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Abstract 

This study investigates the relationship between mortality and a number of factors 
drawn from existing administrative databases including gender, housing tenure, council 
tax bands (a proxy of wealth) and three popular causes of hospital admission (falls, 
strokes and ischemic-heart disease) for Camden residents aged 50 years and older. The 
study also includes an assessment of information on social service contact in order to 
identify the potential and/or the effectiveness of service delivery. 

Existing data sources are merged using a relational database management systems 
approach. Risks of mortality are examined for different combinations of factors (Risk 
Ladders). The relative importance of risk factors are assessed by logistic regression and 
the model's ability to discriminate between 'those subjects who experience the 
outcome of interest versus those who do not', are also evaluated by use of Receiver 
Operating Characteristic (ROC) Curves. 

The risk of mortality is more likely to occur for people living in social housing and 
lower council tax bands (A-C) than private housing and higher tax bands (D-H) and for 
men rather than women. However, the effect of tenure varies for different age groups, 
gender and tax band. The risk of mortality significantly increases for those groups of 
individuals who had at least one hospital admission for any of the three causes during 
2002-04. Our results show the extent to which contact with social services is aligned 
with mortality risk among this age group with consequent implications for how social 
services are organised and delivered. 
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I 



1 Introduction and background 

1.1 Introduction 

Health is defined in the World Health Organization (WHO) constitution of 1948 as: a 

state of complete physical, social and mental well-being, and not merely the absence of 

disease or infirmity (WHO, 1998). Robertson & M inkIer (1994) take a broader 

definition and define health as: "a complete state of physical, mental and social well 

being and not merely the absence of disease, and focused on the social, political and 

economic determinants of health not amenable to improvement by medical care". This 

broader definition of health is an alternative to medicalized notion of health as it 

focuses on individual lifestyles (Oliver & Peersman, 2001). 

Acheson (1998) in his report of 'independent inquiry into inequalities in health' states: 

"Inequalities in health exist, whether measured in terms of mortality, life expectancy or 

health status; whether categorised by socioeconomic measures or by ethnic group or 

gender". Factors related to the socio-economic status of individuals always have been a 

central issue in the debate on social determinants of health. Indeed as Krieger (2001) 

suggests" ... poverty has a direct effect on mortality rates. In general, people of higher 

socioeconomic position (SEP) ... enjoy better health. SEP is thought to affect health 

through a multileveled set of mechanisms". 

In the UK, heart disease and stroke are two of the top three most likely causes of death 

(Philp, 2004), which also mirrors the situation in the USA (American Heart 

Association's Heart Disease and Stroke Statistics, 2004). In addition, in the UK falls 

and fractures are also common causes of death (Phi lp, 2004). It is also important to 

note that people that belong to a lower socioeconomic status have higher mortality, 

morbidity, and risk factor levels for heart disease and stroke than persons of higher 

socioeconomic status (Centre for Disease Control and Prevention, 1999). 

In order to address these issues the Health Act 1999 was implemented, which 

introduced partnerships to improve local services at the intersection of health and local 

services. The 2001 National Service Framework (NSF) in England established national 
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standards and a nat ional program of reform fo r older people's services. NSF Standard-8 

is defined as: "the hea lth and well -being of older people is promoted through a co

ordinated programme of action led by the NH S with support from the council s' 

(Department of Hea lth, 200 I). It emphasised that: "The aim of the integrated strategies 

for older people has been declared as promotion of good hea lth and quality of life, and 

prevention or delay of frailty and disability which can have significant benefits for the 

individual and society" (Department of Hea lth, 200 I). 

This research project conducted in the context of this policy setting aims to enhance 

Camden Primary Care Trust's strategy to specifica lly characterize the needs of the 

older people in response to NSF Standard 8. Cam den is one of the most appropriate 

boroughs in London to undertake such research, as it is an inner city borough with a 

large population over 50 years old, with a wide range of socio-economic groups and 

variety of ethnicities. Figure 1.1 bellow illustrates map of greater London with 

borough's boundary and Figure 1.2 shows London Borough of Camden with electoral 

wards boundary. 

