were found.
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SF-36 Physical function: background

SF-36PF determines capability to perform a range of everyday tasks: an important part of older
people’s definition of health (Morgan, 2003). Although it has been suggested as a marker of
current and future health (Cooper et al., 2011), poor physical function does not constitute illness
per se. Rather than including it with the morbidity variables, this thesis has therefore considered it

as a discrete domain, whilst recognising close links with morbidity (Figure 6).

The finding in HCS that low SF-36PF was associated with increased risk of emergency and elective
admission in the final, mutually adjusted model, shows that it had a contribution to the risk of
admission over and above its recognised action through SRH (Pinquart, 2001). This suggests that
aspects of physical function that do not impact SRH nevertheless contribute to risk of admission.
In the case of emergency admission, independent effects might act through increased risk of
accident, though the lack of association between falls and any admission outcome is noted. For
elective admission, such influences might act through procedures that improve physical function
such as arthroplasty or removal of cataracts. A further explanation for the independent effect
might be a differential decline in predictive validity over the follow-up period, such that more
rapid decline in physical function increases risk of admission above that conferred by baseline
SRH. The absence of association between physical function and readmission is noteworthy, and
may be an unintended consequence of the methods adopted (See discussion of walking speed

below).

SF-36 Physical function: sex differences

Physical function declines faster among women than among men in later life, first because
women’s smaller size endows them with less muscle and bone, and secondly because hormonal
changes at the menopause accelerate the rate of loss (Kanis and Pitt, 1992; Shaw et al., 2017). In
addition, women’s longer lifespan means they survive longer with diminished physical function,

leading to proportionately lower health expectancy (Section 2.1.2).

In HCS, low SF-36PF was associated with emergency admission in both sexes, and with elective
admission only in women. The more rapid decline in physical function in women might explain the
association with elective admissions that was seen in women but absent in men if women
required earlier (elective) intervention to improve physical function, but both sexes were at risk of
accident, and thus of emergency admission. In addition, the suggested explanations for sex
differences in the associations between SRH and admission (a threshold effect, help-seeking
behaviour, a mortality bias) might apply differentially to associations with physical function, which

was also self-rated.
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Associations of other physical function variables

Variables within the physical function domain are known to correlate closely; the pattern of
significant associations with admission at stage 3 reflected this (Table 25). Variables that were
significantly associated at this stage were therefore subjected to an intermediate model to
determine which should progress to the final stage. On this basis, low SF-36PF was included in all
three final models and in addition, walking speed was included in the model for readmission. The
inclusion of two physical function variables in the final model for readmission may have weakened
the association with each of them, and thus explain why walking speed, rather than physical
function, was identified as a risk factor for readmission among men, whilst among women,

neither variable was associated with readmission.

Overview of physical function domain

Collectively, the findings from this domain show that physical function has an independent effect
on all but elective day case admissions. The optimal marker for physical function in this context
may be dependent on admission type, or on the overall condition of the study population. In frail
populations, the literature review identified associations between readmission and more extreme
markers of physical function, such as the Barthel Index of ADL limitations (Garcia-Perez et al.,
2011; Pedersen et al., 2017); this thesis shows that risk is discernible in non-frail populations also.
Markers of capability, as exemplified by SF-36PF, and markers of lower limb function such as
walking speed have stronger associations with admission than markers of upper limb function (for

example grip strength), confirming previous work from the USA (Cawthon et al., 2009).

8.3.3.3 Social circumstances

The variables included in the social circumstances domain were social class, relationship status
and housing tenure. Amongst them, in the final model, there were no common drivers of
admission; housing tenure and relationship status were drivers of readmission and elective

admission respectively; no association was found with social class.

Background

Social inequalities in health are well recognised (Marmot, 2011) and clearly contribute to the
burden of hospital admissions through their effect on morbidity. Variations have been described
in equity of access to hospital services, such that whilst deprivation is associated with increased
risk of emergency admission, there is a bias towards higher socioeconomic groups among elective

admissions (Dixon et al., 2007; McCartney et al., 2013).

Associations
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Not being a home owner was associated with increased risk of 30-day readmission among
women; in men there was no effect. No association was found with any other admission type in
women or with any admission type in men. Proportionately more women than men lived in
rented homes at baseline in HCS (22.1% vs 18.9%)(Table 10); combined with generally poorer
pension provision and higher prevalence of widowhood (Vlachantoni, 2012), this failure to
accumulate wealth across the lifecourse confers a particular disadvantage on women who rent
their homes. Nevertheless, independent effects were seen only for readmission in this most

disadvantaged group.

Never having married, although unusual in HCS, (6.9% of men and 5.2% of women had not
married (Table 10)) was associated with a halved risk of elective admission among men in the
multinomial analysis (Chapter 7). No association was seen with any other admission type in men
or with any admission type in women. This negative association could reflect a mortality bias that
has not been accounted for in the analysis of the ‘elective only’ group in the multinomial analysis
(see Section 8.5.3): never married people have a mortality rate three times greater than those
who are currently married (Gjonca and Marmot, 2005), with reports of larger differences in men
(Lillard and Panis, 1996). If this were the explanation, one might expect never-married status to
be associated with increased membership of the ‘emergency admission or died’ group in this
analysis, but it was not; the estimate of association, although non-significant, was still below one.
An alternative, and therefore more likely, explanation is that never having married is associated
with reduced help-seeking behaviour among never-married men (compared to other men). There
is ample evidence to suggest that men are generally less ready than women to seek help from a
healthcare provider when they are ill, and that this behaviour varies with social factors, such that,
for example, men of lower social class are least likely to consult a doctor (Galdas et al., 2005).
Intuitively, one might expect help-seeking behaviour for routine problems that would present
electively to be reduced among older men who had never married compared to those who had;
one might also expect that more urgent problems which could not be overlooked would continue
to present as emergencies. This would explain the discrepancy between admission types
demonstrated here, which build on the findings of a study in Sweden that compared admitted
with non-admitted middle-aged and older people, and showed that unmarried or widowed men
were at lower risk of any admission than married men (Hallgren et al., 2016b). There was no

analysis by admission type.
Overview of social circumstances domain

In contrast to the literature previously reviewed, this research found no evidence of opposing (or

indeed any) effects of social class on elective and emergency admission (McCartney et al., 2013),
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even in univariate (stage 1) models. The other measure of deprivation considered was housing
tenure; this had some early associations, but they were largely attenuated by mutual adjustment.
Together with the single association of marital status with elective admission, this suggests that,
at least in HCS, the effect of social circumstances on hospital admission is largely mediated

through inequalities in health, rather than by direct independent effects.

8.3.3.4 Lifestyle

The variables included in the lifestyle domain were ever having smoked regularly, having an
alcohol intake above sex-specific limits that were, at baseline, recommended by the Department
of Health, and having low levels of customary physical activity. Amongst them, in the final model,

history of smoking was a common driver of admission; no other associations were found.

Background

There is overwhelming evidence that smoking is harmful to health (Doll et al., 2004); an effect on
risk of admission mediated through morbidity is therefore expected. In the final mutually adjusted
models, history of regular smoking was shown to be associated with increased risk of readmission
and emergency admission; it was not associated with membership of the ‘elective only’ group in
the multinomial model. Effects of smoking on admission, independent of those mediated through
morbidity (as assessed by SRH and NSM at HCS baseline), might be explained in two ways. First,
the lag between baseline assessment and admission could attenuate the effect of morbidity if
smoking related disease was slow to develop, though this seems unlikely as smoking histories
were typically long. Alternatively, denial among smokers of the effect of the habit on their health
could lead to a mismatch between SRH and admission outcomes, in keeping with literature that
suggests older people do not account for health behaviours in assessing their SRH (Jylha, 2009).
The lack of association of smoking with elective admissions in either sex may result from smokers
being more likely to belong to the ‘ever emergency or died’ group in the multinomial model; a

bias that in this case affected both sexes.

Sex differences

The association of smoking with readmission that was unique to men contrasts with associations
between smoking and emergency admission in both sexes. This suggests that the sex difference in
readmission may be explained by excess male mortality, rather than differing exposures to
smoking masked by the binary variable used to separate those who had ever smoked from those

who had not.
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Overview of lifestyle domain

The effect of lifestyle behaviours on hospital admission was mixed. Smoking had independent
effects on hospital admissions other than electives, over and above effects that were mediated
through morbidity. Alcohol consumption and physical activity did not. These findings broadly
mirror evidence from UK cohorts (Section 3.2.5), which suggested that, of the three behaviours,
only smoking was consistently associated with risk of overall or serious admission across the

cohorts.
8.3.3.5 Demography and anthropometry

Men were significantly more likely than women to be admitted to hospital, to experience
readmission or emergency admission, and to die. There were no sex differences in membership of
the elective only group in the multinomial model. All analyses of association with predictor panel
variables were conducted for men and women separately. The variables included in the
demography/anthropometry domain were age, height and three measures of adiposity. Amongst
them, in the final model, there were no common drivers of admission; weight for height residual

was a driver of day case elective admissions; no other associations were found.
Associations

Associations with admissions were limited to a single finding relating to weight for height residual:
thinner men (those with lower weight for height residual) were at increased risk of elective day
case admission. This variable was carried forward to the final stage in the multinomial model and
its 4-group extension (Appendix E) due to increased risks of elective and emergency admission at
stage 2 among women with higher weight for height residual; there was no relationship among
men at this stage. The relationship among women was eradicated by mutual adjustment in both
final models, with the appearance of an opposing relationship in men specific to the day case
elective group. Although negative confounding could have masked a true association in men until
the final stage, it seems more likely that this unprecedented finding is due to chance. The
literature review (Section 3.2.5) found risk of admission generally to increase with BMI;
associations with lower BMI were reported only for psychiatric admission in either sex (Lawlor et

al., 2007) and for any admission among women categorised as underweight (Hart et al., 2007).
Overview of demography and anthropometry domain

Risk of admission was generally higher among men; no convincing associations were observed

between age or any anthropometric variable and hospital admission.
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8.3.3.6 Summary, all domains

The findings described show that the key common driver underlying all admission outcomes in
both sexes was multimorbidity, defined collectively by NSM and SRH. Apart from NSM and SRH,
no single variable retained associations with all admission outcomes in the final, mutually
adjusted models, though each of the domains had at least some influence on admission. The
physical function domain was associated with increased risk of all outcomes except elective day
cases through either poor SF-36PF or slow self-reported walking speed; the lifestyle domain was
associated with increased risk of readmission/death and emergency admission/death through
history of ever smoking; and the social circumstances domain was associated with increased risk
of readmission/death through renting, rather than owning one’s home and with elective
admission through never having married. Men were at higher risk of admission than women, but
otherwise, relationships with the demography/anthropometry domain were more tenuous, as

described in Section 8.3.3.5.

« Baseline > Follow-up —

Lifestyle
Physical
function

Readmission*

3 Emergency™
{| Demography & Multi =i

: graphy ‘health’ i

{| anthropometry morbidity

Morbidity

al

Social
circumstances

Admission
Distal Medial Proximal Outcome
* or death

Figure 20 A posteriori update of conceptual framework showing relationships
between domains of predictor variables and admission outcomes

(Source, author)

These findings inform a redrafting of the conceptual framework proposed earlier (Figure 6). Figure
20 introduces an additional category at baseline representing multimorbidity, which now occupies
a position proximal to the admission outcomes, pushing the ‘health’ category into a medial

position. Associations between predictor domains and admission outcomes are shown by arrows

174



Chapter 8: Discussion and conclusions

colour-coded as in Tables 25 and 26, demonstrating that associations with all outcomes act
through multimorbidity whilst all other mutually adjusted associations are specific to admission
type. The lifestyle and social circumstances domains, whilst still distal to the outcomes, have been

moved somewhat closer to them, on the basis of the associations shown.

This positioning of multimorbidity on the causal pathway between morbidity and admission
outcome is purely pragmatic: it represents recognition that the development of multimorbidity
requires first that there should be morbidity. It is not indicative of later measurement; all baseline
variables were measured contemporaneously, though arguably it could represent a more

advanced state (of any given variable or variables) at baseline.

Moreover, the identification of independent predictors of admission does not diminish the
importance of other domains in their contribution via morbidity and multimorbidity (Table 27,
Table 28), nor the possibility of reverse causation between ill health and other domains. It does
not tell us what causes what. This causal sequence is important: if differences in SRH and NSM are
ultimately due to variation in the other predictors, SRH and NSM could be used to understand
current demand, but prevention ultimately depends on intervening earlier in the lifecourse in the

most important predictors of SRH and NSM.

8.3.4 Drivers of admission, by admission type

It is apparent from Table 26 that associations of SRH and NSM were seen in both sexes for
elective and elective day case admission with NSM; for emergency admission with SRH; and for
readmission with both SRH and NSM. Associations between the elective admission outcomes and

SRH, and between emergency admission and NSM were sex-specific.

Although caveats apply regarding the magnitude of the differences (Section 8.3.3.1; Table 29),
these subtle and hitherto unknown variations in association by admission type suggest that
elective admission was most widely associated with objectively poor health (NSM), emergency
admission with more subjectively poor health (SRH), and 30-day readmission (which included
both admission methods) was associated with globally poor health as defined by both SRH and
NSM. These observations could reflect the role of a common arbiter: the individual who rates his
or her health poorly also, in many cases, refers him or herself for emergency treatment either
directly or via the ambulance service (National Audit Office, 2013). Conversely, the fact that NSM
was the only variable associated with elective admission in both sexes could be explained by citing
the physician as common arbiter, since acquiring medication and referral for elective treatment
both require a medical opinion, excepting a few over-the-counter medications. Readmissions

included both elective and emergency cases and were associated with SRH and NSM in both
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sexes, suggesting that the two arbiters agreed in identifying those whose health was

unequivocally poor.

8.3.5 Accumulation of risk

The combined impact of risk factors was demonstrated graphically for readmission in Chapter 5
(Figure 17) and emergency admission in Chapter 6 (Figure 18). Chapter 7 presented a statistical
estimate of the increase in risk of ‘only elective’ admission associated with each additional risk
factor; this was harder to dissect from the multinomial model because individuals with multiple
risk factors were more likely to belong to the ‘ever emergency or died’ group. In all cases, a
gradient existed among cohort members such that risk of admission increased steadily with the
number of type-specific risk factors an individual had. This was consistently so for men and

women.

Figure 21 shows the impact of increasing numbers of risk factors on a range of outcomes across
individuals’ admission histories. Considering just the four common drivers of admission that have
been elucidated (history of smoking, low SF-36 physical function, SRH and NSM), each of the
panels shows the percentage of men and women who experienced a given outcome according to
the number of risk factors they had. The figure demonstrates a particularly marked accumulation
of effect for more adverse admission histories; for example, 62% of women in the highest risk
factor category had 3 or more admissions, compared to 20% of those who had no risk factors.
Although greater proportions died among people with more risk factors (bottom right), the effect
of death is barely discernible between outcomes representing admission alone and those that

combine it with death, due to high admission rates in those who died.

Even among those with no risk factors, high proportions of people were admitted: 67% of men
and 56% of women with no risk factors had at least one admission during the follow-up period
(top left). This high use of health services, even in the absence of known risk factors, has been
noted previously in EPIC Norfolk (Luben et al., 2016)(Section 3.2.1). Interestingly, the authors of
that study found the association between number of risk factors and hospitalisation to diminish
after the age of 75; perhaps because the risk factors they identified (male sex, manual social class,
low education, current smoking and BMI>30) excluded any measure of (multi)morbidity or

physical function. It is these variables that, with smoking, drive the associations described here.
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8.4 Policy Context

The research described in this thesis was conducted in a cohort followed-up through early old
age. They lived in the affluent south east of England and were known to exhibit a healthy
participant effect. Their need for hospital services was nevertheless high, even among those who
had none of the risk factors that were identified. Older and poorer populations have higher
admission rates (Health and Social Care Information Centre, 2014a) associated with higher
prevalence of risk factors (Melzer et al., 2012); in addition, demographic pressures from ageing
baby boomers are predicted to impact on hospital admissions from 2020 (Section 2.4.4). Policy
measures to address the need for healthcare are therefore paramount, but must be considered
against the background of constraints on health and social care expenditure and political

uncertainty surrounding Brexit.

An important tenet of health policy is to reduce admissions to hospital and so reduce costs
(Section 2.5). The most recent initiative with this aim, local Sustainability and Transformation
Plans, were published in October 2016, describing measures to develop new care models and use
resources more effectively. It is widely believed that in reality, many of these plans actually
propose to cut services (Oliver, 2016a; Ham et al., 2017). Preventing unnecessary admissions has

never been more important.

Policies which seek to avoid admission are specific to the type of admission they target and/or to
the sector where intervention might be effective. The implications of the findings of this PhD to

policy are discussed by sector below:

8.4.1 Secondary care

Measures aimed at the prevention of 30-day readmission are targeted towards acute hospitals,
where a policy of non-payment for selected readmission within 30 days of discharge has been in
operation since 2011 (Section 2.5.2). This is intended to provide an incentive to hospitals to
improve care and discharge planning with the aim of reducing emergency readmission following
elective admission by 25 percent, alongside locally agreed targets for other readmissions
(Department of Health, 2010). The effect has been a loss of income estimated to average £5m per
hospital trust (Foundation Trust Network, 2011), with no obvious reduction in rates of
readmission (Health and Social Care Information Centre, 2013a). This is unsurprising; risk of
readmission stems from factors related to the individual and to community care as well as to the
hospital, in addition, many index admission/readmission pairs have unrelated diagnoses (Conroy
et al., 2013); suggesting that readmission may be a marker of vulnerability rather than an

inadequately treated specific morbidity.
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Chapter 5 identified six patient-related risk factors for readmission; self-rated health and number
of systems medicated conferred risk in both sexes, whilst history of smoking, home ownership,
walking speed and fracture since age 45 each affected one sex or the other. Baseline
measurements were always made before the index admission, sometimes many years earlier. The
implications are twofold: first, the impact of patient-related risk factors suggests that the policy of
penalising hospitals for readmissions is unjust, and secondly that identification of those at risk of
readmission might be possible in a primary care setting, with the potential to prevent not only the
readmission but also the elective or emergency index admission that precedes it. The risk factors
identified require no clinical testing and could be determined using a short screening

questionnaire, in accord with the recommendations of previous research that:

‘Efforts to reduce readmissions must look beyond the current focus on a single hospital discharge

and transition period’ (Black, 2014 pp e200).

8.4.2 Primary care

Measures aimed at the prevention of emergency and elective admissions are targeted towards
the primary care sector, where since 2004 the Quality and Outcomes Framework (QOF), has
provided GPs with financial incentives for identifying and managing common chronic diseases,
discouraging smoking and implementing preventive measures, in the belief that reduced
admission rates will follow. Around 25 individual criteria, or ‘indicators’, are enumerated by QOF
with minor variations from year to year (NHS Employers, 2017). There is evidence that, against a
backdrop of a 34% increase in rates of all-cause emergency admission, rates specific to
incentivised conditions fell by 10% between 1998/9 and 2010/11 (Harrison et al., 2014).
Nevertheless, QOF single disease indicators have been criticised for inadequately representing the
needs of an increasing population of older people with multiple complex problems (Roland and

Guthrie, 2016).

The work described here suggests that those at risk of admission might be identified by the two
risk factors that were common to all admission types: poorer self-rated health and higher number
of systems medicated, neither of which is currently specified among QOF indicators. The future of
QOF is unclear (Roland and Guthrie, 2016), but this work suggests that, whatever replaces it, self-
rated health should be recorded in general practice. Others have argued that poor SRH should be
addressed (Kennedy et al., 2001; Jylha, 2009; Mavaddat et al., 2014); this work supports that view
and further suggests that the coexistence of other risks is important. In HCS, 13.3% of participants
had fair or poor SRH; 37.3% had two or more systems medicated; but only 9.3% had both, thus

the number of patients identified by the coexistence of these two risk factors would be modest,
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and could be further refined with reference to gender, smoking and physical function. Such

patients could then be targeted for interventions to support self-management (Section 2.5.2).

8.43 Public health

The previous sections considered how the key findings of this thesis might be applied to the
identification of those at greatest risk of admission. There is, however, an alternative approach. In
the 1980s, Geoffrey Rose demonstrated that altering the risk of a whole population can have a
greater effect on the incidence of disease than targeting those at highest risk: a large number of
people at a small risk may give rise to more cases of disease than the small number who are at
high risk (Rose, 1985). The same is true of hospital admissions: most do not involve the highest
risk individuals, thus the greatest benefits might be achieved by reducing population risk (Roland
et al., 2005). Risk reduction via effective public health measures is therefore important, although
if risk of admission is transmitted through multimorbidity, the potential for reduction among

those who already have several chronic diseases may be limited (Oliver, 2017).

The real benefits of this strategy might be realised through the lifecourse perspective (Section
2.2.2) if future admissions could be reduced by the prevention and management of
multimorbidity in younger generations. This is particularly relevant to the ‘baby boomers’ who, at
age 60-64, already had multimorbidity of 39% in men and 38% in women (Section 2.2.3 (Pierce et
al., 2012)), and who, it has been predicted, will increase the contribution of age effects to overall
admissions from 2020 (Section 2.4.4 (Wittenberg et al., 2015)). The 2015 annual report of the
Chief Medical Officer (CMO) was focused on the health of this demographic (Davies, 2015). It
compared differing cohort effects in health of baby boomers and those born a generation earlier
(amongst whom HCS participants belong) finding that baby boomers have lower rates of mortality
but unchanged morbidity, and will face a longer period of ill health in later life than those studied
here, with serious repercussions for hospital care. However, the report goes on to point out that
three modifiable risk factors (poor diet, tobacco and high BMI) accounted for 45% of the disease
burden in 50-69 year-olds in 2013, implying that a large proportion of the burden may be
preventable. The report therefore finds that a window of opportunity exists to improve
individuals’ health now in anticipation of old age, areas for improvement being increases in
physical activity alongside reductions in tobacco consumption, obesity and overweight. The
research described here suggests that policies aimed at addressing tobacco consumption might
have a direct impact on hospital admission. Although neither physical activity nor adiposity had
convincing independent effects on admission of any type in the mutually adjusted models
presented here, both have unequivocal effects on health (Sections 4.6.1.1 and 4.6.1.2); policies to

address them are therefore to be welcomed.
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The CMO observes a diminution of social stratification in diabetes and overweight as rates rise,
but finds that otherwise inequalities in health and access to healthcare persist. The findings of this
research show that although the effects of deprivation (assessed by housing tenure) on risk of
admission were largely attenuated in the mutually adjusted model, there were strong associations
with emergency admission and readmission in the earlier stages, particularly among women.
Measures called for by the CMO to improve the health of the most deprived are therefore to be
welcomed. A further implication of the research presented here relates to hospital admission
among men. The CMO notes that the proportion of men aged 60-64 who live alone more than
doubled from 9.6% in 1985 to 21.8% in 2009, although the proportion who had never partnered
was equivalent to that in HCS. In the light of the observed reduction in risk of elective admission
among HCS men who had never married, policy should ensure that men (particularly lone men)
are encouraged to present for screening and to seek help when symptoms arise; missed
opportunities to intervene at an early stage of the disease process might otherwise lead to an

increase in emergency admissions among this population.

The CMO focuses on the baby boomer generation because they are the people who will impose
the greatest demand on the economy and health and social services in the coming decades.
However, the lifecourse approach suggests that even earlier intervention would more effectively
prevent multimorbidity, thus public health initiatives right across the lifecourse are crucial to curb

demand on hospitals in the longer term.

8.4.4 Use of routinely collected data in research

The Health and Social Care Act (2012) made extensive changes to the management structure of
the NHS (Department of Health, 2012a) and, at the same time, provided a legal basis for research
in this new architecture. The Health Research Authority (HRA) and NHS Digital were created by
the legislation to facilitate this, and a duty was placed on the Secretary of State to promote
research on matters relevant to the health service and apply evidence obtained to the NHS
(Department of Health, 2012b). Whilst these were laudable aims, they have led to the
replacement of an administrative structure in which the work described by this thesis was

possible with one where it is, at the very least, frustratingly difficult.

The 2012 Act introduced a dual legal basis for data sharing, whereby researchers had to either
have very explicit consent from patients or gain exemption from this requirement through Section
251 of the NHS Act (2006), which provides access to data without patient consent. NHS patients
were given the opportunity to opt out of the sharing of their data through this latter channel by

notifying their GP of their wishes.
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In HCS, consent was obtained from clinic participants granting researchers future access to their
GP records. When the HES data were obtained in 2010, this was accepted as implicit consent for
access to the brief, anonymous coded summaries extracted from their hospital records for linkage
to the HCS database, since all the fields it contained would be obtainable from the discharge
summary stored in the GP record. However, when the data sharing contract expired, a renewal
was refused by NHS Digital’s Data Access Advisory Group because, according to their
interpretation of the new law, the consent held did not satisfy the changed requirements. By that
time a substantial proportion of the cohort had died or had lost contact, and could not be re-
consented. It was therefore necessary to seek the opinion of a Research Ethics Committee (REC)
on the validity of the patient consent, and to submit it with an application for Section 251
exemption to the HRA’s Confidentiality Advice Group (CAG). This would allow the processing of
data on the presumption of no consent, though data obtained on this legal basis would, in future,

exclude individuals who had opted out of data sharing.

A very favourable response was received from the Cambridge and East of England REC (dated
September 2016): ‘the Committee is of the opinion to not allow linkage would undermine the
consent of participants and further it would be unethical not to allow this study to continue’. The
Section 251 application, submitted immediately, was approved by CAG in October 2016 but the
exemption certificate was not issued until six months later. Thus, in April 2017, a new application
was submitted to NHS Digital and triaged to a 60-working-day response. As of January 2018, a
decision is still awaited. These delays are unacceptable, not just for HCS but for cohort studies in
general: through its interpretation of the law, NHS Digital is preventing the very research it was
intended to facilitate. Without a valid data sharing agreement the papers that constitute the body
of this thesis cannot legally be submitted for publication, contributing to the ‘scandal’ of
unpublished research (Glasziou and Chalmers, 2017). Cohort studies are a rich resource accrued
over many years; like administrative data they have been collected at public expense; this thesis
shows that together the datasets are more valuable than either in isolation. Linkage requires not
only excellent cohort data but also a single, dominant healthcare provider: the UK is one of few

countries to have both, thus research using linked data has worldwide applicability.

The Digital Economy Act, currently progressing through Parliament, will provide ‘hew powers to
share personal information across organisational boundaries in order to improve public services’
(GOV.UK, 2017). It is to be hoped that a fresh policy perspective on the use of hospital data in

research will be enshrined.
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8.5 Strengths and limitations

The primary strength of the work described is in integrating Hospital Episode Statistics with the
cohort database; thus allowing exploration of individual level, as opposed to population level,
determinants of admission. HCS is among few cohorts in England to achieve such linkage and is
the only one to use the combined dataset to study hospital admissions of different types.
Strengths and limitations of the work described stem from three sources: the linked dataset; the
study design; and the comparison of the three papers. These elements are discussed in turn

below.

8.5.1 The linked dataset

The papers that comprise Chapters 5-7 of this thesis share a common linked dataset; strengths

and limitations that stem from the data thus apply equally to them all.
Strengths

The advantages of HES (Section 2.4.1, Section 4.2.1) as a source of follow-up data in an ageing
cohort cannot be overstated. Whilst failing health and moves into care settings threaten serious
attrition, the use of routinely collected data captures diagnostic and other information without
input from the participant and regardless of where in England they are treated. In addition,
linkage produces individual rather than ecological level data, and personal histories summarise
individual experiences rather than, as is usually the case with administrative data, a single
admission. Despite recent sharp increases in charges, HES data remain relatively inexpensive

when compared with bespoke data collected for research purposes.

The strengths of the Hertfordshire Cohort Study have been well rehearsed (Syddall et al., 2005a).
In brief, participants have been particularly well characterised and were community-dwelling at
baseline. Predictor panel data were prospectively collected and the follow-up period was long,
thus avoiding confounding by acute ill-health at the time of admission. To have demonstrated
credible relationships over a lengthy period of follow-up is a particular strength of the study; the
findings relating to baseline SRH and NSM are striking, particularly given the lead-time to

admission during which disease might be expected to develop or worsen differentially.
Limitations

There are also a number of limitations to the use of HES which have been addressed in more
detail elsewhere ((Simmonds et al., 2014b) Appendix A). First, although the validity of the data is

now largely accepted (Burns et al., 2012), some doubts remain about the accuracy of diagnostic
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and specialty coding (Brennan et al., 2012). Since only fact and method of admission variables
have been used here, any effect of sub-optimal accuracy on this research should be minimised.
Secondly, although HES data are collected from all patients admitted to NHS hospitals whether
they are funded by the NHS or privately, and from NHS funded patients admitted to private
hospitals; privately funded patients in private hospitals are excluded. Around 13% of elective
surgery was on these excluded patients in 2011 (Commission on the Future of Health and Social
Care in England, 2014), possibly biased towards procedures that have restricted availability on the
NHS (eg varicose vein removal or cosmetic surgery), and for the most part, funded by health
insurance among working-aged people. The proportion of privately funded hospital care is likely
to be lower among older people and for other admission types; however, if there is loss to follow-
up, it may differ by admission type and by socioeconomic group. A more serious problem of HES
data is that externally imposed limitations on data-sharing (see Section 8.4.4) make it unlikely that

this work could be either repeated or replicated at present.

Limitations also stem from the cohort data. A healthy responder bias has been demonstrated in
HCS between those targeted to attend clinic and those who did so (Section 4.9.1 (Syddall et al.,
2005a)), suggesting that cohort participants may not be representative of Hertfordshire. In
addition, the county is in the relatively affluent south-east of England where rates of hospital
admission, particularly emergency admission, are low (Blunt et al., 2010). Thus the experience of
hospital admission among HCS participants (the majority of whom remain in the county and
would appear among local data) may not match the national picture, though internal comparisons

relating risk factors to admission remain valid.

Cohort effects, whereby the unique lifetime experiences of each generation are associated with
particular health outcomes in old age (Section 2.4.4), must also be considered. Generational
differences in predictor variables, such as those described for SRH (Section 8.3.3.1), may alter the
relationship between risk factors and outcomes from one generation to the next, so that the

variables found to predict admission in HCS become more or less relevant in later generations.

Although frailty is an important limitation in later life (Section 2.2.3), it was not assessed at
baseline in HCS. During clinical follow-up, frailty was characterised by Fried criteria (Fried et al.,
2001), but to have included these data in the predictor panel would have compromised its wholly
prospective nature. The prevalence of frailty was low: 4.1% among 320 men and 8.5% among 318
women for whom data were available (Syddall et al., 2010). The prevalence of multimorbidity,
however measured, was higher (37.3% of the cohort had two or more systems medicated; 13.3%
had fair or poor SRH; 9.3% had both). Since frailty is believed to lie on the causal path between

multimorbidity and disability (Fried et al., 2001) our finding that multimorbidity underlies hospital
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admissions of every type may imply that we have identified a predictor that can be detected

earlier in the lifecourse than frailty.

8.5.2 Design and methods

A consistent study design runs through the three papers, each of which adopts the same predictor
panel (Section 4.6) and modelling strategy (Section 4.8.2). Methodological differences are
introduced with the definition of the three admission outcome variables (Section 4.7) and the

statistical technique chosen to derive estimates of association (Sections 4.8.2.1 — 3).
Strengths

The study design is responsible for a number of strengths which are common to all three papers.
First, the four-stage modelling process provided a robust, mutually adjusted assessment of the
interaction between risk factors from different domains (Section 4.8.2). For each outcome, the
pseudo R? statistic estimates the percentage of variation explained at each stage of the modelling
process. Secondly, the use of SD scores for continuous variables allowed within-paper
comparisons of the size of effect of different predictor variables. Thirdly, outcome measures were
adopted that broadly categorised the cohort into admission history groups for analysis and so
simplified the complex data. Death was also accounted for; this was considered particularly
important, since people who are nearest to death make the heaviest demands on hospital

services (Himsworth and Goldacre, 1999).

Of the techniques used to produce estimates of association; the PWP-TT method applied to the
emergency admission/death outcome was a particular strength of Chapter 6. PWP-TT uses
information from each defined failure event, in this case emergency admission, which a
participant experiences during the follow-up period. It was chosen to explore emergency
admissions after extensive research (Westbury et al., 2016), but was less suitable for the other

outcomes for reasons that are discussed in Sections 4.8.2 and 8.5.3.
Limitations

There are also limitations inherent in the study design. Although the three papers demonstrate
influences on admission arising from different risk-factor domains, they do not test the extent to
which the domains act through morbidity (or multimorbidity) as the conceptual framework
suggests they might. Since all the predictor variables were measured at the same time, no causal
pathway can be inferred (Babitsch et al., 2012); neither can changes in predictor variables or their

relationship to hospitalisation during the follow-up period be studied.
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Given the hypothesised relationships between domains, some co linearity between predictor
variables is to be expected. Tables 27 and 28 examined associations of SRH and NSM with the
remainder of the predictor panel. Other correlations were explored using a polychoric correlation
matrix. The associations that this showed were unsurprising: increased age was correlated with
hypertension; increased adiposity with low physical function and hypertension; history of smoking

with bronchitis; and increased deprivation with low physical function and history of smoking.

The advantages of the combined admission/death outcome strategy set out in Section 4.8.2 were
twofold: individuals whose outcome was worse than admission were assigned to an appropriate
comparator group; and any reduction in admissions due to mortality was accounted for. The
papers presented in Chapters 5-7 cite the inclusion of mortality data as a particular strength of
the study, and defend the combined outcomes on the grounds that few people were positive for
an outcome only because they died; most were also admitted to hospital at least once in their last
few years of life. However, the strategy also had disadvantages, in particular that risk factors for

admission and death could be indistinguishable.

In order to investigate the impact of death on the findings, analyses were repeated from which all
individuals who died were excluded (Appendix G). In these sensitivity analyses, smoking and slow
walking speed were no longer significant predictors of readmission among men (Appendix Gi),
suggesting that associations in the original models may have been driven, in part, by those who
died. For emergency admission, the same loss of effect of smoking was seen in men and women;
low SF36PF also lost its effect in women (Appendix Gii). Risk factors for the elective only group in

the multinomial model were unchanged (Appendix Giii).

Interestingly, for emergency admission, some new associations were apparent in these analyses:
with housing tenure in men and with activity score and NSM in women. This suggests that other
risk factors for emergency admission may be detectable in people who are further from death.
However, it should be noted that these analyses omit substantial groups of people who were
admitted to hospital and died (154 for readmission and 218 for emergency admission). These late-
life admissions are important, since admission rates are known to rise in the last few years of life
(Himsworth and Goldacre, 1999). Whilst acknowledging potential limitations of the chosen
strategy, this thesis adopted the view that to model admission without death runs the risk of

failing to identify the most important predictors of admission.

In contrast to the PWP-TT models cited above as a strength of the emergencies paper (Chapter 6),
the techniques applied to the other admission outcomes, whilst pragmatic, were somewhat
wasteful of information. Neither the binary ‘readmitted or died’ outcome variable used in Chapter

5 nor the ordinal ‘only ever elective’ outcome variable in Chapter 7 accounted for repeated
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admissions; however, the PWP model could not be used for these outcomes for reasons that are

discussed in Sections 4.8.2 and 8.5.3.

Although, for each outcome, the difference in the pseudo R? statistic between models estimates
an increase in the variation explained across the stages of the modelling process, its values are
always under 0.1 (ie the models explain less than 10% of the variation). This is in part due to the
methodology adopted: unlike the R?2 measure used in linear regression, McFadden’s pseudo R-
squared does not directly measure the proportion of variance explained, and investigators are
warned that values are likely to be considerably lower, so that values from 0.2-0.4 are considered
to indicate excellent model fit (McFadden, 1974). There is no preferable alternative to the R?

statistic for models that are estimated for binary and categorical outcomes.

The aim of the three papers was to investigate which of the variables in the predictor panel were
most closely associated with admissions of different types, rather than to produce a validated
predictive model. Although the coexistence of two measures of multimorbidity identified a
relatively small ‘at risk’ group in HCS (13.3% had fair or poor SRH; 37.3% had two or more systems
medicated; 9.3% had both), estimates of the prevalence of multimorbidity among older people
range from 55-98% (Marengoni et al., 2011); thus whilst multimorbidity (ascertained by these two
variables) is a strong predictor of admission its positive predictive value in older age groups than
HCS may be low. A pragmatic limitation of this finding is therefore how to apply it: perhaps it is
best interpreted as an indicator of the need to lower the population distribution of multimorbidity

as described in Section 8.4.3.
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8.5.3 Cross-paper comparison

The comparison of the three papers (Tables 25 and 26) is a source of both strengths and

limitations.

Strengths

The major strength of this research is that it uses the same dataset and the same modelling
strategy to examine three admission outcomes, allowing them to be compared. This has rarely
been done other than with ecological level data, and never for the three admission types
considered here. However, the complex data dictated different approaches to the definition of
the outcome variables; these required different methods of analysis and in turn produced
different measures of association. There are therefore several caveats to the cross-paper

comparison.
Limitations

The first of these is the potentially differential effect of death between the admission outcomes
summarised in Tables 25 and 26. The papers on readmission and emergency admission examined
the admission type or death as their outcome. In both, therefore a number of cohort members
who died were positive for the outcome although they had not experienced the admission type in
question. This excess accounted for 17.6% of those considered positive for the readmission/death
outcome and 4.3% of those positive for the emergency admission/death outcome. In contrast, the
multinomial paper, from which the summary on elective admission is taken, allocated those who
died to the highest of three ordered outcome groups, alongside emergency admissions. Twenty-
six people who died after experiencing only elective admissions were therefore excluded from the
elective only group. This deficit was small, accounting for 2.3% of those who only ever had
elective admissions or died. Overall therefore, the readmissions summary perhaps over
represents the effect of mortality in comparison to the other two papers; the summary for
emergency admissions includes a small excess due to death and the summary for electives a small

deficit.

In addition to those who died without experiencing a readmission or emergency admission, 19.3%
of those who were positive for the readmission outcome and 21.0% who were positive for the
emergency outcome died and experienced the admission type in question. Thus, in total, just over

a third of the readmission group and a quarter of the emergency admission group died.

The second limitation to the cross-paper comparison is that the different estimates of association

do not allow a quantification of the risk associated with each predictor variable relative to its risk
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in other admission types, other than by comparing the strength of the statistical associations.

Moreover, converting model outputs to risk estimates in relation to risk factor scores (Figures 17
and 18) required different approaches; in the readmissions paper, a probability was derived from
the Poisson regression model and in the emergency admissions paper a hazard ratio was derived
from the PWP model. Risk factor scores were not applicable to the multinomial model; instead, a

regression model was used to estimate the impact of each additional risk factor (Section 8.3.5).