Figure 1.1 Map of London boroughs 
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Figure 1.2 London Borough of Cam den, Electoral ward boundaries 

m cs 

N 

+ 

c:::J Camden PCT boundary 
_ Electoral ward 

- MaJor road 
• Underground station 
• National rai l stati on 

In Camden tackling hea lth inequalities is a key loca l objective, and the 200 I Annual 

Public Hea lth Report prepared by Camden and Islington Health Authority (200 I), 

provided a detailed examinat ion of the key adverse social, economic, environmental 

and lifestyle factors which dri ve loca l patterns of ill-health. The findings of the current 

research will help the Trust identi fy where to target future services to meet its priorities 

for older citizens. 

The specific aims of this research are to examine the patterns of mortality among 

'Older People' in the Borough of Camden for 2002-04, in order to target population 

disease prevention and hea lth promotion interventions. 

Furthermore, the research will examine the relationship between mortality rate and a 

number of explanatory factors (potential risk facto rs) drawn from existing databases in 

the London Borough of Camden. These factors include; age, gender, hou ing tenure, 

council tax banding (a proxy of wea lth) and three popular causes of hospital admis ion 
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(including falls, ischemic-heart disease and strokes). The study will also examine the 

relationship between someone already being known to 'social services' and the above 

potential risk factors in order to assess the appropriateness of the targeted population 

for service delivery. 

Existing data sources are merged using a Database Management Systems (DBMS) 

approach. 'Risk Ladder' methodology is then used to estimate the risk of mortality. 

The relative importance of the risk factors are assessed by logistic regression and 

evaluated by Receiver Operating Characteristic (ROC) Curves. 

Linkage of individual level data from different sources was considered to be ethical 

under an intellectual property rights agreement between Camden PCT, City University 

and myself as the researcher from the outset of the project. Because all of the data 

linkage at individual level was carried out at Camden PCT site, the risk of breaches of 

confidentiality were consequently minimised. 

The thesis chapters are organised as follows: Chapter 1 provides an introduction to the 

study and the background of the research. It also includes a literature review on the 

wider determinants of health and develops the local and national policy context. 

Chapter 2 provides an overview of definitions and terminologies related to risk and its 

prediction. Chapter 2 also discusses a number of methodological issues and their _ 

definition. Chapter 3 covers the process of data management including data cleaning, 

data integration, and variable creation for the purpose of analysis. Chapters 4, 5, 6 and 

7 will focus specifically on data analysis. Chapter 4 concentrates on the risk ladder 

approach and the observed risk of mortality for different groups of people with similar 

characteristics will be estimated. Chapter 4 will also include the mapping of observed 

risk based on analysis presented in the first part of the Chapter. The relative importance 

of risk factors will be assessed using logistic regression in Chapter 5 and its results will 

be evaluated in Chapter 6. Chapter 7 discusses 'policy implications' and finally 

Chapter 8 will provide discussion, conclusions and recommendations for future work. 
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1.2 Background 

Inequalities in health and their relationship to poverty have been a well known theme 

among public health researchers for centuries. The French physician Louis Rene 

Villerme as early as 1826, proved that poorer neighbourhoods in Paris had higher 

mortality rates. Edgar Sydenstricker, an American epidemiologist in the 1930s, 

showed how the Depression impacted upon people's health (Krieger, 2000). Drever 

& Whitehead (1997), also in relation to the record of health inequalities, state "There 

is relatively firm evidence of substantial social inequalities in mortality in 17th 

century Geneva, and other parts of Europe and Britain in the 18th century. 

Throughout the 19th and 20th centuries evidence has continued to emerge of 

differentials in health between different population groups". 

An example of health inequalities in UK in 19th century is illustrated in Table 1.1. 

The longevity of families l by class and area of residence between 1838 and 1841 is 

shown in Tablel.1. 