To explore the impact of statistical analysis technique on the final model, Table 30 compares the
PWP model for emergency admissions, as summarised in Table 25, with the ‘ever emergency or
died’ group from the multinomial model. Significant associations from the PWP model are shown
by filled grey diamonds (for consistency with Table 25), and from the multinomial model by open
diamonds. The essential difference between the techniques is that the former captured
information from every emergency admission a cohort member had, whilst the latter categorised
individuals on the basis of ever having had an emergency admission. Death was included in each
of the outcomes, thus the techniques consider the same people positive for the same outcome.
The final models differ in just 4 particulars: history of IHD, which predicted admission in men in
the PWP model, was not significant in the multinomial regression model; conversely, not owning
one’s home, history of bronchitis and number of systems medicated achieved significance in
women in the multinomial regression that was lacking from the PWP model. Finding few
discrepancies between the modelling techniques is reassuring. It confirms the PWP model as the
technique of choice in view of its fourfold advantages, namely that it: captures information from
every emergency admission a cohort member experiences rather than just the first; reflects
increasing risk with accumulated admissions for an individual; excludes time spent in hospital
from time at risk of admission; and recognises that times to admission are correlated within an

individual’s admission history (Westbury et al., 2016)
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Table 30 Comparison of methods used to model emergency and elective admission;

findings from final (Stage 4) models

Predictor variables

Emergency

Elective

Men Women

Men

Women

Anthropometric

Age
Height
Weight

Weight for height residual

BMI

Lifestyle

Smoking history
High alcohol intake

Activity score

Social circumstances

Social class
Relationship status

Housing tenure

Physical function

Grip strength

Low physical function
Walking speed

Fall history

Morbidity

Ischaemic heart disease
Stroke

Hypertension

Diabetes

Fracture history
Osteoarthritis (hand)
Self-rated health
Depression

Anxiety

Bronchitis

Medication

OO

* O

Emergencies:
€ PWP model

<> ever emergency group in multinomial model

Electives:

only elective group in multinomial model

PWP model
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Table 30 also compares the ‘only elective’ group in the multinomial model, as summarised in
Table 25, with an additional analysis considering elective admission or death as the outcome in a
PWP model (Appendix H). Significant associations from the multinomial model are shown by filled
grey squares (so that they are again consistent with Table 25), and in the PWP model by open
squares. In this case, there is a substantial difference in the information captured: from those who
had only elective admissions and did not die on the one hand; and on the other, from every
elective admission a cohort member had, irrespective of whether they also had emergency
admissions, and from every cohort member who died. Not surprisingly, there are more
differences in the final models in this comparison: never having married among men and low
physical function among women were significantly associated with elective admission in the
multinomial model but not in the PWP model. Conversely, more variables were associated with
increased risk of elective admission in the PWP model: history of IHD and low SRH in men; older
age in women and smoking in both sexes. Renting one’s home was associated with reduced risk of
elective admission among men, suggesting that those who are economically deprived are less
likely to seek elective care. Thus the PWP model captures more admissions, among more people,
but many of those people also experience emergency admissions. Indeed, the predictors in the
final PWP model for elective admission are the same as the final PWP model for emergency
admission, but fewer are significant once they are mutually adjusted. This model, although more
sophisticated, limits the conclusions that can be drawn about the predictors of elective admission.

The use of the multinomial model is therefore justified.

One final limitation inherent in the use of differing techniques is that the PWP model used to
summarise risks for emergency admission or death in Table 25 accounts for time at risk of
admission or death, whilst the models used for the other outcomes do not. To examine any effect
on the results, the readmission and multinomial analyses were repeated, controlling for length of
follow-up (not shown). The only apparent difference in these models was that among risk factors

for readmission in men, increased age was of borderline significance.

Overall therefore, the limitations in the individual papers and the differences that check their
comparability are outweighed by the novelty of the linked dataset and by a design which divides

cohort members into contrasting groups according to their admission histories.
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8.6 Future research

The methodology and findings of the research described in this thesis have potential for

development in several ways.

8.6.1 Data-sharing agenda

A resolution to the access problems currently faced by researchers (Sections 4.10.3 and 8.4.4) is
fundamental to any future UK work using data linkage. The Digital Economy Act presents an

opportunity to address the following issues:

First, to ensure that wherever possible patient consent is the legal basis for data sharing, the
validity of consent collected in a manner approved by a Research Ethics Committee in the past
needs to be upheld, even if that consent does not meet the more exacting standards of today.
Many longitudinal studies are affected by this problem; to deny access to data goes against the
spirit of the participants’ agreement and the researchers’ goodwill. Moreover, it prevents the full
exploitation of both cohort and routinely collected data by research organisations that are well
regulated and conform to very strict standards of data security and confidentiality. The number
and range of outcomes studied in HES data from the Million Women study show how valuable
linkage can be (Section 3.2.2). We recognise that some participants may change their mind over
issues of consent and we make every effort to retain channels of communication with them
(Section 4.10.4); however, this is not always possible, and the current policy adopted by NHS

Digital, to err on the side of rejection, seems overly stringent and needs to be discussed.

Secondly, to ensure that data supplied under Section 251 (where patient consent cannot be
demonstrated) is a viable source of follow-up, patient opt-outs need to be re-evaluated. The
exclusion from such datasets of records for individuals who have opted out of data sharing limits
their value, especially if the outcome of interest is rare. Whilst public unease over data sharing is
recognised and needs to be addressed, the validity of opt-outs is questionable. Although little
publicity has been given to the scheme, there are some GP practices where 100% of patients are
opted out, suggesting that the practice is exercising the right on behalf of its patients. Even where
the proportion is smaller, it is not clear how much information patients are given in making their

decision. This is another issue that needs to be discussed.

Finally, the capacity of organisations tasked with evaluating applications for data needs to match
the volume of applications generated by the legislation, be that the existing Health and Social
Care Act or the new Digital Economy Act. Five years have passed since the implementation of the

2012 Act; these are not teething troubles.
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Data sharing causes concern across the research community (Van Staa et al., 2016), and has been
a particularly challenging part of this PhD. The candidate is contributing to the data sharing
agenda by representing HCS on the CLOSER (Cohort and LOngitudinal Studies Enrichment
Resources) collaboration, and is involved in CLOSER’s consultations with NHS Digital about data
sharing and with government over the Digital Economy Act. The purpose of CLOSER is to share
knowledge between studies: with Children of the 90s (University of Bristol), HCS is leading a work
package on linkage with HES data, the primary publication from which is in press (Boyd et al.,
2018). If the problems encountered can be resolved, the work described in this thesis could be

developed in HCS as suggested below.

8.6.2 Follow-up into advanced old age

The principal advantage of HES as a source of follow-up data in an ageing cohort is that they are
almost attrition-proof: neither failing health nor moving to a care setting prevents the
accumulation of information if no contact is required between researcher and participant. The
data on which this thesis draws relate to the period between HCS baseline and March 2010, at
which point the participants were aged 71-79. No further data have been acquired during the
intervening years, though HES will have been accruing on participants who are now aged 79-87.
At least 500 cohort members are known to have died since 2010 and the likelihood is that rates of
hospitalisation have risen substantially; linkage of these additional data with HCS would provide
an immediate source of information about service use and diagnoses at advancing ages. With a
clear regulatory framework in place, further data could be acquired annually to examine the

patterns and predictors of hospital use among the oldest-old.

8.6.3 Patterns of hospitalisation in later life

A history of recent hospitalisation was identified by the literature review as a predictor of
readmission and emergency admission but has not been investigated in this thesis. However, the
complex dataset could be used, especially if expanded into older age, to study patterns of
hospitalisation in later life. Previous research has demonstrated that hospital use is concentrated
in the few years before death, irrespective of the age at which death occurs (Werblow et al.,
2007), leading to claims that population ageing will not increase healthcare costs. However, the
expansion of morbidity, combined with the crisis in social care may undermine this argument. It
seems possible that periods of intense hospital use may precede changes other than death, for
example a move from community to care home. Admission source and discharge destination

could be used to investigate this in an expanded dataset.
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Such a dataset could also be used to explore how admissions of different sorts are related in an
individual. Section 2.2.2 outlined the existence of disability thresholds in the lifecourse model; it is
possible that hospitalisation thresholds exist in parallel, perhaps ranging from a predominantly
elective admission threshold to a predominantly emergency admission threshold, with
readmissions characterising the last years of life. Such a model might allow a pattern of
admissions to be identified that marks the beginning of a period of intense hospital use and
signals the need for intervention. The extent of alterations in the relationship between morbidity
and hospitalisation when an acute condition develops could also be explored in the light of other
predictors; it may be, for example, that those living in rented accommodation are less likely to be

cared for at home.

8.6.4 Other cohorts

One of the weaknesses identified above was that whilst mutually adjusted analyses identified
which of the predictor panel variables were associated with admission, they did not allow a causal
sequence to be identified among them. A path through morbidity was initially hypothesised
(Figure 6) and, in the light of the findings, was adapted to recognise the importance of
multimorbidity (Figure 19). However, since all the predictor variables were measured
simultaneously, this was purely pragmatic. A beneficial development of the work might therefore
be to carry out structured mediation analyses formally to test the relationships observed. This
would require frequent, cohort-wide longitudinal follow-up of predictor variables, data which are
unavailable in HCS. Other longitudinal data would therefore be required, such as those collected

by the English Longitudinal Study of Ageing.

Extending the work to other cohorts would allow differential risk factors to be investigated. For
example, baby boomers have higher and less socially stratified levels of obesity than previous
generations (Davies, 2015); this might alter the balance of risk factors for hospitalisation among

them.

Linkage in other cohorts might also be used to confirm the sex differences in predictive potential
of SRH and NSM. Whilst the magnitude of difference is equivocal, these are interesting findings
for which plausible explanations have been advanced. Due to these doubts and to their novelty,

they require replication.
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8.7 Conclusions

The National Health Service is struggling to cope with the current demand for hospital care,
especially from older people (lacobucci, 2017b); wider understanding of the causes of
hospitalisation is required. The research presented in this thesis successfully linked data from the
Hertfordshire Cohort Study with routinely collected Hospital Episode Statistics to create an
individual level dataset in which to explore the antecedents of hospital admission. This is a major

contribution of the research.

The three papers presented in this thesis each compared a common panel of participant
characteristics as potential predictors of a primary admission outcome: readmission within 30
days; emergency admission; or elective admission. Two characteristics, poor self-rated health and
increased number of systems medicated, were key common drivers of all admission types; in
addition, poor SF-36 physical function and history of smoking were common drivers of two
admission types each. Some sex differences were observed; self-rated health was a better
predictor of admission risk in women whilst number of systems medicated was more important in
men. With reference to admission type, self-rated health was the best predictor of emergency
admission and number of systems medicated the best predictor of elective admission; both

variables were associated with readmission.

The policy implications of this work are that older people at highest risk of admission could be
identified prospectively in a primary care setting; screening for poor SRH and a high number of
systems medicated is suggested as an area of focus in revising the Quality and Outcomes
Framework (Marshall and Roland, 2017). This would enable the finite resources available for
healthcare to be targeted efficiently. Meanwhile, Public Health departments should seek to
decrease risk profiles in younger generations and thus increase healthy life expectancy
(Government Office for Science, 2016). In addition, Government need to use the Digital Economy
Act to address the access problems that beset research of this nature; through its interpretation
of the law, NHS Digital is preventing the very research it was intended to facilitate. Cohort studies
are a rich resource accrued over many years; like administrative data they have been collected at
public expense; this thesis has shown that together the datasets are more valuable than either in

isolation. A fresh policy perspective on data sharing is urgently required in England.
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Appendix A Understanding NHS hospital admissions in
England: linkage of Hospital Episode Statistics to the

Hertfordshire Cohort Study

The paper reproduced in this appendix has been written and published whilst a candidate for the

degree of MPhil/PhD at the University of Southampton:

Simmonds SJ, Syddall HE, Walsh B, Evandrou M, Dennison EM, Cooper C, Aihie Sayer A. (2014)
Understanding NHS hospital admissions in England: linkage of Hospital Episode Statistics to the
Hertfordshire Cohort Study. Age Ageing, 43, 653-660

Although it broadly summarises Sections 4.1 - 4.5 of this thesis, please note that the start of the
follow-up period is defined in the paper by the date of the baseline home interview. This contrasts
with the thesis, which takes the date of the baseline clinic as the start of follow-up. This explains
apparent discrepancies in the numbers of admissions between Figure 1 of the paper and Figure 9
of the thesis, and in rates of admissions between Figure 2(a) of the paper and Figure 10 of the

thesis.
The accepted manuscript is reproduced; for the version of record please see:

https://academic.oup.com/ageing/article/43/5/653/47058
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Abstract
Background

Concern over the sustainability of the National Health Service is often focussed on rising numbers
of hospital admissions, particularly among older people. Hospital admissions are enumerated
routinely by the Hospital Episode Statistics (HES) Service, but published data do not allow
individual level service use to be explored. This study linked information on Hertfordshire Cohort
Study (HCS) participants with HES inpatient data. with the objective of describing patterns and

predictors of admissions among individuals.
Methods

2997 community-dwelling men and women aged 59-73 years completed a baseline HCS
assessment between 1998 and 2004; HES and mortality data to 31/03/2010 were linked with the
HCS database. This paper describes patterns of hospital use among the cohort at both the

admission and individual person level.
Results

The cohort experienced 8741 admissions; rates were 391 per 1000 person-years among men
(95%CI 380, 402) and 327 among women (95%Cl 316,338), p<0.0001 for gender difference. 1187
men (75%) and 981 women (69%) were admitted to hospital at least once; among these, median
numbers of admissions were 3 in men (IQR 1,6) and 2 in women (IQR 1,5). 48% of those ever

admitted had experienced an emergency admission and 70% had been admitted overnight.
Discussion

It is possible to link routinely collected HES data with detailed information from a cohort study.
Hospital admission is common among community dwelling ‘young-old’ men and women. These
linked datasets will facilitate research into lifecourse determinants of hospital admission and

inform strategies to manage demand on the National Health Service.

Keywords: hospital admissions, older people, hospital episode statistics, data linkage, healthcare

burden
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Key points:
e Concern over the sustainability of the National Health Service is focussed on rising
numbers of hospital admissions, particularly among older people.
e We have shown that it is possible to link routinely collected HES data with detailed
information collected as part of a cohort study
e Hospital admission is common among community dwelling ‘young-old” men and women.
e These linked datasets will facilitate research into lifecourse determinants of hospital

admission and inform strategies to manage demand on the National Health Service.
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Introduction

The House of Lords’ recently published ‘Ready for Ageing?’ report [1] follows a
succession of publications emotive in their concern about the effect of rising hospital
admissions on the National Health Service (NHS). It has been suggested that hospitals
are ‘on the edge’ [2] and that admissions are ‘out of control’ [3]. The 'Ready for
Ageing?' report suggested that the burden from long term conditions associated with
an ageing population may underlie these trends in hospital admissions. Furthermore it
proposed that intervention by improved community services earlier in the disease
process could circumvent unnecessary admissions and prevent ‘older people drifting
into hospital avoidably’, and concluded that the NHS needs to transform to cope with
increasing demand and at the same time improve quality of care. However the
emphasis was on managing long-term conditions rather than preventive strategies: it

did not consider the lifecourse determinants of hospital admission [1].

Clinical and administrative details of inpatient admissions and outpatient appointments
at NHS hospitals in England are collected routinely by the Hospital Episode Statistics
(HES) service [4]. They are used in a wide range of healthcare analyses and are
important in informing policy on health and social care. They show a rise in the
number of inpatient admissions between 2000/01 and 2010/11 focused in the oldest
age groups, for example by 33% at 65-74, 45% at 75-84 and 48% at 85+ [5]. A
projected increase in the proportion of older people aged 65+ from 17% of UK

population in 2010 to 23% in 2035 [6] will increase the number of admissions further.

However these routine data cannot be used to identify patterns and determinants of admissions
in individuals. Linkage of HES data with a well-characterised birth cohort study would enable
investigation of lifecourse determinants of hospital admission. Only one UK cohort study (the
Paisley Renfrew Study [7]) has previously been linked with HES data, but follow-up with regard to
hospital admissions ceased in 1995. In the context of recent rises in hospital admissions and a
growing awareness of the implications of an ageing population, an update of this research is long

overdue.

Between 1998 and 2004, 2997 community-dwelling men and women aged 59-73 years
participated in the baseline phase of the Hertfordshire Cohort Study during which their health,
lifestyle and socioeconomic characteristics were assessed [8]. We have linked the HCS database
with HES records for the study participants to the end of March 2010, thereby yielding a novel
and important resource for research into the lifecourse determinants of hospital admission. This
paper outlines the process of data linkage and describes patterns of hospital use among the

cohort at both the admission and individual person level.
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Materials and methods
The Hertfordshire Cohort Study

The Hertfordshire Cohort Study comprises a group of men and women born in that county
between 1931 and 39 whose birth, infancy and early childhood were documented by Health
Visitors. 1579 men and 1418 women who still lived in Hertfordshire between the end of 1998 and
2004 were interviewed at home and subsequently attended clinics for detailed physiological
investigations. These included anthropometry, spirometry, ECGs and blood tests for assessment
of cardiovascular and genetic risk. Subsamples underwent a battery of tests of physical
performance, DXA scans and knee x-rays. Combining details from the health visitors’ records,
information from the interview and measurements made in clinic produced a social and biological
lifecourse overview for each individual at baseline. Methods have been described in more detail

elsewhere, and the representativeness of the cohort to older people in England has been assessed

[8].
Linkage with HES data

The Hertfordshire Cohort Study fulfils the two important prerequisites for linkage with HES data.
First, NHS number is recorded and cross-referenced with the internal serial number. It is used
purely for tracking participants, who are flagged for continuous notification of death on the

Central Register at the NHS Information Centre, and is never included in analysis files.

Secondly, participants gave signed consent for the investigations they underwent in clinic and (on
the same form) for researchers to access their medical records in the future. Permission to obtain
a HES extract for HCS participants covering the period 01/04/98-31/03/10 was granted by the

Ethics and Confidentiality Committee of the National Information Governance Board
HES Records

A hospital episode is a period of care under one consultant, several of which may be recorded
during the period between admission and discharge. The HES data obtained for linkage with HCS
comprised 15 variables for each episode experienced by a member of the cohort (HES ID and NHS
numbers; gender; date, method and source of admission; date and destination at discharge; main
specialty; primary and other diagnoses coded to ICD-10 [9]; and primary and other procedures

coded to OPCS-4 [10]).

Data were prepared for analysis in two stages and as illustrated in figure 1. First, admission and
discharge dates were checked for chronological consistency within and between episode records

for the same individual. Common discrepancies included discharge dates that were missing, that
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preceded the admission date of the same episode, or that succeeded the admission date of a
subsequent one. Second, validated consecutive or concurrent episodes were collapsed into one
completed admission record, all contributing diagnosis and procedure codes being retained. A
total of 8741 admissions was identified among 2168 HCS participants after their date of HCS
baseline but before 31/3/10; 829 had no admissions. Mortality data from the NHS Central
Register were dovetailed with the combined HCS and HES admissions databases; 275 members of
the cohort died during the follow-up period, 19 without admission, 127 during an admission and
129 after being discharged alive. Records relating to the same individual were brought together to

create a personal admissions history alongside details of death where appropriate.
Statistical methods

Data were described at both the admissions and individual levels using means and standard
deviations (SD), medians and inter-quartile ranges (IQR) and frequency and percentage
distributions. Admission rates were calculated per 1000 person/years according to gender and

age groups. All analyses were carried out using Stata 12.1 [11].
Results
Characteristics of admissions

Of 8741 admissions accrued by members of the cohort, 5183 (59%) involved a male patient, 6504
(74%) were elective and 5057 (58%) were day cases. Only 13% lasted more than one week. The
median length of stay amongst all admissions was 1 day (IQR 1-4); among overnight admissions it
was 5 days for both genders, (IQR 2-9 in men and 3-9 in women). In 98% of admissions patients
came from and/or returned to their usual residence. General surgery (n=1257) and general
medicine (n=1119) accounted for larger proportions of admissions than any other specialty (14
and 13% respectively). At least one surgical procedure was carried out during 6622 (75.8%) of the
admissions; the most common being endoscopy of the bladder, endoscopy of upper Gl tract,
cataract surgery, angiography, knee replacement and hip replacement in 468, 454, 385, 350, 176

and 174 admissions respectively.
Rates of admission

Overall rates of admission per 1000 person-years across the follow-up period were 391 among
men [95%Cl 380,402] and 327 among women [95%Cl 316,338], p<0.0001 for gender difference.
Figure 2 shows rates of admission by year, gender and age group; rates of admission increased

significantly over time irrespective of adjustment for gender and age (p<0.001 for all).

Patterns of admission at the individual person level

206



Appendix A

75% (1187) men and 69% (981) women were admitted to hospital at least once during the follow-
up period. Figure 3(a) shows the percentage distribution of number of admissions experienced, by
gender. Among those who were admitted at least once, the median number of admissions was 3
(IQR 1-6) among men, and 2 (IQR 1-5) among women, with maxima of 34 in men and 56 in
women. Nearly half (48%) of those ever admitted had experienced an emergency admission
(figure 3b), and over two-thirds (70%) had been admitted overnight at least once (figure 3c).
Overall, ever admitted men spent a median of 8 days (IQR 3-22) in hospital during the follow-up
period and ever admitted women a median of 6 days (IQR 2-16). High total days’ stay resulted
from both frequent day case admissions (eg for procedures such as haemodialysis or blood

transfusions) and fewer long ones (eg for diagnoses such as mental illness).

Figure 3(d) shows the proportion of the overall cohort experiencing an admission by ICD chapter
of primary diagnosis. Men most commonly experienced admissions coded to chapter R (signs and
symptoms), chapter K (digestive disease) and chapter | (cardiovascular disease). Among women,
the equivalent ranking for frequency of occurrence of admissions involving specific ICD-10
chapters was first, chapter K (digestive disease); followed by chapter M (musculoskeletal disease),

and chapter R (signs and symptoms).

1992 (91.9%) of ever-admitted cohort members had at least one surgical procedure carried out
during an admission, the most common being endoscopy of the upper Gl tract, angiography,
cataract surgery, endoscopy of the bladder, knee replacement and hip replacement in 345, 303,

262, 225, 148 and 136 people respectively.
Deaths among cohort members

275 members of the cohort died during the follow-up period; 189 (12%) men and 86 (6.1%)
women. 19 deaths (11 men and 8 women) occurred among people who had no admissions, 127
(89 men and 38 women) during an admission and 129 (89 men and 40 women) after being

discharged.
Discussion

We have shown that it is possible to link routinely collected HES data with detailed information
collected as part of a cohort study. Hospital admission is common among community-dwelling
men and women in early old age; 75% of men and 69% of women were admitted to hospital at
least once during the 10-year follow-up period. Presence of co-morbidity is common in early old
age [12], and this paper suggests that the burden of ill-health translates into substantial NHS

service use. A healthy responder bias was apparent in HCS [8], a study based in the relatively
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affluent South East of England: for these reasons the healthcare burden of the ageing national

population is likely to be even greater than these data suggest.

HCS is the first English cohort study to use record linkage to identify individual-level longitudinal
patterns of service use among a group of well-characterised individuals. The facility to link
individual-level admissions episodes within HES data has been used infrequently; linkage with
outside sources (eg the National Joint Registry [13], a cancer registry [14;15], or the General
Practice Research Database [16]) is rarer still. The Oxford Record Linkage Study (ORLS) is an
example of a study which has linked births, deaths and hospital admissions at the individual level
[17-20]; however, the ORLS was not able to consider individual level characteristics other than

those recorded routinely.

In Scotland record linkage is routine [21]. Maternity records and births, cancer registrations,
hospital discharges and deaths are permanently linked. This fact has been exploited by a group of
cohorts collectively known as MIDSPAN studies [7]; three samples originally screened in middle
age in the 1960s and 70s, along with a fourth comprising their offspring. The Paisley Renfrew
study is one of them, and comprises over 15 000 men and women sampled from the population
of two industrial towns in central Scotland whose health profile was characterised at age 45-64.
Follow-up of hospital admissions was reported to 1995 [22;23], by which time 79% of the cohort
had experienced at least one, and an average of 4.6 admissions over a 23 year period. The study
concluded that a high proportion of hospital days accrued near the time of death and that the
absolute demand for hospital services was ‘strikingly large and increasing over time’. This study
demonstrated that baseline lung function, BMI and deprivation were important predictors of
subsequent admission. Patterns and predictors of hospital admissions have not been reported

since 1995.

Our study had some limitations: first, doubts have been expressed over both case ascertainment
and coding accuracy in Hospital Episode Statistics and errors have been shown to exist, including
adults apparently treated in paediatrics, children in geriatrics and men in obstetrics and
gynaecology [24]. Given that 17.5 million finished consultant episodes were recorded during
2011-12 [4], some mistakes are hardly surprising. Furthermore, case ascertainment has been
compared with a number of source registers, for example the ‘yellow-card’ system for reporting
adverse drug reactions [25], police statistics on road traffic accidents [26] and cancer registry data
[27] and in general, HES have been found to be the more complete. In addition, discharge coding
accuracy was assessed in a systematic review published in 2011, which reported an improvement

since payment by results was introduced in 2002 and found the accuracy of the primary
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diagnostic code to be 96.0% (IQR 89.3-96.3). The authors concluded that routinely collected data

are sufficiently robust for research and managerial decision making [28].

Secondly, a healthy responder bias has been described in HCS and the study was conducted in the
relatively affluent southeast of England [8]. However the demographic, social and medical
characteristics among HCS participants have been shown to be broadly comparable with those in

the nationally representative Health Survey for England [8].

Our study also had many strengths. First, the data used were collected routinely by the Hospital
Episode Statistics service for England. They cover all patients treated in NHS hospitals however
funded, and NHS patients treated in private hospitals. Only privately funded patients attending
private hospitals and those treated outside England are excluded. Secondly, HES data have the
advantage that they are not subject to the effects of attrition of the sickest members of the
cohort. Response bias, which is introduced if the least healthy individuals are selectively lost to
follow-up, is a particular problem among ageing cohorts [29]. HES data accrue for all members of
the cohort, whether they live independently or not, and irrespective of cognitive ability. Thirdly,
continued follow-up through hospital admissions into advanced old-age is possible; a new data
linkage service [30] launched by the NHS Information Centre in September 2012 should
streamline the process. Finally, older people differ in the use they make of hospital services, and
whilst some experience many admissions, others need none at all. It is possible to link records
within HES to produce individual histories that differentiate those with many admissions from
those with few, but people with no admissions clearly generate no records and would thus be
omitted from such linked data. Linkage with the Hertfordshire Cohort Study enables individuals

who experienced hospital admission to be contrasted with those who did not.

In summary, we have shown that it is possible, with appropriate consents, to link routinely
collected HES data with the detailed information collected as part of a cohort study. Moreover,
we have shown that hospital admission is common among community-dwelling young-old men
and women. Given the current level of concern about the sustainability of the NHS in the face of
an ageing population, the linked HCS/HES database represents an important resource for research
into lifecourse determinants of hospital admission. The potential of the linked dataset extends
beyond the descriptive results presented in this paper and offers the opportunity to identify
social, biological and medical predictors of admission. This research will inform strategies called

for by the House of Lords to manage demand on the NHS.
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Figure 1: Study Structure
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Figure 2: Rates of admission per 1000 person years, 1999-2010
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Figure 3: Individual level admissions characteristics
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Appendix B File preparation: technical information

This appendix contains information to supplement Section 4.3. It describes how episode level data
were cleaned and combined to produce admissions level data (Section B1); how admissions of
different types were identified (Section B2); and how the data were brought together to produce

admission histories in two formats and so to facilitate a variety of analyses (Section B3).
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B1l. Data cleaning

The HES extract obtained for the purposes of this research contained a total of 12,131 episodes,
of which 12,127 were successfully matched to HCS participants by NHS number. 2,250 episodes
were identified that preceded individuals’ baseline home interviews and were excluded from the
analysis. The remaining 9,877 episodes were combined into admissions level data by first, carrying
forward 8,505 single-episode admissions that required no further cleaning, and then by attending
to inconsistencies among the 1,372 episodes that contributed to multi-episode admissions. Two
problems were particularly common:

i) Overlapping dates of two or more episodes (1,005 episodes)

ii) Absent discharge destination (905 episodes)

In 538 episodes these problems coexisted. Concurrent or consecutive episodes were combined
using a computer algorithm where less than four episodes were involved, and by a manual two-
person review of those that remained. This process yielded a further 243 admissions which, with
the 8,505 single-episode admissions, totalled 8,748. Seven admissions were ongoing at the end of
the study and were excluded, along with 54 admissions that occurred between participants’ home
interview and clinic dates. Thus 8,687 eligible admissions were identified between participants’
dates of clinic attendance and the end of March 2010, and were organised into a coherent,

chronologically correct list of admissions for each cohort member (See also Figure 9).

Individual histories in the file were completed by the addition of dummy records for 836 people
who had no admissions during the follow-up period. Date and cause of 275 deaths that occurred
between baseline and study end were coded from certificates supplied by NHSCR and appended
to the relevant histories. Twenty-one deaths occurred among people who had no admissions, the

remainder of those who died had been admitted at least once.

Checks were carried out at all stages to ensure the logical consistency of the data file, for example
that admission preceded discharge; that fields reported by both HES and HCS matched; and that
no HES events occurred after a date of death. Further checks were made on the validity of the
data, for example that ICD-10 and OPCS-4 codes reported mapped to the coding manual and that
ranges of values were credible and without outliers. Minor alterations were made to the file as a
result. No names were ever stored in conjunction with HES data. The final analysis file contained
9,523 records relating to 2,997 people. 8,687 admissions arose from 2,161 people, whilst 836 had

none.
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B2. Classification of admissions by type

Fields from the HES record (Table 6) were used to classify each admission to type. Elective and
emergency admissions were defined by the admission method of their first episode; readmissions
were flagged according to the lag between one date of discharge and the next date of admission
in an individual’s history. Start and end dates were drawn from the beginning of the first episode

and the end of the last for multiple episode admissions.
B3. File formats

To prepare for analysis in STATA (StataCorp, 2013), dates were formatted to elapsed days since
01/01/60 and variables were given suitable labels. Each admission occupied one row in the file,
and was brought together with other rows for the same individual to form an admissions history.
Figure B1(a) provides an example using 7 records for 5 individuals, identified by the unique
‘abserno’ in the first column. One of them (abserno 335023) had three admissions, two (055313
and 105015) had one each, and the others had none. Date of death (contracted to d~h on the
printout) was merged from separate mortality records. It may be associated with an admission, as
in the case of 105015, occur without admission (135999), or follow some time after the last
discharge (335023). Note also the blank row for 445032: an individual who had no admissions and

did not die, but whose baseline data have been incorporated into the file.

(a)
abserno admidate disdate dateofd~h admimeth diagl opertnl
55313 06apr2006 09apr2006 . Planned N811 P231
105015 08jan2006 22jan2006 22jan2006 Emer gency N19x %339

335023  08may2003  27may2003  27mar2004  Emergency €712
335023 24junz2003 05julz003 7mar 2004 Emergency L270

i
|
I
| 135999 23]u'| 2007
|
|
|
|
|

Emer gency
335023 20jun2001  15mar2004  27mar2004 .
445032 70ct2000 70ct2000 31mar2010

27mar 2004 Dead 27 Mar 04
Alive 31 mar 10

335023 28feb2004 15mar 2004 27mar 2004 Emer gency Cc712 L634

445032 . . . .
(b)
| abserno hesdoi start end admiss-n admimeth  death dateofd-h  status lossdate |
| |
| 55313  23mar2001  23mar2001  06apr2006 1 planned 0 Alive 31 Mar 10 |
| 55313  23mar2001  09apr2006  31mar2010 0 . 0 . Alive 31 Mmar 10 |
| 105015 15dec2000 15dec2000 08jan2006 1 Emergency 1 22jan2006 pead 22 Jan 06 |
| 135999 24jan2000 24jan2000 23jul2007 0 . 1 23jul2007 Dead 23 Jul 07 |
I 335023  20jun2001  20jun2001  08may2003 1  Emergency 0 7mar2004 pead 27 Mar 04 }
| 335023  20jun2001  27may2003  24jun2003 Emergency 27mar 2004 pDead 27 mar 04 |
| 335023 207unz2001 05jul2003 28Teb2004 27mar 2004 Dead 27 Mar 04 |
| |
| |

[=T=T20
oo o

Figure B1 (a) Admissions file, showing 7 records generated by 5 admissions
among 5 individuals. (b) Survival file, showing 9 periods at risk resulting from

7 records for 5 admissions among the same 5 individuals.
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Admissions histories were converted to survival format data to enable calculation of standardised
admission rates and PWP modelling. The first record in the survival formatted history began on
the baseline interview date (hcsdoi) and ended with admission, death or the end of study
(31/03/10). In the case of an admission, a second interval followed from the date the patient was
discharged from hospital, and therefore once again at risk of admission, with the same possible
endpoints. Figure B1(b) shows survival time data derived from the same exemplar records. Seven
records among 5 people generated 9 intervals at risk: in the whole cohort, 9,523 records among

2,997 people generated 11,555 intervals.
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Appendix C Admissions for common diagnoses and

procedures, by admission type

This two-part appendix contains cohort-level information to supplement Section 4.4.1. Table C(i)
shows, for the diagnoses that occurred most frequently across all admissions, the number of
elective and emergency admissions accrued by the cohort. Table C(ii) shows the same information

for the procedures that were carried out most frequently across all admissions.

221






Appendix C

Table C(i) Number of admissions for common diagnoses, by admission type

Condition ICD 10 Admission type
Elective Emergency All

Men  Women Total Men  Women Total Men  Women Total
Ischaemic heart diseases 120-125 216 76 292 127 44 171 347 120 467
Disorders of lens H25-H28 170 225 395 - - - 170 225 395
Symptoms and signs of the circulatory and respiratory systems RO0-R09 58 50 108 136 143 279 196 193 389
Other diseases of intestines K55-K63 168 154 322 26 40 66 194 194 388
Arthrosis M15-M19 186 200 386 - 1 1 186 201 387
Persons attending for examination and investigation Z00-713 254 72 326 5 7 12 259 79 338
Diseases of oesophagus, stomach and duodenum K20-K31 145 138 283 24 7 31 169 145 314
Malignant neoplasms of digestive organs C15-C26 185 80 265 22 7 29 207 87 294
General symptoms and signs R50-R69 74 61 135 93 60 153 170 122 292
Other diseases of urinary system N30-N39 171 85 256 21 11 32 192 96 288
Other forms of heart disease 130-152 97 47 144 95 36 131 192 83 275
Symptoms and signs involving the digestive system and abdomen  R10-R19 47 60 107 60 47 107 10 107 214
Hernia K40-K46 147 49 196 6 10 16 153 59 212
Symptoms and signs involving the urinary system R30-R39 102 41 143 42 8 50 145 49 194
Malignant neoplasms of lymphoid and related tissue C81-C96 35 120 155 5 14 19 40 134 174
Other soft tissue disorders M70-M79 47 33 80 34 31 65 81 64 145
Complications of surgical and medical care T80-T88 42 31 73 27 30 57 70 61 131
Chronic lower respiratory diseases J40-)47 3 1 4 57 17 74 60 18 78
All cancers C00-C97 592 385 977 93 52 145 687 438 1125
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Table C(ii) Number of admissions for common procedures, by admission type

Procedure OPCS 4 Admission type
Elective Emergency All

Men  Women Total Men  Women Total Men  Women Total
Endoscopy of bladder M45 387 70 457 6 1 7 393 7 464
Endoscopy of upper Gl tract G45 201 223 424 15 8 23 216 231 447
Cataract surgery C71C72C74C75 164 221 385 - - - 164 221 385
Angiography K63 K65 U102 U105 204 109 313 28 7 35 234 116 350
Knee replacement W40 W41 W42 80 94 174 1 - 1 81 94 175
Hip replacement W37 W38 W39 W93 W94 W95 86 68 154 8 2 20 94 80 174
Hernia repair T19T20T21 113 9 122 1 1 2 114 10 124
Angioplasty K49 K50 K75 44 15 59 24 5 29 69 20 89
Bypass surgery K40 K41 K42 K43 K44 K45 K46 42 6 48 5 1 6 47 7 54
Varicose surgery L84 L85 L86 L87 L88 16 14 30 16 14 30
All other procedures 2124 1638 3762 399 240 516 3867 2711 6578
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Appendix D  Ethical consents

This appendix provides documentary evidence of ethical consents mentioned in Section 4.10. It

comprises nine parts:

D(i)

D(ii)

D(iii)

D(iv)

D(v)

D(vi)

D(vii)

D(viii)

D(ix)

Page
CR28/2014 (permission to trace cohort and obtain mortality data)...........cccuee........ 227
EC98248 (permission for baseline investigations in East and North Herts).............. 230
EC98248a (amendment to baseline investigations in East and North Herts)............ 231
WHO02/98 (permission for baseline investigations in West Herts).......c...cccceceeuveenee. 232
NIC-59859-2DT25 (data reuse agreement for Hospital Episode Statistics)................ 233
NIC-59859-2DT25 (data reuse amendment for Hospital Episode Statistics)............. 247
NIC-59859-2DT25 (renewal agreement for Hospital Episode Statistics)................... 261
ERGO 13141 SSEGM ethics sub-committee application form........ccoceeevvivveeeicnnnnn. 266
ERGO 13141 risk asseSSmMeNnt fOrmM........oocuiiiiiiiiiiieiiee et 270
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D(i) CR28/2014 (permission to trace cohort and obtain mortality data)

NHS

Health Research Authority

Mrs Shifey J Simmonds, msm%
MRC Epidemiology Resource Centra, Lendon
Sowthampton General Hospital, SE1 6LH
SOUTHAMPTON

=018 8YD Tel: 020 797 22557

Emall: HRA.CAG{nns.net

sisi@mre.soton.ac.uk
1T August 2015

Diear Mrs Simmonds

Study title: STUDY OF BIRTH COHORT FROM HERTFORDSHIRE
- 2171161 - MR2T8
CAG reference: CR2B82014

Thank you for your research application, submitted for approval under Regulation 5 of the
Health Service (Controd of Patient Information) Fegulations 2002 fo process patient identifiable
information without comsent. Approved applications enable the data controller to provide
specified infomation to the applicant for the purposes of the relevant activity, without being in
breach of the commaon law duty of confidentiality, athough other relevant legislative provisions
will still be applicable.

The role of the Confidentality Advisory Group (CAG) is to review applications submitted under
these Regulations and o provide advice to the Health Research Authority on whether am
application should be approved, amd  so, any relevant conditions. This application was
considered via the proportionate review process under entena 15; Access to morfality, cancer
or GF registrafion dafa from the Health and Social Care information Cenfre — clazs supporf
siudy

Health Research Authority Approval Decision

The Health Research Authority, having considered the advice from the Confidentiality Advisory
Team as set out below, has determined the fiollowing:

1. The application is approved, subject to compliance with the standard and specific
conditions of approval.

This letter should be read in conjunciion with the outcome letter dated 8% April 2015,
Context

This application from MRC Epidemiclogy Resource Centre, Southampton Gemeral
Heospital, requested support in order to acosss monality data from the Data Access
Request Service (DARS) at the Health and Social Care Information Centre (HSCHC).

The Hertfordshire Birth Cohort (MR27E) comprises 35000 people bormn betwean 1811 and
1838 who were oversesn in early childhood by health visitors in the county. Records are
being used to explore the relationship between health in infancy and eventual cause of
death and also to investigate lfecourse influsnces on ageing as well as mortality amaong
these men and women. A cohaort of 35000 patients was flagged at the DARS.
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Confidential Patient |nformation uested
Access was reguested to

Diata from the Central Register which are cumently retained by the applicant, old and new
MHS number, name at birth, date of birth, gender.

Mortality data which includes date of birth, date of death, place of birth and place of death,
name &t bith amd death, gender, address, ooccupation amd cause of death.

Confidentiality Advisory Team advice conclusion

The CAT agreed that the minimum criteria under the Regulations appeared to hawe been met,
and therefore advised recommending support to the Health Research Awthorty, subject to
compliance with the spedific and standard conditions of support as set out below.

Specific conditions of support

1. Favourable opinion from REC. Confirmed 15™ July 2015.

2 Confimation of suitable secwrty amangements via |G Toolkit submission.
Confirmed 20™ April 2015.

3. Provide confirnation of how you are intending to proceed with |GT/REC approval
to the Confidentiality Advice Team by 1* May 2015. Confirmed as per specific
condition 1 and 2.

As the above conditions have been met, this letter provides confirmation of final approval. | will
amange for the register of approved applications on the HRA website to be updated with this
information.

Annual review

Please note that your approval is subject to submission of an annual review report to show
how you have met the conditions or report plans, and action towards meeting them. It is also
your responsibility o submit this report on the anniversary of your final approval and o report
any changes such as fo the purpose or design of the proposed activity, or to security and

confidentiality amrangements. An annual review should be provided no later than 17 August
2016 and preferably 4 weeks before this date.

Flease do not hesitate to contact me if you have any queres following this letter, | would be
grateful if you could quote the abowe reference number in all fiuture comespondence.