Tablel.1 Longevity of families, by class and area of residence, 1838-41 

Gentry and Farmers and Labourers and 
District professional trade8l1len artisans 

Rural 
Rutland 52 41 38 

Urban 
Bath 55 37 25 
Leeds 44 27 19 
Bethnal Green 45 26 16 
Manohester 38 20 17 
Liverpool 35 22 15 

Source: Drever and Whitehead (1997) adapted from Lancet 1843, Office for National 

Statistics 

The above table not only shows much higher mortality in urban area than rural 

districts, but also illustrates the huge gap in average age of mortality between 

1 Longevity of families (assumed) = Average life of family members 
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different socio-economic groups of people. The gap between Gentry and Labourers 

in Bath is 30 years and the average mortality age of 15 for labourers in Liverpool is 

extreme. Comparing the longevity of families of labourers in Liverpool and Gentry 

in Bath shows the longevity of families for the latter group to be nearly 4 times 

longer than for the former. 

Drever & Whitehead (1997) claim, in relation to the recent context of influence of 

socio-economic status on health, that "Health in the late 20th century is still greatly 

influenced by the prevailing social and economic conditions, and there remain large 

differentials in the health of different groups of the population". Graham (2001) also 

highlights that the long tradition of health inequalities research in the UK makes it 

well placed to unravel the links between inequalities generally and health inequalities 

in particular. 

Promotion of health and prevention of ill health has become a key theme in social 

and national policy across health and social care for older people in recent years. It 

has been the central issue in many policy debates related to the public health, 

including: the white paper 'Caring for People' (Department of Health, 1989), 'Better 

Services for Vulnerable People' (Department of Health, 1997), 'Modernising Health 

and Social Services' (Department of Health, 1998), the white paper 'Saving lives: 

Our Healthier Nation' (Department of Health, 1999), the Cabinet Office initiative on 

'Better Government for Older People' (Report of the Steering Committee of the 

Better Government for Older People Programme, 2000) and 'National Service 

Framework (NSF) for older people' (Department of Health, 2001). 

The white paper 'Saving lives: Our Healthier Nation' (Department of Health, 1999) 

and the Cabinet Office initiative on 'Better Government for Older People' (Report of 

the Steering Committee of the Better Government for Older People Programme, 

2000) are identified by Godfrey (2001) as two important policy strands that have 

relevance to how prevention is conceptualised in official discourse by focusing on 

reducing health inequalities. Godfrey states that: "In addition to the long standing 

public health concern with individuals assuming responsibility for their own health, 

including changing their lifestyle to reduce risk of chronic illness and disease, there 

was a new emphasis on government action to improve living conditions and secure 
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healthier living". In the white paper of Department of Health (1999) it has been 

suggested that: " .. .there are powerful factors beyond the control of the individual 

which can harm health. The Government has a clear responsibility to address these 

problems. Striking a new balance - a third way - linking individual and wider action 

is at the heart of our new approach". Godfrey (2001), in reference to health 

promotion within the above framework, states: " ... health promotion is conceived of 

as part of a wider strategy to reduce social and economic inequalities that impact on 

illness and disability". 

In the following section,Iwill review some of the most recent research and literature 

to examine the relationship between health and some of the major risk and protective 

factors. FirstIwill have a quick look at the major influences on health and a more 

detailed review of the social determinants of health. 
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1.3 Determinants of health 

1.3.1 Major influences on health 

Drever and Whitehead (1997) highlight that socia l and environmental issues have an 

influence on any population's health and well-being. They of course indicate that a 

number of factors are fixed such as gender, genetic make up and age but that there 

are also external infl uences on hea lth, community li ving, working conditions and 

environmental factors. Figure 1.3 illustrates the many determinants of hea lth 

introduced by Dahlgren & Whi tehead, 199 .1 . The key aspect of Dahlgren and 

Whitehead's model of hea lth is that all of these factors interre late to form a very 

complex relationship. In short, these factors do not exist in isolation. 

Figure 1.3 the main determ inants of health 

Source: Drever & Whitehead (1997) adapted from Dahlgren & Whi tehead, 199 1 

While the Dahlgren & Whitehead model of health determ inants foc us on a wide 

range of health determinants including genera l, cultural or environmenta l factors, the 
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particular area of interest for this research lies in the social determinants of health. In 

Dahlgren & Whitehead's model social determinants include factors such as housing, 

employment, care and services etc. The social determinants of health are represented 

on the second outer ring on the model illustrated in Figure 1.3. 

1.3.2 Social determinants of health 

The relationship between poor health and low socioeconomic position in Britain is 

well recognised but its origins are complex. Lower socioeconomic groups are seen to 

have a greater incidence of health disorders such as heart disease, stroke, and some 

cancers in adults. Risk factors including smoking, physical inactivity, obesity, 

hypertension, and poor diet are also clustered in the lower socioeconomic groups 

(James et aI., 1997). 

It is difficult to separate out and to assess the importance of impact of each socio

economic factor on health individually as most of the factors interrelate with each 

other. For example poverty, income, social class, education and tenure are all 

correlated. In the following sub-sections, firstIwill have a quick review of some of 

the well recognised socio-economic factors, and then discuss spatial inequalities in 

health. 

1.3.2.1 Socio-Economic Position, Poverty, Income and Employment Status 

A widespread body of literature verifies higher mortality rates among people of 

lower socio-economic status (SES). The general pattern of better health among those 

of higher socio-economic position (SEP) is found regardless of the time period or 

population studied (Buchanan, 2003). The pattern persists at all levels, such that 

those of even relatively high SEP die at younger ages than those at the highest levels 

(Marmot et aI., 1997). 

In the USA the interrelationship between SES and health and subsequently mortality 

has been observed many times in health research. Death rates for poor groups of 

people is generally two to three times higher than the death rates for rich ones 

(Auerbach & Krimgold, 2001). In the 1980s, white men in the USA with a family 
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income lower than $10.000 had a 6.6 years lower life expectancy than those with an 

income higher than $25.000 (Smith, 1999). 

Bowling (2004) and Mackenbach et al. (1997) also state that people in lower 

socioeconomic status groups experience poorer health and live shorter lives than 

those in higher status groups. "It has been consistently found that among adult 

populations, mortality at the lower end of the socioeconomic scale is higher than 

mortality at the higher end. Also among elderly populations, socioeconomic mortality 

inequalities are found" (Huisman et aI., 2004). They argue these inequalities often 

decrease with increasing age. Research by Mackenbach et al. (1997) also shows that 

in all Western European countries the risks of morbidity and mortality were higher in 

the lower socioeconomic groups. 

Subject to the relationship between age and income and their combined effect on 

mortality, Wolfson et al. (1993) cited by Gardner & Oswald (2004), analysed nearly 

550,000 administrative records from the Canadian Pension Plan in a longitudinal 

analysis of male mortality after the age 65. They found that higher earnings in late 

middle age (age 45-64) were associated with significantly lower mortality at older 

ages (65-74)". The effect of constant low income on mortality was assessed by 

McDonough et al. (1997). They found that persistent low income was a good 

predictor of early mortality. 

In relation to the effect of employment status on mortality; Iversen et al. (1987), 

Moser et at. (1984), Morris et at. (1994), Martikainen and Valkonen (1996) and 

Gardner & Oswald (2004) all demonstrate that individuals who experience 

unemployment are more likely to experience reduced longevity than comparable 

individuals who are continuously employed. 

1.3.2.2 Social Class 

The relationship between health inequality and social class has been examined in 

many studies. For example, in the study of the 'magnitude of social inequalities in 

Coronary Heart Disease' (CHD) by Marmot (1998), this relationship was described 
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as, "Among men, death rates from CHD are about 40 percent higher among manual 

workers than among non-manual workers; the death rate for wives of manual 

workers is about twice the rate of wives of non-manual workers". 

White et al. (2006) provide evidence for the UK that men in semi-skilled and 

unskilled social classes (Social Classes IV and V combined) had odds of death 1.54 

times that of men in the professional classes. 