Reviewed documents

The documents reviewsd by the Confidentiality Advice Team were:

Diocument Version Dste
Ceniral Register Apgplication 187 February 2014
REC Fawourable Opindon

‘fiours sincerely

Army Ford

Senior Confidentiality Advisor

Deputy Confidentiality Advice Manager

Email: HRA CAGENhs met
Enclosures: Standard conditions of approwval
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Health Research Authority

Standard conditions of approval
The approval provided by the Health Reseanch Authorty is subject o the following standard conditions.
The applicant will ensure that:

1. The specified patient identifiable information is only used for the purpose(s) set out in the
application.

2. Confidentiality is preserved and there are no disdosures of information in aggregate or patient
lewvel form that may inferentially identify a person, norwill any attempt be made to identify
imdividuals, households or organisations in the data.

3. Reguiremenits of the Statistics and Registration Services Act 2007 are adhered io reganding
publication when relevant.

4. All siaff with access to patient identifiable information have confractual obligations of
confidentiality, enforceable through disciplinary procedures.

5. All staff with access to patient identifiable information have received appropriate ongoing traiming
to ensure they are aware of their responsibilities.

6. Activities are consistent with the Data Protection Act 1808,
T. Audit of data processing by a designated agent is faclitated and suppaorted.
&. The wishes of patients who hawve withheld or withdrawn their consent are respecied.

9. The Confidentiality Advice Team is nofified of any signifizcant changes (purpose, data flows, data
items, security amangements) prior o the change cocurming.

10. An annual report is provided no later than 12 months from the date of your final confimmation
letier.

11. Any breaches of confidentiality /! securnty amund this particular flow of data should be reported to
CAG within 10 working days, along with remedial actions taken ! to be taken.
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D(ii) EC98248 (permission for baseline investigations in East and North Herts)

East & MNorth HERTFORDSHIRE
Dir E M Dennison HEALTH AUTHORITY

MRC Environmental Epidemiology Unit
Southampton Gereral Hospital

Tremona Road

Southampion

S0166YD

29 January 1992

Diear D Dennison

Re:  THE ASSOCIATION BETWEEN FETAL AND INFANT GROWTH AND
DISEASE IN LATER LIFE STUDY: A STUDY OF CANDIDATE GENES AND
ESTABLISHMENT OF A NATIONAL DNA BANK

The East and North Hertfordshine Health Authority Local Research Ethics Commimee met on
14 January 1998 and considerad the ahove study.

The Committes agreed that approwal should be given for the study, but would like
clarification on how you would follow up the people whao participated.

I look forward to hearing from you.

Yours sincerely

w
Bridget Vickers (Mrs)
Chair, East and North Hertfordshire Local Ethics Committee

EC24E

; Charter House, Paroway, Welwyn Ganden City. Hertlondshine ALE GJL Telephone: DETOT 9055 Fax: 01707 3908064
Safe Haven Fax: 01707 350234 Email: hensha@compuisenve, onm, ik
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D(iii) EC98248a (amendment to baseline investigations in East and North Herts)

Ref: let248a

East & North HERTFORDSHIRE
HEALTH AUTHORITY

16 Movember 1998

Dir Elaine Dennison

MRC Environmental Epidemiology Unit
(University of Southampton)
Southampion General Hospital
Southampton

5016 6YD

Dear Dr Dennison,

Be:  The association between fetal and infant growth and disease in later life study
(EC248)

Further to vour letter of 30 Seplember 1998, |

Thiz is to confirm that the requests submitted in connection with the shove study were
discussed at the meeting of the East and North Hertfordshire Health Authority Local Research
Ethics Commines held on 11 Movember 1958,

Approval was given to both reguests made. j.e.:

I. Information on clinical events within the cohort may be abstracted from their records in

the future.
2, The use of the test by a portable ultrasound machine to study bone structuse apd facture

risk.

Would you please note that this study has the approval reference of EC248 and this should be
quited in all correspondence,

The Committee look forward to receiving updates on progress as and when available,
Yours sincerely,

MVWL-J_.

Bridget Vickers (Mrz)
Chair, East and North Hertfordshire Local Research Ethics Committee

4
ﬁ % Charter House, Parkway, Welwyn Garden City, Hertfondshire AL GIL. Telephone: 31707 $HE5%  Fas 17107 35480
4 Sale Hawven Fax: ol ™" dalisd Emadl: hemsheSommpusame oom.uk
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D(iv) WHO02/98 (permission for baseline investigations in West Herts)

ADDRESS FOR CORRESFONDENCE
99 WAVERLEY ROAD, 5T, ALBANS

HERTFORDSHIRE, AL3 5TL :

Telephone: 01727 L1434
Dvirecr Liae D717 597E11

Fax: 01727 FOT7EE
> West Hertfordshire

Health Authority
LOCAL RESEARCH
ETHICS COMMITTEE
[incorperating West Heots Communicy Health
MHS Trust and Horizen WHS Trust|

2 Februany: 1993
Crur ref; WHO2/28

Dr E Denpison

MRC Environmental Epidemialagy Uinit
SOUTHAMPTON

5015 &4YD

Dezr Dr Dennizon

The wssociation between foctal and jafunt growih and disease in adult life: o study of candidate penes and
establishment of u notional DNA bank

Thask voa for anending the LEEC meeting on 28 January [998. 1 wnie o confirm LREC approval asd draw your
attention o the follewing:

i It is the responsibiline of the investigator o notfy the LREC immediotely of any information
received ar of which vou becoms @ware which would cast doubt wpon, or alter, &ny infoamation
contaired in the orginal application, ¢ a lnter apendment applcation, schmitted o the LREC
andfar whisgh would roise questions about the safery and‘or continwed conduct of the sesgarch.

] “The need ta comply with the Dinra Pracection Act 1984

{itih  The need to comply, throughout the conduct of ibe snudy, with good clinical research prociice

standards i
{(#)  The need to refer propessd amendments 1o the protecal ra the LREC for further review and in

obtain LREC appeoval thereta prior to implementation (except only in coses of emergency whees

the welfare of t subject 15 paramount} .
{9 The requirsment to infeen: the LREC should the research be discoatinued or any subjest

withdrawn,

I would be gratefil if vou could infara; the Commites of the progress of the research project (eg annually} and alse
the canclusion and putcome of the study. Enclosed for your information i a list of LREC members

Yours sincersly
é‘-.-l-ﬂ_véf.la_-—e_’, &L’Pﬂmﬂ,&

Fauling Southworth (Mrs)

Chairman
West Herifordshire Health Authoriny LREC
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D(v) NIC-59859-2DT25 (data reuse agreement for Hospital Episode Statistics)

AHES Data Re-Use Agreement (Extracts)

IC Ref: NIC-598558-2DT25
IG Ref: RU417

1.0 Organisations

This Data Re-Use Agreement (the Agreement) is drawn up between:

The Health & Social Care Information Centre (The NHS IC)
1 Trevelyan Sguars

Boar Lanes

Leeds

LS1 BAE

And:

MRC Epidemiclogy Resource Centre (the “Licences”™)
Mailpaint 85

Southampton General Hospital

Southampton

5018 6¥D

This Agreement grants to the Licensee a time limited licence to re-use the data defined
in Section 3 of this agreement. The data must only be used in accordance with the terms
set cut in this agreement and as addiiomally contained in the Standard Terms and
Conditions for the Use and Re-Use of Public Sector Information, (Version 2.2 attached)
and as may be additionally specified in Section 5 below.

This licence is limited to granting the Licensee rights to utilise the data in products or
services supplied by you for,

Research Study hersin-after the “Field” in,
England herein-after the “Territory™.
Tegether the term Field and Terntory represent the permissible “Market”™ for your

products and services in accordance with cur “Re-Use of Information, Re-Use License
Feas Policy” (Version 1.2 attached). Should you reguire a license or licenses for

Fefarence No; MIC-58855-20T25/ RU41T
Viersion Mooi1.0
Dae: 21" Ociober 2010 Page 1 of 14
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NHS|

The
Infoemation
Centre

additional markets, please contact The NHS IC to discuss the terms and conditions on
which such additional licenses might be granted.

Im zcase of doubt, the Terms and Conditions set out in this Re-Use Agreement shall take
precedence over any comesponding Terms and Conditions contaimed in subsidiary
documents referenced herein.

2.0 Period of agreement

This agreement commences on 1 November 2010 and will be subject to formal review
on an annual basis and will t2rminate or be extended prior to 321%™ October 2011,

3.0 Data required

Pzeudonymised Hospital Episode Statistics (HE'S) data containing all records extracted
from the following HES databases:

* Admitted Patient Care — data years are 1398799 to 2008/0% and 2003/10
provisional data

* Dutpatient Attendances — data years are 2003/04 to 2008/09 and 200910
provisional data

* Accident & Emergency — data years are 2007/08 to 2008/09 and 200%/10
provisional data

3.1 Specification

Sese Appendix B

3.2 Permissions

Confirmation received from Ethics & Confidentiality Committee secretariat that
appropriate consent is in place for the use of identifiable data fields for this project.

Fefarenca No. MIC-58855-20T25/ RU41T
ersion Mocl.0
Date: 21" Ootober 2010 Page 2ol 14
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4.0  Purpose for which data is to be used

Re-llse Application Statement

"HES data will be added fo the comprehenaive characfernsation we have buiff up
of the lifecourse of 3000 men and women bom in Hertfordzshire who were sfill
resident there and fook parf in an MRC baszeline study around the furn of the
millennium. Many of them hawve been zeen again since. The dafazet currendly
includes itemsz az diverze az birthweight and method of feeding in infancy; waork
and reproductive hizlories; diet, smoking and alcohol consumpdion; medical
hizfary up fo date of clinic attendance and a wide range of clinical measuremenis.
FPosternty samples of blood and urine have been stored and DNA exiracted. The
cohorf are fagged for confinuous notification of death, thus ultimafely dafe and
cauze of death will be included foo.

Adding HES data will give we the potential to idenfify precursors to dizease and
track itz course and oufcome without the need fo frouble individualz, some of
whom may be increasingly frail. Converzsely, now that they are aged 71-T3 the
cohorf provide an oppartunily to identify factfors which underie healthy ageing,
which iz crucial in an ageing society. We have self-reporfed inpatienf data on a
sub-zet and will uze HES data fo validate fthizs.

Ower 100 publicafions hawve resulted from thiz sfudy fo date, the mosf recenf of
which can be acceszed via thiz fink:
hitpwww.mrc. sofon. ac.ukdndex. asp Ppage=3.

An overview of the cohorf was publizhed in 2005

Syddall HE, Sayer AA, Dennizon EM, Martin HJ, Barker DJ, Cooper C. Cohort
FProfile: The Herffordshire Cohort Sfudy. Int J Epidemiol 2005,34:1234-42
Fufure publications will be zubmiffed to high impact-factor journalz appropriate fo
their subject matter, and no individualz will be identifiable”

Based on your HES Extract Application statement{above)}, the MHS IC grants to the
Licensee a non-exclusive licence to use or re-use the data specified in section 3 abaove
for the following purposes:

¢ Use only within the Field and Territory as specified in this Agreement.

¢ [Publishing the material in amy medium, including featuring the information asset on
websites which can be accessed via the Intemet or via an internal electronic network
or on an Infranst.

rsihosici el ) a1 - i saital
GROGTTE 30 S00EEE 1Ne mateial

¢ Translating the information asset into another language or converting to Braille or
other formats for people who are visually impaired.

Feferencs Mo. MIC-58855-20T25! RU41T
Viersion Moc1.0
Date: 21 Dolober 2000 Page 3 of 14
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Information
Ceritre
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8.1

5.2

5.3

5.4

55

5.6

5.7

Specific Conditions

The Licensee warranis that it and named users of this dataset agree to comply
with the principles of the MHS IC HES Protocol, and the MHS Care Record
Guarantee before using this data.

Any data or information provided which is designated “Pre-Publication® or "Pre-
Release” is subject o the additional terms and conditions contained im our
Specizl Terms and Conditions for Pre-Release Access to Official Statistics.

The Mational Statistician will set standards for protecting confidentiality, including
a guarantee that no statistics will be produced that are likely to identify an
individual unless specifically agreed with them, where the guarantee is judged
against the standard that it would take a disproportionate amount of time, effort
and expertise for an intruder to identify a statistical unit to others, or to reveal
information about that unit which s not already in the public domain.
Consequently any |:u..|k:|li|::.§ni|:|n1 derived from this data by any party are subject to
OMS confidentiality guidance on the release of Health Statistics.

This guidance is provided in the Confidentiality Guidance document and
associated working papers to be found at:

hitp www. statisfics. gov.ukiabout/dafaddiscliosure/health-siafistics. asp

Specifically, the Licensee undertakes to ensure that appropriate controls are in
place, to ensure compliance with the MHS 1Cs, Small Numbers Special Terms
and Conditions. Such controls will, a5 a8 minimum, meet the requirements of
condition 3.3 of the Small Humbers Special Terms and Conditions and more
generally satisfy Section 5 of the OMS confidentiality guidance.

Before undertaking publication activity, the Licensee or any other parfy using
this dataset or any derived information will undertake an organisational Risk
Assessment Exercise to ensure compliance with the above guidelines.

The MHS IC retains copyright of this information and this must be cited correctly
as follows:

“Copyright @ 2010, Re-used with the permission of The Health and Social
Care Information Centre. All rights reserved.”

! In the context of this Azreement the ferm “Pablication™ ar “Publications™ kas the same definition as in the Re1lse
af Public Sectar Informartion Fepulations 2005

Reference Mo: MIC-58855-20T25! RU41T
ersion Mool.0
Date: 21" October 2010 Page 4 of 14
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58  Extension of the perod of agreement will be subject to formal review by The NHS
I1C.

B0 Specific Exclusions

Mo part of this dataset may be shared with any third party in the format in which it is
provided to you by The NHS IC.

Other than specified in this Agreement, no part, derfvative, or analysis produced using
the data specified in section 3 may be sold, traded or otherwise used in any commercial
or economic activity without the express autheorsation of the NHS Information Centre,
such agreement not to be unreasonably withheld subject to payment of the appropriate
licence fees.

7.0 Charges

il | This request has been categorised as Market 2, Type B in accordance with our
Standard Terms and Conditions for the Use and Re-Use of Public Sector
Information Typolegy Annex 1. In accordance with this policy the following
charges are deemed to apply based on the anticipated sales by perod of 12
months:

(i} Re- Use Licence Fee —
a. Admitted Patient Care Annual Licence EZERD
b. Outpatient Attendances Annual Licence EZERO
c. Accident & Emergency Annual Licence EZERD

(i} Service Production Fee — £1,351.00; which for the avoidance of doubt is
made up of £1,351.00 cost and EZERO Return on Investment elements.

7.2 The charges set out above are payable in accordance with conditiom 8 of owr
Standard Terns and Conditicns for the Re-Use of Public Sector Information, on
the following Due Date — 30 days of the receipt of the HES data extract.

7.3  All charges are subject to the prevailing rate of VAT at the point of invoizing other
than those cusiomers who are part of the NHS VAT group.

Refarenca Na: MIC-58855-20T25/ RU41T
ersion Moc1.0
Daie: 21" Oolober 2010 Page S ol 14
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.0  Data sharing

Mo individual other than those named in this agreement can access the dataset and the
dataset must only be used for the explicit purpose set out above. In case of siaff
changes, the Licensee will informm The MHS |C of these changes prior to new sitaff
members gaining access to the dataset listed in this agreement.

Mamed individual to have access Job title

Shirley Simmonds (Mrs} As per application

Prof Avan Aihie Sayer As per application
| Dr Bronagh Walsh {University of Southampton) As per application

9.0 User Obligations

8.1 The KWHS IC formally wishes to acknowledge its explicit commitment fo
maintaining the comfidentiality, safety, security and integrity of all confidential and
sensitive Data to which the organisation is privy and which may be held under its
guardianship.

The MHS IC continues to legitimately enter into formal agreement and/or implicit
undertaking with all its clients, staff, wisitors, suppliers and others, in recognition of
the fact that the Data is held under the guardianship of the MHS IC and which is
pertinent io the individual client, staff member, visitor, supplier andfor other, will
ocnly be used for the explicit agreed purpose or purposes for which it has been
provided, and that there will be no unlawful disclosure or loss of the same.

Users of the Data supplied are obliged to fully comply with The Data Protection
Act 1908, together with all other related and relevant legislation and Department
of Health directives covering issues of Data sharing and including:

# British (Intemational) Standard 150 27001;

#* The Caldicott Report 1987;

# The Freedom of Information Act 2000;

« Section 251 of the Health and Social Care Act 2008;

# Confidentiality: NHS Code of Practice 2003;

* MNHS Records Management Code of Practice (Part 1, 2008 & Part 2, 2008);
# The MHS Information Security Management Code of Practice 2007;
* The Computer Misuse Act 1880;

& The Electronic Communications Act 2000;

#* The Regulaticn of Investigatory Powers Act 2000;

# The Copyrght, Designs and Patents Act 1888;

Fefarence No: MIC-55855-20T25/ RU41T
Version Mocl.0
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¢« The Re-Use of Public Sector Information Regulations 2005;
¢« The Human Rights Act 1888
* The NHS Care Record Guarantee 2007

8.2 Your extract may contain small numbers, by signing this decument you are
confirming that you understand and agree to the guidelines set out by the HES
protocol. The HES protocol strictly prohibits the release of small numbers meeting
certain criteria, no persons cther than those named in this DRA have permission
to wiew such small numbers and the data should be suppressed accordingly
before it is shared with any other parties. ADHEREMCE TO THE HES
PROTOCOL IS MANDATORY, IT CAN BE VIEWED AT:
htte:ffwww. hesonline. nhs.uk/Ease/serviet/ContentSernver?site | D=1937 &categoryl D
=331

100 Auwdit

Curing the pericd of this agreement The MHS IC reserves the nght to underiake an audit
of Licensee to ensure that all termis of this agreement are being abided by.

11.0  Transfer of data fromm NHS IC to The LICENSEE

* The data is categorised as ldentifiabkle/Sensitive and will be treated by The NHS
IC in accordance with MHS IC protocols for the tramsfer and use of NHS
Identifiable-Sensitive Data.

* LUnless ctherwise agreed the form of data transfer will be by encrypted disk.

* Before transfer The MHS IC will emcrypt the disk using WINZIP '258-bit AES
encryption' with a password length of 12 which MUST include numbers, letiers
and symbaols, and should be a mix of UPPER and lower case characters.

¢ The data WILL be sent wia secure cowrier to MRC Epidemiclogy Resource
Centre, Mailpoint 95, Southampton General Hospital, Southampton, 5016
BYD

# The MHS IC's sub-contractor will manage the fransfer of the data and a record of
the transfer will be maintained.

# The password will be provided to the named person taking responsibility within
this agreement at MRC Epidemiclogy Resource Centre via telephone or e-mail.
Once The WHS IC is satisfied that the password has been received safely, the
information will be sent.

* The named perscn must NMOT share the data or password with any cther person
at any time.

Refarenca Na: MIC-58855-20T25/ RU41T
ersion Mocl.0
Daie: 21" Oolober 2010 Page T ol 14

239



Appendix D

The
Information
Cantre

12.0 Storage of Data

Taken from the application form;

“Dafa will be stored on 3 secure sysfem password profecied where by accesz to
the HES data iz resfncfed o only thoze who are named wifhin thiz agreement.”

13.0 Data Retention

The data will be retained by Licensee until the end date of the agreement or relevant
review period. Extension of the retention pericd is subject to a formal review.

14.0 Data Destruction

Taken from the application form;

‘Data will be securely destroyed uszing file zhredding =zoftware. Similady, physzical
media will be destroyed uzing a high specification shredder with the funclionality
to irreversibly desfroy the disc. The dafa will alzo be removed from any back up
tapes that confain it. Confirmation that thiz haz occurred will be given in wnting to
the NHS IC*

15.0  Breach of Conditions

Notification of breach The Licenses agrees to report immediately to The NHS 1T instances of
breach of any of the terms of this Agresment.

Right to ferminate access The breach of any of the terms of this Agreement may result in the
immediate termination of access to the data and the retum of the data to The NHS IC in the
manner to be advised by The MHS IC.

Sanctions The breach of any of the provisions of this Agreement may result in sanctions being
sought against the Licenses.

16.0  Changes to Terms of Agreement

The MHS IC has the right to change the terms of this agreement and these will be
notified to the Licencee in writing. On such occasion unless Licensee notifies The MHS
IZ in writing within 14 days of receiving notice of any changes The MHS IC will assume
that the agreement will continue under the revised tems.

Reference Mo: MIC-58855-20T25 RU41T
ersion Mool.0
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If the person signing for Licensee should leave their post or the responsibility for this
agreement changes from them, then it is incumbent on that person to arrange a new
signatory to this agreement and The NHS IC informed of this requirement immediately.

Feference Mo: MIC-55855-20T25! RU41T
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Agreement Signatures

By signing this document you are confirming that you understand and agree fo the
guidelines sat out by the HES protocol. Please see User Obligations (paragraph 8.2) for

further details.
For and on behalf of:

MRC Epidemiclogy Resource Centre

Signed:

Prinf name:

Posi/Title:

Date:

MRC Epidemiclogy Resource Centre
Mailpaoint 85

Southampion General Hospital
Southampton

5016 &YD

Director of Information Governance
on behalf of the NHS IC
Caldicott Guardian

Signed:
Print name: Clare Sandersocn

Date:

The NHS Information Centre
1 Trevelyan Sguare

Boar Lans

Leeds

LS1 GAE

For and on behalf of:

The NHS Information Centre

Signed:

Print name: Dean White
FPogtTitle: Head of Commercial
Management

Dafa:

The NHS Information Centre

7™ Floor New King's Beam House
22 Upper Ground

London

SE1 8BW

Reference Mo: MIC-55855-20T25 RU41T
ersion Moc1.0
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Appendix A: DATA DISCLOSURE RISK ASSESSMENT

TO BE COMPLETED IF IDEMTIFIABLE f SENSITIVE DATA REQUIRED AND

APPROVED.

Reference No: MIC-55855-30T25 RU41T
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Appendix B: Customer Application — Data Extract Specification

et
H

EXTRACT SPECIFICATION FOR
MRC Lifecourse Epidemiology Unit (ET2746)

M= Shirley Stmmends of MRC Lifecourse Epidemiclogy Unit requires an extract
from the HES datzbaze for the mpatent data vear(s) 1999 to 2009/10 provizional data (12
vears of datza), outpatent data vear(z) 200304 to 200910 provisional (7 vears) datz and
A&E datz year(s) 200708 to 200910 provizional data (3 vears of data).

The extract will be produced m the form of ASCII files, pipe-delimuted, unless otherwise
stated. Dependmg on the size of vour extract cutput files will be spht every 5. 000,000
rows. ¥our extract will be encrypted and password protected using Winzip v11 at 256-bat
encryvphon levels. Please note that vou will requure sofiware capable of uncompressing
files wsing this level of encryption. If you are unsure of whch version you have please
contact your local IT support and 1f there are any problems please contact the Northzate
helpdesk on 0870 7510872,

3. The following filters will be applied to the data:
Diata wall be matched on NHS mimbers provided by the customer.
4. The following fields will be included:
In-Patient Extract
Doa DIAZ D2 | IAG 20 | OPER_18
NEWHNHEN | DIAG_10 | OPER_0E | TRETSPEF
[+]
EXTRACT_ | DIAE_11 | OPER_0D | DOMPROG
HESID
HOMEADD | IAG_12 | OPER_I0 | GPPRALC
SEX MAG_12 | OPER_11 | EPIKEY
ADMIMETH | MAG_14 | OPER_12
ADMIDATE | MAG_15 | OPER_13
ADMISCORC | DIAG_16 | OPER_14
DISDATE DAG_1T | OPER_15
DISDEST MAG_1E | OPER_16
DIAG D1 | DIAG_18 | OPER_IT
DIAG_D3 | OPER_01 | OPER_19
DIAG_D2 | OPER_0Z | OPER_20
DIAG_D5 | OPER_03 | OPER_Z1
DIAG_05 | OPEA_O4 | OPER_22
DIAG_O7 | OPEA_O5 | OPER_Z3
DIAG_03 | OPEA_06 | OPER_24
DIAG_D9 OPER_OT | MAINSPE
F
DRAN1 - Data Re-Use Agreement Page 12 of 14
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DOB DIAE 06
FEWHHGHD DIAG_07

EXTRACT_HESI | DIAG 08

o
HOMEADD DIAG 09
=N DIAG_10
APOTOATE DIAG_11
ETENTYEE DIAG_12
DUTCOME MAINGPEF
DIAG 01 TRETGREF
DIAG 02 ATTEMDKE
¥
DIAE 03
DIAG 04
[OE 05 [ |
AAE Extract
DoE DIAE_06 DIAGA_O7 | DIAGS_O7
MEWHASHD DIAG_07 DIAGA_D8 | DIAGS 08
HOMEADD DIAG 02 DIAGA 09 | DIAGS 00
EWTRACT_HESI | OIAG 09 DIAGA_10 | DIAGE_10
D
= DIAG 10
AEARAIVALMO | DIAE_11 DIAGA_11 | DIAES_T1
DE

ACATTEMDDIS | DIAG_12 DiaGa 12 DIAES_12
-]

ARRNALDATE | DIAGA D1 DIAGS M GPPRAC

DIAG_O1 DIEGA 2 | DIAGS 2| DOMPROG
DIAG 02 DIAGA 03 | DIAGS 03 | AEREY
DIAG 03 DIEGA 2 | DIAGS 02
DIAG 04 DIAGA 05 | DIAGS 05
| Ol&iE 05 | DlAGA 05 | DIAGS 06 | |
5 FPleaze note that the data files :upplied will be encrypied and password protected. To

access these files the Data Custedian, or appointed contact, should call the HES
Servicedesk om 0570 7510872 gquoting the “ET" reference number and a:k to be
supplisd with the extract password. The Servicedesk will then check: the details
supplisd and email the password to the data costodian.

i A list will be provided giving the order in which the Selds are presented  Mote that the
data will not be identical o that received from the data providers. It has besn cleaned by
the HES system and in some cases, the “mnknown™ and “mapplicable™ valnes have been
changed to conform to the “typing” requirements of the system The HES data dicionary
explain: the meaning of the fields, in particular giving the “unknown and “inapplicable™

DRADDT - Data Re-lise Agresment Page 13 of 14
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codes for many fields. The HES data dicienary can be accessed via the HES web pages at
W hesonline nhy uk

T. Copyright € 2010, The Information Centre. All rights reserved.
This work remains the sole and exclusive properiy of The Information Cenire and may
only be reproduced where there is explicit reference to the ownership of The Informaton
Centre.

Pleasa sign below fo confinm that you wish to continue with this data request to receive the data as
specified above.

If you have any gqueries regarding this dats specification or wounld like 1o make any amendments
than please raise these issues with the MHS IC via enquiriesiziic nhs: nk before remrning this
document. (Fleaze mclude your reference number beginning “NIC* in the title of any responses)

Paquests to make amendments to this data specification afier the data has been dispatched may

result in you being required to submit a new data request application. The preduction costs stated
in DEA section *7.0 - Charges” for dispatched data specified abowe will stll be charged.

SPECIFICATION AGREED

{Signature) (I¥ame) (Drate)

DRADD - Data ReUse Agresment Page 14 of 14 m
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AHES Data Re-Use Agreement (Extracts)

IC Ref: NIC-598558-2DT25
IG Ref: RU417

1.0 Organisations

This Data Re-Use Agreement (the Agreement) is drawn up between:

The Health & Social Care Information Centre (The NHS IC)
1 Trevelyan Sguare

Boar Lane

Lesds

LE1 6AE

And:

MRC Lifecourse Epidemiclogy Unit (the “Licences™)
Mailpaint 85

Southampton General Hospital

Southampton

5018 6¥D

This Agreement grants to the Licensee a time limited licence to re-use the data defined
in Section 3 of this agreement. The data must only be used in accordance with the terms
set cut in this agreement and as additiomally contained in the Standard Terms and
Conditions for the Use and Re-Use of Public Sector Information, (Version 2.2 attached)
and as may be additionally specified in Section 5 below.

This licence is limited to granting the Licensee rights to utilise the data in products or
services supplied by you for,

Research Study hersin-after the “Field™ in,
England herein-after the “Territory™.
Toegether the term Field and Termitory represent the pemmissible “Market” for your

products and services in accordance with our “Re-Use of Information, Re-Use License
Feas Policy” (WVersion 1.2 attached). Should you reguire a license or licenses for

Refarance Mo: MIC-S8850-20T2S! RUAIT
Varzion Mol 1
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additional markets, please contact The NHS IC to discuss the terms and conditions on
which such additional licenses might be granted.

In case of doubt, the Terms and Conditions set out in this Re-Use Agreement shall take

precedence over any comesponding Terms and Condiions contained in subsidiany
documents referenced herein.

2.0  Period of agreement

This agreement commences on 1= February 2077 and will be subject to formal review
on an annual basis and will terminate or be extended prior to 37 Janwary 2012,

3.0 Data required

Pseudonymised Hospital Episode Statistics (HES) data containing all records extracted
from the following HES databases:

+ Admitted Patient Care — data years are 1993/49 {o 200809 and 20090
provisional data

* QOuipatient Attendances — data yearz are 2003/04 o 2008/09 and 200910
provisional data

+ Accident & Emergency — data years are 2007/08 fto 2008/09 and 20090
provisional data

3.1 Specification

See Appendix B

3.2 Permissions

Confirmation received from Ethics & Confidentiality Commitiee secretariat that
appropriate consent is in place for the use of identifiable data fizlds for this project.

Raferznoe Moo NIC-59850-2DT25! RUSIT
Version Nool.1
Date: 05" January 2011 Page 2 of 14
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4.0  Purpose for which data is to be used

Re-Use Application Statement

HES data will be added to the comprehensive characterisation we have built up
of the lifecourse of 3000 men and waomen born in Hertfordshire who were sfill
resident there and took part in an MRC baseline study around the furm of the
millennium. Many of them have been seen again since. The dataset cumently
includes items as diverss as birthweight and method of feeding in infancy; work
and reproductive histories; dief, smoking and alcohol consumplion; medical
history up to date of clinic affendance and a wide range of clinical measurements.
Pasterty samples of blood and urine have been stored and ONA extracfed. The
cohort are flagged for continuous notification of death, thus wliimately date and
cause of death will be included too.

Adding HES data will give us the potential fo identify precursors fo diseass and
track its course and oufcome without the need fo frouble individuals, some of
whom may be increasingly frail. Conversely, now that they are aged 71-75 the
cohort provide an oppartunity to identify factors which underfie healthy ageing,
which iz crucial in an ageing sociefy. We have seff-reported inpalient data on a
sub-set and will use HES dafa to validate this.

Owver 100 publications have resulted from this study to date, the most recent of
which can be accessed via this link-

hittofwww mirc. sofon. ac. ukdndex. asp?page=3.

An overview of the cohort was published in 2005;

Syddall HE, Sayer AA, Dennisan EM, Martin HJ, Barker 0J, Cooper C. Cohort
FProfile: The Hertfordshire Cohort Study. Int J Epidemiol 2005,34:1234.42
Future publications will be submitted fo high impaci-factor journals appropriate to
their subject matter, and no individuals will be identifiable”

Based on your HES Extract Application statement{above), the NHS IC grants to the
Licensee a non-exclusive licence to use or re-use the data specified in section 3 above
for the following purposes:

¢ == only within the Fisld and Temitory as specified in this Agreement.

+ [Publishing the materal in any medium, including featuring the information asset on
websites which can be accessed via the Intemet or via an intemal electronic network
or on an Intranet.

iy i o - '.... iy

+ Translating the information asset into another language or converting to Braille or
other formats for people who are visually impaired.

Reference Moo NIC-58359-20T25) RU4IT
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5.0

a1

2.2

2.3

2.4

2.5

2.6

2.7

Specific Conditions

The Licensee wamants that it and named users of this dataset agree to comply
with the principles of the NHS IC HES Protocol, and the NHS Care Record
Guarantee before using this data.

Any data or information provided which is designated “Pre-Publication® or “Pre-
Releaze” is subject to the additional terms and conditions contained in our
Special Terms and Conditions for Pre-Release Access to Official Statistics.

The Mational Statistician will set standards for protecting confidentiality, including
a guarantee that no statistics will be produced that are likely to identify an
individual unless specifically agreed with them, where the guarantee is judged
against the standard that ‘it would take a disproportionate amount of ime, effort
and expertise for an intruder to identify a statistical unit to others, or to reveal
information about that wnit which i not already in the public domain.
Consequently any publication’ derived from this data by any party are subject to
ONS confidentiality guidance on the release of Health Statistics.

This guidance iz provided in the Confidentiality Guidance document and
aszociated working papers to be found at:

httpwww. statistics. gov. uk/about/data/disclosure/healih-stalistics. asp

Specifically, the Licensee undertakes to ensure that appropriate controls are in
place, to ensure compliance with the NHS ICs, Small Numbers Special Terms
and Conditions. Such controlz will, @2 a minimum, meet the requirements of
condition 3.3 of the Small Mumbers Special Terms and Condiions and more
generally satisfy Section 5 of the ONS confidentiality guidance.

Before undertaking publication activity, the Licensee or any other parly using
thizs dataset or any derived information will undertake an organisational Risk
Assessment Exercize to ensure compliance with the above guidelines.

The NHS IC retains copyright of this information and this must be cited correctly
as follows:

“Copyright @ 2010, Re-used with the permizsion of The Health and Social
Care Information Centre. All rights reserved.”

! In the context of this Agresment the ferm “Publication™ or “Publications™ has the same definition 25 in the Re-Use
of Public Sector Information Fegulations 2003

Raference Moo NIC-59859-20T28! RUAT
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3.8  Extension of the period of agreement will be subject to formal review by The NHS
IC.

6.0  Specific Exclusions

Mo part of this dataset may be shared with any third party in the format in which it is
provided to you by The NHS IC.

Other than specified in this Agreement, no part, denvative, or analysis produced using
the data specified in section 3 may be sold, traded or otherwise used in any commercial
or economic activity without the express authorsation of the NHS Information Centre,
such agreement not to be unreasonably withheld subject to payment of the appropriate
licence fees.

7.0 Charges

7.1  This request has been categorised as Market 2, Type B in accordance with our
Standard Terms and Conditions for the Use and Re-Use of Public Sector
Information Typology Annex 1. In accordance with this policy the following
charges are desmed to apply based on the anficipated sales by period of 12
months:

(i} Re- Use Licence Fee —
a. Admitted Patient Care Annual Licence £ZERO
b. Ouipatient Attendances Annual Licence £ZERO
c. Accident & Emergency Annual Licence £EZEROD

(i} Service Production Fee — £1,351.00; which for the avoidance of doubt is
miade up of £1,351.00 cost and £ZERO Retum on Imvestment elements.

7.2 The charges =&t out above are payable in accordance with condition 9 of our
Standard Terms and Conditions for the Re-Use of Public Sector Information, on
the following Due Date — 30 days of the receipt of the HES data extract.

7.3 All charges are subject to the prevailing rate of VAT at the point of invoicing other
than those customers who are part of the NHS VAT group.

Referance Moo NIC-E9850-2DT25 RIUMAT
Version No:l.1
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8.0 Data sharing

Mo individual other than those named in this agreement can access the dataset and the
dataset must only be used for the explicit purpose set out above. In case of staff
changes, the Licensee will inform The NHS IC of these changes prior to new staff
members gaining access to the dataset listed in this agreement.

Hamed individual to have access Job title

Shirey Simmonds (Mrs) Az per application
Prof Avan Alhie Sayer As per application
Or Bronagh Walsh (University of Southamipton) As per application
Mre Holly Syddall As per application
Ms Karen Jameson As per application
Ms Vanessa Cox As per application

9.0 User Obligations

91 The HHS IC formally wishes to acknowledge its explicit commitment to

miaintaining the confidentiality, safety, securty and integrity of all confidential and
sensitive Data to which the erganisation is privy and which may be held under its

guardianship.

The MHS IC continues to legitimately enter into formal agreement andfor implicit
undertaking with all its clients, staff, visitors, suppliers and cthers, in recognition of
the fact that the Data is held under the guardianship of the NHS IC and which is
pertinent to the individual client, staff member, visitor, supplier andior cther, will
only be used for the explicit agreed purpose or purposes for which it has been
provided, and that there will be no unlawful disclosure or loss of the same.

Users of the Data supplied are obliged to fully comply with The Data Protection
Act 1998, together with all other related and relevant legislation and Departmient
of Health directives covering issues of Data sharing and including:

British {Intemational) Standard 150 27001,

The Caldicott Report 1597,

The Freedom of Information Act 2000;

Section 251 of the Health and Social Care Act 2006;

Confidentiality: NHS Code of Practice 2003;

MHS Records Management Code of Practice (Part 1, 2006 & Part 2, 2009);
The NHS Information Security Management Code of Practice 2007;

The Computer Misuse Act 1990;

Referance Noo NIC-59858-20T25 RUAIT
Wersion Norl 1
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The Electronic Communications Act 2000;

The Regulation of Investigatory Powers Act 2000;

The Copyright, Designs and Patents Act 1988;

The Re-Use of Public Sector Information Regulations 2005;
The Human Rights Act 1958

The NHS Care Record Guarantee 2007

92  Your extract may contain small numbers, by =igning this document you are
confirming that you understand and agree to the guidelines set out by the HES
protocol. The HES protocol strictly prohibits the release of small numbers meeting
certain criteria, no persons other than those named in this DRA have permission
to view such small numbers and the data should be suppressed accordingly
before it is shared with any other parties. ADHEREMCE TO THE HES
PROTCOCOL 1S MANDATORY, IT CAN BE VIEWED AT:
http:{'www_hesonline.nhe uk/Ease/servietiContentServer?sitelD=1937 & categorylD
=331

10.0  Audit

During the period of this agreement The NHS IC reserves the right to undertake an audit
of Licensee to ensura that all terms of this agreement are being abided by.

11.0  Transfer of data from NHS IC to The LICENSEE

+ The data iz categorized as ldentifiable/Sensitive and will be treated by The NHS
IC in accordance with NHS IC protocols for the transfer and use of NHS
Identifiable-Sensitive Data.

*# Linless otherwise agreed the form of data transfer will be by encrypted disk.

+ Before transfer The NHS IC will encrypt the disk using WINZIP '256-bit AES
encryption’ with a password length of 12 which MUST include numbers, letters
and symbols, and should be a mix of UPPER and lower case characters.

+ The data WILL be =sent via secure courier to MRC Lifecourse Epidemiology
Unit, Mailpoint 95, Southampton General Hospital, Southampton, S016 6YD

* The NHS IC's sub-contractor will manage the fransfer of the data and a record of
the transfer will e maintained.

+ The password will be provided to the named person taking responsibility within
thiz agreement at MRC Lifecourse Epidemioclogy Unit via telephone or e-mail.
Once The NHS IC is satisfied that the password has been received safely, the
information will be sent.

+ The named person must NOT share the data or password with any other person
at any time.

Raeferance Mo: MIC-E9850-2DT25! RUMAT
Version No:l.1
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12.0 Storage of Data

Taken from the application form;

“‘Data will be stored on a secure system password protected where by access fo
the HES data is resfricted fo only those who are named within this agreement.”

13.0 Data Retention

The data will be retained by Licensee until the end date of the agreement or relevant
review penod. Extension of the retention period is subject to a formal review.

14.0 Data Destruction

Taken from the application form;

“‘Data will be securely destroyed using file shredding software. Similarly, physical
media will be destroyed using a high specification shredder with the funclionality
to imeversibly destroy the disc. The data will also be removed from any back up
tapes that confain it. Confirmation that this has cccurred will be given in writing fo
thae NHS IC”

15.0 _Breach of Conditions

Nafification of breach The Licenses agress to report immediately to The MHS 1C instances of
breach of any of the terms of this Agreement.

Right to ferminate access The breach of any of the terms of this Agreemeant may result in the
immediate termination of access to the data and the returm of the data to The NHS IC in the
manner to be advised by The MHS IC.

Sancfions The breach of any of the provisions of this Agreement may result in sanctions being

sought against the Licenses.

16.0 Changes to Terms of Agreement

The MHS IC has the right to change the terms of this agreement and these will be
notified to the Licencee in writing. On such occasion unless Licensee notifies The NHS

Reference Noc NIC-59859-2DT25! RUA1T
Wersion Norl 1
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IC im writing within 14 days of receiving notice of any changes The MHS IC will assume:
that the agreement will continue under the revized terms.

If the perzon signing for Licensee should leave their post or the responsibility for this
agreement changes from them, then it iz incumbent on that person to amange a new
signatory to this agreement and The NHS IC informed of this requirement immediately.

Reference Moo NIC-E9855-20T25! RIM1T
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Agreement Signatures

By s=igning this document you are confirming that you understand and agree to the
guidelines set out by the HES protocol. Please see User Obligations (paragraph 9.2) for

further details.
For and on behalf of:

MRC Lifecourse Epidemioclogy Unit

Signed:

Print name:

PaostTitle:

Date:

MRC Lifecourse Epidemioclogy Unit
Mailpoint 95

Southampton General Hospital
Southampton

3016 6YD

Director of Information Governance
on behalf of the NHS IC
Caldicott Guardian

Signed:
Print name: Clare Sanderson
Date:

The NHS Information Centre
1 Trevelyan Square

Boar Lane

Leeds

L51 6AE

For and on behalf of:

The MHS Information Centre

Signed:

Print name; Dean White
Paost/Title: Head of Commercial

Management
Date:

The NHS Information Centre

7 Floor Mew King's Beam House
22 Upper Ground

London

SE1 9B8W

Raference Noo NIC-59859-20T25/ RU41T
Wersion Noc1.1
Date: 05 Janary 2011

Page 10 of 14
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Appendix A: DATA DISCLOSURE RISK ASSESSMENT

TO BE COMPLETED IF IDEMTIFIABLE { SEMSITIVE DATA REQUIRED AND

APPROVED.

Reference Moo MIC-S9853-20T25/ RU41T
Wersion Moo1.1
Date: 05" January 2011

Page 11 of 14
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Appendix B: Customer Application — Data Extract Specification

et
H

EXTRACT SPECIFICATION FOR
MRC Lifecourse Epidemiology Unit (ET2746)

M= Shirley Stmmends of MRC Lifecourse Epidemiclogy Unit requires an extract
from the HES datzbaze for the mpatent data vear(s) 1999 to 2009/10 provizional data (12
vears of datza), outpatent data vear(z) 200304 to 200910 provisional (7 vears) datz and
A&E datz year(s) 200708 to 200910 provizional data (3 vears of data).

The extract will be produced m the form of ASCII files, pipe-delimuted, unless otherwise
stated. Dependmg on the size of vour extract cutput files will be spht every 5. 000,000
rows. ¥our extract will be encrypted and password protected using Winzip v11 at 256-bat
encryvphon levels. Please note that vou will requure sofiware capable of uncompressing
files wsing this level of encryption. If you are unsure of whch version you have please
contact your local IT support and 1f there are any problems please contact the Northzate
helpdesk on 0870 7510872,

3. The following filters will be applied to the data:
Diata wall be matched on NHS mimbers provided by the customer.
4. The following fields will be included:
In-Patient Extract
Doa DIAZ D2 | IAG 20 | OPER_18
NEWHNHEN | DIAG_10 | OPER_0E | TRETSPEF
[+]
EXTRACT_ | DIAE_11 | OPER_0D | DOMPROG
HESID
HOMEADD | IAG_12 | OPER_I0 | GPPRALC
SEX MAG_12 | OPER_11 | EPIKEY
ADMIMETH | MAG_14 | OPER_12
ADMIDATE | MAG_15 | OPER_13
ADMISCORC | DIAG_16 | OPER_14
DISDATE DAG_1T | OPER_15
DISDEST MAG_1E | OPER_16
DIAG D1 | DIAG_18 | OPER_IT
DIAG_D3 | OPER_01 | OPER_19
DIAG_D2 | OPER_0Z | OPER_20
DIAG_D5 | OPER_03 | OPER_Z1
DIAG_05 | OPEA_O4 | OPER_22
DIAG_O7 | OPEA_O5 | OPER_Z3
DIAG_03 | OPEA_06 | OPER_24
DIAG_D9 OPER_OT | MAINSPE
F
DRAN1 - Data Re-Use Agreement Page 12 of 14
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Outpationt Extrast

Do8 DIAG_0&
NEWNHZNO DIAG_O7
EXTRACT_HESI | DIAG_08
8]
HOMEADD DlAG_05
SEX DIAG_10
APPTDATE DIAG_11
ATEMTYPE DIAG_12
QUTCOME MAINSPEF
DIAG_01 TRETSPEF
DlaG_02 ATTEMDKE
Y
DiaG_03
DIAG_D4
DIAG D5
AAE Extraot
DoE DlAG 06 DlAGA_DT DIAGS_TO7
NEWNHSHNO DlAG 07 DlAGA_DS DIAGS_DE
HOMEADD DlAG 0E DlAzA_D2 DIAGS_|
EXTRACT_HESI | DIAG_09 DAGA_10 DIAGS_10
8]
SEX DlAG 10
AFARRIVALMO | DIAG 11 DlAGA_11 DIAGS_11
DE
AFATTEMDDIS | DlAG 12 DlAGA_12 DIAGS_12
-]
ARRNALDATE DIAGA_D1 MAGE_D1 GPPRAC
DIAG_D1 DIAGA_D2 DAGE_D2 DOMPROC
DlaG_D2 DlAGA_D3 MAGS_D3 AEKEY
DiAG_03 DIAGA_D< DIAGS_Dd
DIAG_D4 DIAGA_0S MAGS_DS
DIAG D5 DlAGA 0§ DAGS D6

"
.

Please note that the data files supplied will be encrypted and paszword protected. To
access these files the Data Custodian, or appointed contact, should call the HES
Servicedesk on 0870 TE10872 quoting the *ET” reference number and ask to be
supplied with the extract password. The Servicedesk will then check the detail:

supplied and email the password to the data custodian.

6. A D=t wall be provided grning the order in which the fields are presented. Mote that the
data wall not be 1dentical to that recerved from the data providers. It has been cleaned by
the HES svstem and in some cases, the “unknown™ and “mnapphicable™ values have been
changed to conform to the “Hypmg” requirements of the system. The HES data dichonary
explaims the meamng of the fields, m particular grving the “unknown and “inapplicabls”™

DRAN1 —Data Re-Uss Agreement Page 13 of 14 m
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codes for many fields. The HES data dictionary can be accessed via the HES web pages at
www.besonhne phe uk

1. Copyright © 1010, The Information Centre, All rights reserved.
Thas work remains the sole and exclusive property of The Informaton Centre and may
only be reproduced where there 15 explicit reference to the ownership of The Information
Centre.

Please sign below to confirm that vou wish to contimue with thas data request to receive the data as
specified above.

If vou have any queries regarding this data specification or would like to make any amendments
then please raize these 1smues with the 2WHS IC w1z enqumes/@ie nks uk before returming tha=
document. (Please melude your reference number begmmnmg ‘NIC® 1 the title of anv responses)

Fequests to make amendments to this data specification after the datz has been dispatched may

result m you bemg required to submut 2 new data request application. The produchon costs stated
m DEA section “7.0 - Charges’ for dispatched data specified above wall stll be charged.

SFECIFICATION AGREED

(Signature) {Mame) {Date)

DRAN1 - Data Re-Uss Agreement Page 14 of 14
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D(vii) NIC-59859-2DT25 (renewal agreement for Hospital Episode Statistics)

FDRATS11.0 m

Centre

Data Re-use Agreement — Renewal

Renewal IG Ref: MIC-58859-2DT25-R1
Renewal IC Ref: RU417-R1

1.0 Organisations

This Data Re-Use Agreement (the Renewal) is drawn up bebtesen:

The Health & Scocial Care Information Centre (The HSCIC)
1 Trevelyan Square

Boar Lane

Leeds

L51 BAE

And:

MR Lifecourse Epidemioclogy Unit (the “Licences™)
Mailpoint 95

Southampion General Hospital

Southampion
5018 6YD

2.0 Amendment{s)

This document seis out the following renewal to the onginal Data Re-use Agreement
referenced MIC-59859-2DT25! RU417 dated 57 January 2011.

21 Remnewal period of agreement

The WHS Information Centre hereby grants a 36 month extension to the Data Re-
use Agreement number HIC-52853-2DT25/ RU417T.

The agreement renewal takes efect from 15 February 2012 and will terminate on
31 Ja nuary 2015 (The Expiry Date).

The Licensee confirms that retention of and use of the specified data remains

subject to the conditions set out in the orginal Data Re-use Agreement and such
additional terms and conditions as may be specified there-in.

Feference Moo MIC-53250-20T25-R1 R TR
Wersion Moo 1.0

Duabe: 1% June 2042 Fage1of S

The Hesith and Socal Care Ieformabion. Publsred Explemiber 2011
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3.0

4.0

Prior io The Expiry Date the Licensee shall remove [/ destroy all data specified in
the Data Re-use Agreement from all systems in accordance with the Agreement
and the HSCIC Standard Terms and Condition for the Use and Re-Use of Public
Sector Information.

Reguests o extend the Data Re-use Agreement or retain the specified data for
an addition 12, 24 or 38 months should be made in wrting by the Licensee o The
HECIC a minimum of 30 days before The Expiry Date.

Charges

31 Im accordance with this Amendment to the orginal Data Re-use
Agreement the following additional charges are deemed to apply.

(i} Extract Re- Use Licence Fee —
a. Admitted Patient Care Annual Licence EZERO
b. Cutpatient Atendances Annual Licence EZERO
c. Accident & Emergency Annual Licence EZERC
(i} Service Production Fee — EZERO; which for the avoidance of doubt is
made up of EZERD cost and EZERD Return on Investment elements.

32 The charges set out above are payable in accordance with condition 8 of
our Standard Terms and Conditions for the Re-Use of Public Sector
Information, on the following Due Date — 30 days of the receipt of the
HES data extract.

3.3 All charges are subject to the prevailing rate of VAT at the point of inveicing
other than those customers who are part of the HHS VAT group.

Conditions

IT 15 HEREEBY AGREED as follows:

Feference Moo MIC-59855-20T25-R1 RUL1T-R
Wershon Mo: 1.0

Dube: 1% June 2042 FagelnoiS

The Heaith and Social Cars informabon. Publshed Sepbemiber 2011
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Information
Canftre

4.1 The terms used in this Amendment shall have the sames meanings as set

out in the Agreement.

4.2 The parties acknowledge and agree that all terms and conditions of the
Agreement shall remain unchanged except as otherwise stated in this

Amendment.

4.3 Each of the parties shall execute, sign and do all such further motices,
documents, acts and things as may be necessary to give full force and

effect to the provisions of this Amendment.

44 Except in respect of fraudulent misrepresentations, the pariies
acknowledge and agree that the Agreement as varied by this Amendment
contaims the wheole wrttem agreement between the Customer and the

HSCIC.

45  This Amendment is govemned by and shall be construed in accordance with
English Law amnd the paries submit to the exclusive jurisdiction of the

Courts of England and Wales.

Reference MO NIC-S3555-Z0T25-R1VRUS1T-RI
Wersion No: 1.0

Deabe: 1% June 2042 Fage3ofs

The Heaith and Socal Care Informabon. Publshed S=plemiber 2011
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Agreement Signatures

For and on behalf of:

MRC Lifecourse Epidemiclagy Unit

Signed:

Print name:

PostiTifka:

Date:

MRC Lifecourse Epidemiology Unit
Mailpaint 85
Southampton General Hospital

For and on behalf of:

The Health and Social Care Information
Centre

Signed:

Frint name: Dean White
FostTitlie: Head of Commercial
Management

Dafea:

The Health and Social Care Information
Centre

Southampton 1 Trevelyan Square
S016 6¥D Boar Lane
Leads
LS1 6AE
Risference Mo MIC-53558-20T2E-R1 RUL1T-H1
Dabe: 1 June 2043 Fage4olS

The Heaith and Social Car= informabon. Pubilshed Sepbemiber 2011
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HSCIC Director of Information
Governance on behalf of HSCIC
Caldicott Guardian

Signed

Primt name:

Date

The Health and Social Care Information
Centre

1 Trevelyan Sguare

Boar Lane

Leads

LS1 BAE

Fisfanence Mo MIC-53855-20T25-R1 RULTT-R1
Wersion Nao: 1.0
Dabe: 1% June 2042 FageSof s

The Hesith and Social Care Informabion. Publshed Explember 2011

265



Appendix D

D(viii) ERGO 13141 SSEGM ethics sub-committee application form

UNIVERSITY OF

Southampton

This version npdared December 2013

SSEGM ETHICS SUB- COMMITTEE APPLICATION FORM

Please note:

You must not begin data collection for your study until ethical approval has been

obtained.

It is your responsibiiity to follow the University of Southampion’s Ethics Policy and any
relevant academic or professional guidelines in the conduct of your study. This includes
providing approprate information sheets and consent forms, and ensuring confidentiality
in the storage and use of data.

It is also your responsibility to provide full and accurate information in completing this
form.

Name(s): Shirley Simmonds

Current Position MPhil/PhD Student in Gerontology

Contact Details:

Division/School Centre for Research on Ageing/ Social Sciences
Email sjs3g10@soton.ac.uk

Phone 023 8077 7624 ext 159 or 07949 429348

Is your study being conducted as part of an education qualification?
Yes No O

If Yes, please give the name of your supervisor

Maria Evandrou

Title of your project:

Patterns and predictors of hospital admissions in an ageing cchort - using routinely collected
data to enhance a cohort study (previsienal title)

Briefly describe the rationale, study aims and the relevant research questions of your
study

Baseline data from the Hertfordshire Cohort Study (HCS) will be combined with Hospital Episode
Statistics for the same people over the following decade te enable characterisation of
admissions at the individual level. The social, biclogical and lifestyle factors that underpin
various categories of hospital admission, individually and in combination, will be explored
among this ageing cohort.

This work has important policy implications given the current pressure on the NHS.
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Describe the design of your study

Baseline characterisation was conducted by the Medical Research Council between 1999-2004.
(Please see appendices 2—4 for original ethical consent) NHS numbers were known, and cohort
members gave written consent to the future interrogation of their medical records. Hospital
Episede Statistics were obtained for the peried from baseline to 31/03/2010 (Appendices 5-6
show criginal data sharing agreement and extension). The two data sources were then linked.

Who are the research participants?

Members of the Hertfordshire Cehort Study, ie 2997 people barn in Hertfardshire between
1931-39 and resident there at baseline.

If you are going to analyse secondary data, from where are you obtaining it?

Medical Research Council Lifecourse Epidemiclogy Unit.

If you are collecting primary data, how will you identify and approach the participants to
recruit them to your study?

Please upload a copy of the information sheet if you are using one - or if you are not using one
please explain why.

n/a

Will participants be taking part in your study without their knowledge and consent at the
time {e.g. covert observation of people)? If yes, please explain why this is necessary.

N

If you answered ‘no’ to question 13, how will you obtain the consent of participants?

Please upload a copy of the consent form if you are using one - or if you are not using one
please explain why.

Already obtained, please see section 8.

Is there any reason to believe participants may not be able to give full informed consent?
If yes, what steps do you propose to take to safeguard their interests?

nj/a

If participants are under the responsibility or care of others (such as parents/carers,
teachers or medical staff) what plans do you have to obtain permission to approach the
participants to take part in the study?
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16.

17.

18.

19.

20.

21.

22.

23.

UNIVERSITY OF

Southampton

n/a

Describe what participation in your study will involve for study participants. Please attach
copies of any questionnaires and/or interview schedules and/or observation topic list to
be used

Ne further contact with participants is required. The study will use secondary data analysis

How will you make it clear to participants that they may withdraw consent to participate
at any point during the research without penalty?

n/a

Detail any possible distress, discomfort, inconvenience or other adverse effects the
participants may experience, including after the study, and you will deal with this.

n/a

How will you maintain participant anonymity and confidentiality in collecting, analysing
and writing up your data?

Analysis files do not contain named data. Individuals are identified only by their HCS serial
number. Na individual will be identifiable in either the thesis cor publications. Care will be taken
to anonymise reports where cutcomes relate to numbers of cases so small as to be potentially
identifiable.

How will you store your data securely during and after the study?

The University of Southampton fras a Research Data Management Policy, including for data

retention. The Policy can be consulted at hiip//www.calendar SOton. ac.uk/sectioniVirese arch-

data-management.fitm/

All data are stored electronically. Master files containing identifiable records are held on servers
in the MRC Lifecourse Epidemiclegy Unit. Analysis files may be copied only ento encrypted
memory sticks supplied by the MRC, as may work generated from them until published. The
applicant is a member of staff at the Lifecourse Epidemiclogy Unit and breach of their strict
data protection code constitutes grounds for dismissal.

Describe any plans you have for feeding back the findings of the study to participants.

Cohort members receive annual newsletters detailing the results of recent research

What are the main ethical issues raised by your research and how do you intend to
manage these?

Patient confidentiality. Please see 19.

Please outline any other information you feel may be relevant to this submission.
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In addition to the individual consents (section 8), the Hertfordshire Cohort Study has ethical
clearance frem the ONS Central Ethics Committee for tracing of participants and Hertfordshire
and Bedfordshire Local Research Ethics Committee for fieldwork.

6 files are attached relating to ethical permissions:

1. HCS Summary.pdf, a summary of ethical permissions held in relation to HCS te 2010
2. EC98248a.pdf, original permission from East & North Herts research ethics committee
3. EC98248b.pdf, a revision allowing information on clinical events to be stored

4. WHO02_98.pdf, the equivalent permissions from West Herts research ethics committee
5. AHES DRA Extract_NIC-59859-2DT25.pdf, the HES data sharing agreement

6. DRA Renewal-ref- NIC-59859-2DT25-R1.pdf, renewal of the data sharing agreement

The applicant has been a member of the Hertferdshire Cohort Study team since its inception
over 20 years ago. In this role she ebtained the HES data and collaberated in collecting baseline
data frem the cochert members
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UNIVERSITY OF
Southampton

January 2012

Risk Assessment Form

s  Please see Guidance Notes for completing the risk assessment form at the end of this document.

Researcher’s name: Shirley Simmonds

Part 1 - Dissertation/project activities

What do you intend to do? (Please provide a brief description of your project and details of your
proposed methods.)

Secondary analysis of Cohort Study and Hospital Episode Statistics data

Will this involve collection of information from other people? (In the case of projects involving
fieldwork, please provide a description of your proposed sample/case study site.)

No

If relevant, what location/s is/are involved?

nfa

Will you be working alone or with others?

Alone

Part 2 - Potential safety issues / risk assessment.

Potential safety issues arising from proposed activity?

Usual issues relating to spending long amounts of time sitting at one’s desk/working with a computer

Person/s likely to be affected?

Self

Likelihood of risk?
Low
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Part 3 - Precautions / risk reduction

Existing precauticns:

Properly adjusted equipment

Proposed risk reduction strategies if existing precautions are not adequate:

n/a

CONTINUED BELOW ...
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Part 4 - International Travel

If you intend to travel overseas to carry out fieldwork then you must carry out a risk assessment for
each trip you make and attach a copy of the International Travel form to this document

Downlead the Risk Assessment for International Travel Form

Guidelines on risk assessment for international travel at can be located at:
www.southampton.ac.uk/socscinet/safety (“risk assessment” section).

Before undertaking international travel and overseas visits all students must:

e Ensure arisk assessment has been undertaken for all journeys including to conferences and
visits to other Universities and organisations. This is University policy and is not opticnal.

e Consult the University Finance /Insurance website for information on travel and insurance.
Ensure that you take a copy of the University travel insurance information with you and know
what to do if you should need medical assistance.

e Obtain from Occupational Health Service advice on any medical requirements for travel to areas
to be visited.

e Ensure next of kin are aware of itinerary, contact persen and telephene number at the
University.

e Where possible arrange to be met by your hest on arrival.

If you are unsure if you are covered by the University insurance scheme for the trip you are undertaking
and for the country/countries you intend visiting, then you should contact the University's Insurance
Office at insure@soton.ac.uk and check the Foreign and Commonwealth Office website.

Risk Assessment Form for YES / NO (Delete as applicable)

International Travel attached
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Guidance Notes for completing the risk assessment form

The purpocse of assessing risks is to ensure everyone works safely. To carry out a Risk Assessment, ask yourself:

. How can the activity cause harm?
. Is it safe to carry out this activity without additicnal pretection/support?
. If sameone else is going te do the wark, can they do it safely?

Activity
Give a brief cutline of the activity/project including the methods te be used and the people to be involved

. Think about everything you are geing te do, from start to finish.

. Ensure that yeu complete the assessment before you commence any work. If you are unsure if your proposed
work carries any risk, go ahead and complete the ferm as the process could highlight some issues which
otherwise may not have been aware of.

Potential Safety Issues

= Only list those hazards that you could reascnably expect to cause significant harm er injury.

» Talk to people whe have experience of the activity.

»  Will the activity invelve lone working er potential exposure te violence? Fer more guidance see the Social
Research Association website at www.the-sra.org.uk under Staying Safe.

. Are there any significant hazards due to where the work is to be done?

Who might be affected?

. List anyone who might be affected by the hazards.

. Remember te include yourself, co-workers, your participants and cthers working in or passing through the area
of activity.

s Those more vulnerable or less experienced should be highlighted as they will be more at risk (e.g. children,
disabled pecple or those with medical conditions, pecple unfamiliar with the area of activity).

Precautions /Risk Reduction

List the contrel measures already in place for each of the significant hazards.

Is the hazard dealt with by the School Health & Safety Pelicy, or a generic safety method statement?.
Appropriate training is a contrel measure and should be listed.

Is the risk a low as is reascnably practical?

List any additional control measures/risk reduction strategies for each significant hazard (e.g. practical
measures, training, impreved supervision).

Risk Evaluation

s With all the existing contrel measures in place do any of the significant hazards still have a potential to cause
significant harm? Rank as Low, Medium or High.

Remember

. Risk Assessments need to be suitable and sufficient, not perfect.
=  Are the precautions reasonable?
. Is there something to show that a proper check was made?

This information is based on “An Introducticn to Risk Assessment” produced by the Safety Office and the Training &
Development Unit of the University of Socuthampten.
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Appendix E Combined regression model using the most
influential participant characteristics (4 levels to show

day cases)

This appendix follows the same format at Table 24; the final model in the multinomial paper. In
this case the ordinal variable divides the cohort into four groups: those who survived with no
admissions (treated as the reference group); those who survived with only elective day case
admissions; those who survived with overnight elective but no emergency admissions; and those
who ever had an emergency admission or died. Thus for each predictor variable, the table

presents three estimates of risk, relative to the non-admitted reference group.
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Table E Combined regression model using the most influential participant characteristics

(4 levels to show day cases)

Association between each
characteristic and the admission
history variable* (footnotes overleaf)

Men

Women

RRR (95% CI)

P-value

RRR (95% CI)

P-value

Age**

Height**

Weight for height residual**

Ever smoked*

Activity score**

Housing tenure (Not homeowner)*

Hypertension*

Low physical function SF36* **

Diabetes*

Self-rated health ***

Bronchitis*

Number of systems medicated

Pseudo R2

0.99 (0.85,1.16)
0.94 (0.80,1.10)
0.96 (0.84,1.10)

0.93(0.80,1.09)
0.98 (0.83,1.15)
1.02 (0.89,1.17)

0.83(0.71,0.98)
0.95(0.80,1.12)
0.90 (0.78,1.03)

0.92 (0.67,1.28)
1.15(0.82,1.62)
1.41(1.06,1.88)

0.94 (0.80,1.11)
1.01 (0.85,1.20)
1.01 (0.88,1.17)

1.28 (0.84,1.96)
0.64 (0.39,1.05)
1.33(0.93,1.91)

0.85 (0.59,1.22)
1.02 (0.71,1.48)
1.09 (0.80,1.48)

0.99 (0.59,1.65)
1.30 (0.79,2.15)
1.67 (1.11,2.52)

1.15 (0.71,1.87)
0.89 (0.54,1.47)
1.01 (0.67,1.53)

1.07 (0.88,1.30)
1.20 (0.98,1.48)
1.30 (1.09,1.54)

0.81(0.37,1.79)
0.69 (0.30,1.61)
1.53 (0.84,2.80)

1.26 (1.05,1.51)
1.33(1.10,1.60)
1.48(1.26,1.73)

0.0399

0.924
0.442
0.580

0.386
0.823
0.784

0.029
0.532
0.128

0.632
0.411
0.019

0.449
0.904
0.869

0.243
0.079
0.122

0.369
0.906
0.601

0.956
0.302
0.014

0.563
0.649
0.956

0.515
0.083
0.003

0.599
0.393
0.167

0.015
0.003
<0.001

0.97 (0.83,1.13)
0.85 (0.72,1.00)
0.98 (0.85,1.13)

1.07 (0.91,1.24)
1.14 (0.96,1.34)
1.16 (1.00,1.34)

1.06 (0.89,1.25)
1.15(0.96,1.38)
1.06 (0.90,1.24)

1.16 (0.84,1.60)
1.15(0.82,1.62)
1.43(1.06,1.93)

1.03 (0.87,1.22)
0.98 (0.82,1.17)
1.11 (0.94,1.30)

1.19 (0.79,1.78)
0.98 (0.64,1.52)
1.43 (0.99,2.07)

0.94 (0.66,1.35)
1.09 (0.75,1.59)
1.04 (0.74,1.45)

1.26 (0.75,2.12)
2.37(1.43,3.91)
2.48 (1.58,3.88)

1.33(0.83,2.12)
0.80 (0.47,1.35)
1.05 (0.67,1.65)

1.35(1.10,1.65)
1.43 (1.15,1.78)
1.70 (1.40,2.06)

1.29 (0.52,3.21)
1.40 (0.57,3.47)
2.31(1.06,5.03)

1.21(1.04,1.40)
1.33(1.14,1.54)
1.38(1.21,1.58)

0.0628

0.682
0.048
0.770

0.429
0.130
0.048

0.522
0.125
0.488

0.371
0.421
0.019

0.755
0.802
0.211

0.413
0.941
0.059

0.752
0.643
0.826

0.389
0.001
<0.001

0.234
0.403
0.817

0.005
0.001
<0.001

0.577
0.461
0.035

0.011
<0.001
<0.001
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Footnotes:
*Estimates of associations are relative risk ratios (95% Cl) from multinomial logistic regression

models where the outcome was the variable representing admission history. All predictors were
included simultaneously in this mutually adjusted model.
...continued

... footnotes (continued)
* Relative risk ratio for the presence vs absence of the characteristic

** Relative risk ratio per sex-specific SD increase in characteristic (estimates for activity score correspond to
SD decreases). Relative risk ratio per unit increase in number of systems medicated is shown.

***Relative risk ratio per lower band of characteristic

+++Sex-specific score of <75M, <=60F on SF-36 PF domain (lowest sex-specific fifth of distribution)

Admission history variable has the following categories: no admissions, alive (reference group); day electives,
no overnight or emergency admissions, alive ; overnight electives, no emergencies, alive; ever emergency,

dead

First relative risk ratio: relative risk of being in (day electives, no overnight or emergencies, alive) v
(reference group)

Second relative risk ratio: relative risk of being in (overnight electives, no emergencies, alive) v
(reference group)

Third relative risk ratio: relative risk of being in (ever emergency, dead) v (reference group)*
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Appendix F Summary of relationships at each stage of

the modelling process for all admission types, by sex

This appendix summarises the relationships identified by Chapters 5-7. The information presented
by Tables 25 and 26 is extended, to show all four stages of the modelling process by sex using
colour-coded circles. Associations with readmission (from Chapter 5) are shown by black circles;
those with emergency admission (from Chapter 6) by grey diamonds; and with elective admission
(from Chapter 7) by filled grey squares. In addition, associations identified by a subgroup analysis
of people who only ever had elective day case admissions (Appendix E) are shown by open grey

squares. For each stage of the regression modelling process, sex-specific findings are presented.
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Table F Summary of significant relationships at each stage of the model for all admission types, by sex

Predictor variables Stage 1* Stage 2* Stage 3* Final model*
Men Women Men Women Men Women Men Women

Demography/anthropometry

Age ° 2 4 2
Height
Weight o ¢ Adjusted for
Weight for height residual ®
BMI o ¢
Lifestyle
Smoking history o ¢ o ¢ o ¢ o ¢ o ¢ L 2
Alcohol intake Adjusted for
Activity score o ¢ o ¢ o ¢ o ¢
Social circumstances
Social class
Relationship status Adjusted for
Home ownership L 2 o ¢ [ R 4 o

Continued...
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Table F Summary of significant relationships at each stage for all admission type, by sex (continued):

Predictor variables Stage 1* Stage 2* Stage 3* Stage 4*
Men Women Men Women Men Women Men Women

Physical function

Grip strength ° o ¢
Physical function Not modelled Not modelled ° ¢ ° ¢ ¢ ¢
Walking speed o ¢ [ R 4 °
Fall history
Morbidity
Ischaemic heart disease o ¢ 4 4
Stroke o ¢
Hypertension [ IR 2 o ¢
Diabetes L 4
Fracture history L L
Osteoarthritis (hand) Not modelled Not modelled
Self-rated health o ¢ o ¢ o ¢ L IR 2
Depression ® ®
Anxiety ®
Bronchitis L 4 o ¢
Medication o ¢ o ¢ o ¢ °
® readmissions model; € emergency admissions model; @ elective only group in mutinomial model; [ elective day case only group in mutinomial model

*Model stages: 1: Demo & anthro/Lifestyle/Social circs (univariate association); 2: Demo & anthro/Lifestyle/Social circs (adjusted for age and variables p<0.05 at
stage 1); 3: Physical function/Morbidity (adjusted for age and variables p<0.05 at stage 2); 4: Final mutually adjusted model
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Appendix G Mutually adjusted models among survivors

This three-part appendix presents a reanalysis of each of the final models, limiting the study
sample to those who survived the follow-up period. Where these tables differ from the final
models, associations can be considered to have been driven, in part, by those who died. This
possibility is discussed in Section 8.5.2, in the context of the strengths and limitations of the

methods adopted by this research. The three tables presented are as follow:
G(i) Risk of 30-day readmission among cohort survivors
G(ii) Risk of emergency admission among cohort survivors

G(iii) Risk of three-category admission history outcome among cohort survivors
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Table G(i) Combined regression model using the most influential participant characteristics to predict risk of 30-day readmission among cohort survivors

Association between each characteristic and the risk
of readmission within 30 days*

Men

Women

Relative risk (95% Cl) P-value Relative risk (95% Cl) P-value
Age** 1.03 (0.93,1.15) 0.539 1.02 (0.90,1.15) 0.772
Ever smoked* 1.00 (0.79,1.27) 0.971 1.07 (0.83,1.37) 0.606
Activity score** 1.01 (0.91,1.12) 0.852 1.09 (0.95,1.24) 0.201
Housing tenure (not homeowner)* 0.89 (0.68,1.17) 0.422 1.31 (1.00,1.72) 0.049
Low physical function SF36* ™ 1.18 (0.90,1.56) 0.235 1.04 (0.75,1.46) 0.795
Walking speed (self-reported)*** 1.08 (0.96,1.22) 0.212 1.05 (0.91,1.23) 0.493
Ischaemic heart disease* 1.11 (0.84,1.47) 0.468 0.85 (0.59,1.21) 0.366
Hypertension* 1.14 (0.90,1.44) 0.276 1.00 (0.77,1.31) 0.980
Fracture since 45yrs age* 1.36 (1.02,1.80) 0.034 0.93 (0.68,1.28) 0.667
Self-rated health *** 1.24 (1.09,1.42) 0.001 1.52 (1.27,1.82) <0.001
Bronchitis* 0.99 (0.64,1.53) 0.970 1.15 (0.72,1.85) 0.565
Number of systems medicated ™" 1.11 (1.01,1.22) 0.033 1.18 (1.09,1.29) <0.001
Pseudo R2 0.0285 0.0747
Footnotes:

+  Estimates of associations are relative risks (95% Cl) from Poisson regression models where the outcome variable is whether or not the participant had a readmission within 30 days during

the follow-up period. All predictors were included simultaneously in this mutually adjusted model.

*  Relative risk for presence vs absence

+  Relative risk per unit increase
k%

Relative risk per sex-specific SD increase (estimates for activity score represent SD decreases)

***Relative risk per band decrease (ie slower walking speed and poorer self-rated health).
++ Sex-specific score of <75M, <60F on SF-36 PF domain (lowest sex-specific fifth of distribution)
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Table G (ii) Combined regression model using the most influential participant characteristics to predict risk of emergency admission among cohort survivors

Association between each characteristic and the risk Men Women

of emergency admission® Hazard ratio (95% Cl) P-value Hazard ratio (95% Cl) P-value
Age (yrs)* 1.07 (0.99,1.15) 0.084 1.08 (0.99,1.17) 0.067
Ever smoked 1.13 (0.94,1.35) 0.185 1.18 (0.99,1.40) 0.059
Activity score* 1.00 (0.94,1.08) 0.892 1.13 (1.03,1.24) 0.011
Housing tenure (not_homeowner) 1.20 (1.02,1.41) 0.026 1.13 (0.94,1.35) 0.194
Low physical function SF36*** 1.35 (1.13,1.63) 0.001 1.21 (0.98,1.50) 0.083
Ischaemic heart disease 1.30 (1.08,1.57) 0.006 0.98 (0.78,1.25) 0.900
Hypertension 1.16 (1.00,1.36) 0.056 1.11 (0.92,1.34) 0.281
Diabetes 1.07 (0.87,1.31) 0.528 0.91 (0.73,1.14) 0.422
Self-rated health** 1.11 (1.01,1.21) 0.028 1.29 (1.15,1.46) 0.000
Bronchitis 1.19 (0.96,1.49) 0.115 1.03 (0.75,1.40) 0.872
Number of systems medicated*** 1.10 (1.03,1.18) 0.006 1.09 (1.02,1.16) 0.013
Pseudo R2 0.01337819 0.01899098

Footnotes:

+  Estimates of associations are hazard ratios (95% Cl) from PWP-TT models where the failure event is an emergency admission. All predictors were included simultaneously in this mutually
adjusted model.

* Hazard ratio per sex-specific SD increase (estimates for activity score correspond to SD decreases)

** Hazard ratio per lower band of characteristic

*** Hazard ratio per unit increase. For the remaining estimates, hazard ratios for the presence vs absence of the characteristic are given

++ Sex-specific score of <75M, <60F on SF-36 PF domain (lowest sex-specific fifth of distribution)
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Table G (iii) Combined regression model using the most influential participant characteristics

to predict risk during follow-up of three outcomes among survivors

Association between each
characteristic and the admission
history variable

Men

Women

RRR (95% Cl) P-value RRR (95% Cl) P-value
Age (yrs)** 0.97 (0.84,1.11) 0.611 0.91 (0.79,1.04) 0.150
0.94 (0.81,1.09) 0.439 0.95 (0.81,1.10) 0.476
Height (cm)** 0.95 (0.83,1.09) 0.448 1.10 (0.96,1.25) 0.174
1.08 (0.93,1.25) 0.303 1.19(1.02,1.39) 0.028
Weight for height residual** 0.88 (0.76,1.01) 0.074 1.10(0.95,1.28) 0.197
0.93 (0.80,1.08) 0.356 1.07 (0.90,1.27) 0.423
Ever smoked* 1.00 (0.76,1.33) 0.979 1.16 (0.88,1.54) 0.287
1.15(0.85,1.56) 0.376 1.36 (0.99,1.87) 0.056
Activity score** 0.98 (0.85,1.12) 0.733 1.01(0.87,1.18) 0.877
0.99 (0.85,1.15) 0.857 1.14 (0.96,1.35) 0.134
Housing tenure* 1.03 (0.70,1.50) 0.889 1.09 (0.76,1.56) 0.644
(not homeowner) 1.59 (1.08,2.33) 0.018 1.43 (0.97,2.10) 0.074
Relationship status 0.52 (0.30,0.90) 0.019 1.21 (0.66,2.21) 0.537
(never married)* 0.79 (0.46,1.35) 0.390 0.78 (0.38,1.63) 0.508
Hypertension* 0.92 (0.67,1.26) 0.595 1.01 (0.74,1.39) 0.929
1.19 (0.85,1.64) 0.309 1.02 (0.72,1.45) 0.897
Low physical function SF36* *** 1.14 (0.74,1.75) 0.555 1.75(1.12,2.73) 0.014
1.51(0.98,2.32) 0.063 2.29 (1.43,3.65) 0.001
Diabetes* 1.04 (0.68,1.58) 0.862 1.04 (0.68,1.58) 0.868
1.00 (0.64,1.54) 0.984 0.99 (0.62,1.58) 0.959
Self-rated health *** 1.15(0.97,1.37) 0.111 1.39(1.16,1.66) <0.001
1.30(1.08,1.57) 0.005 1.73 (1.41,2.13) <0.001
Bronchitis* 0.75 (0.38,1.49) 0.417 1.34 (0.61,2.96) 0.469
1.57 (0.83,2.97) 0.163 2.10(0.93,4.72) 0.073
Number of systems medicated 1.28 (1.09,1.51) 0.002 1.27 (1.11,1.44) <0.001
1.43(1.21,1.69) <0.001 1.41 (1.23,1.62) <0.001
Pseudo R2 0.0375 0.0692
Footnotes:

+

Estimates of associations are relative risk ratios (95% Cl) from multinomial logistic regression models

where the outcome was the variable representing admission history. All predictors were included
simultaneously in this mutually adjusted model

* Relative risk ratio for the presence vs absence of the characteristic
** Relative risk ratio per sex-specific SD increase in characteristic (estimates for activity score

correspond to SD decreases). Relative risk ratio per unit increase in number of systems medicated is

shown.

***Relative risk ratio per lower band of characteristic
*** Sex-specific score of <75 (Men), <60 (Women) on SF-36 PF domain (lowest sex-specific fifth of

distribution)

Admission history variable has the following categories: no admissions (reference group); only electives;

ever emergency

First relative risk ratio: risk of being in (only electives) v (reference group)
Second relative risk ratio: risk of being in (ever emergency) v (reference group)
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Appendix H Combined PWP regression model using the
most influential participant characteristics to predict the

risk of elective admission/death

This appendix applies the methodology of the emergency admissions paper to elective admissions
experienced by cohort members, for comparison with the findings for the ‘elective only’ group in
the multinomial paper. It is discussed in Section 8.5.3, in the context of the strengths and

limitations of the methods adopted.
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Table H Combined PWP regression model using the most influential participant characteristics to

predict the risk of elective admission or death

Association between each Men Women

characteristic and risk of elective

admission or death Hazard ratio p_value Hazard ratio p_value
(95% CI) (95% Cl)

Age (yrs)** 1.01(1.00,1.03) 0.103 1.02 (1.00,1.04) 0.044

Ever smoked* 1.12 (1.03,1.22) 0.009 1.15(1.05,1.26) 0.003

(
Activity score** 1.00 (1.00,1.00) 0.258 1.00 (1.00,1.00) 0.264
Home ownership (Notownedor 0/ \h 765930 0001 1.06(0.961.17)  0.252
mortgaged)*
Low physical function SF36* ** 1.07 (0.97,1.18) 0.160 1.08 (0.97,1.20) 0.153
Ischaemic heart disease* 1.10(1.00,1.21) 0.055 0.93(0.82,1.07) 0.310
Hypertension* 0.95 (0.87,1.04) 0.231 0.99 (0.90,1.09) 0.878
Diabetes 1.02 (0.92,1.12) 0.743 0.91 (0.81,1.02) 0.116
Self-rated health *** 0.93 (0.88,0.98) 0.010 0.89 (0.84,0.94) <0.001
Bronchitis* 0.90(0.78,1.04) 0.146 1.11(0.93,1.34) 0.251
Number of systems medicated** 1.09 (1.05,1.13) <0.001 1.08 (1.04,1.12) <0.001
Pseudo R2 0.00339965 0.00532961
Footnotes:

+ Estimates of associations are hazard ratios (95% Cl) from PWP-TT models where the failure event is an elective
admission/death. All predictors were included simultaneously in this mutually adjusted model.

* Hazard ratio for the presence vs absence of the characteristic

** Hazard ratio per unit increase in characteristic

*** Hazard ratio per higher band of characteristic

++ Sex-specific score of <75M, <=60F on SF-36 PF domain (lowest sex-specific fifth of distribution)
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