1.3.2.3 Relationship between Income and Education with Lifestyle 

A report by Washington State Department of Health (2002a) shows that Washington 

residents with lower incomes are more likely to smoke and also that women with 

lower incomes report more obesity compared with those people in higher income 

groups. Washington residents with lower levels of formal education report more 

smoking and obesity and lower consumption of fruit and vegetables than those with 

higher education. A similar study of Dutch men also shows the difference in life 

expectancy for Dutch men between the highest and lowest educational group is 4 

years (Hoffmann, 2005). 

1.3.2.4 Relationship between Socio-Economic Status and Ethnicity 

Inequalities in social position have a substantial impact on the health experience of 

ethnic minority groups in terms of socio-economic disadvantage and discrimination. 

Modood et al. (1997) claims that the measures of SES have been developed for the 

White population and explains, " ... ethnicity mediates access to the domains which 

these measures are designed to capture. For example, people from minority ethnic 

groups face higher rates of unemployment and of employment in low-skilled jobs 

than similarly qualified Whites". Graham (2001) also argues: " ... measures of SES 

may have a variable - rather than consistent - relationship to life chances and living 

standards in different ethnic groups". 
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1.3.2.5 Tenure 

Tenure has been considered as an important factor in determination of health for a 

long time. Chadwick (1842) states that in the nineteenth century: " ... public health 

practitioners and theorists regarded housing conditions as a major determinant of 

population health and of the differences in health between social groups". 

Much research has been conducted to examine the relationship between housing 

tenure and wealth. Tenure could be a good marker of income and socio-economic 

status which are difficult to measure with other methods. Macintyre et. al 2001 state 

that, "the frequent, but usually implicit, hypothesis underlying the use of housing 

tenure in planning and in social epidemiology is that it is simply a marker of income 

or social class, both of which are major determinants of health but are difficult to 

collect in surveys or are inappropriate for some groups" (Macintyre et aI., 2001; 

Macintyre et aI., 2001). Huisman et al (2004) used housing tenure and level of 

education as their indicators of SES for a target population of people aged 65 and 

over who were retired and occupation as a measure of SES for this group is less 

relevant. Dorling et al.(200 1) in their study of 'Housing wealth and community 

health' found out the owner-occupiers were, on aggregate, the tenure group with the 

greatest financial resources, in terms of both wealth and income. They also claim, in 

order to become owner-occupiers, and live in the types of areas where this tenure is 

concentrated, requires a certain level of capital and/or income. 

A report by the ONS (1998) based on the result of 1996 General Household Survey 

(cited in Graham (2001)) shows that education is increasingly determining access to 

employment and employment is in turn increasingly determining access to housing. 

The report emphasises, " ... since the 1970s, there has been a rapid rise in owner 

occupation and a sharp decline in the availability of social housing (homes to rent 

from local authorities and housing associations)". It also states, " ... the 

neighbourhoods in which tenants and owner occupier live, eight in ten heads of 

household are in paid employment; in the social housing sector, six in ten are 

economically inactive". 
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Macintyre et al. (2001) suggest that owner occupiers have significantly greater 

monthly household income adjusted for family size and are much less likely to 

receive all the household income from benefits. They also claim that owner occupiers 

were more than twice as likely as to be in paid employment than those renting and 

were more likely to be in non-manual occupations. Their findings also suggest that 

various socially desirable features of the home (such as the dwelling being a house 

rather than a flat, having more rooms, the presence of a garden and the main 

accommodation being on the ground floor rather than in the basement or above the 

fifth floor) are more commonly found in owner-occupied properties. Those renting 

accommodation in this study were found to be more likely to struggle with a range of 

stressors (with the exception of burglaries). 

The direct relationship between housing tenure and health has also been assessed in a 

number of research projects. Breeze et al. (2004) indicate "In Britain people in rented 

homes in old age-whether living independently or with relatives-were more likely to 

have poor health related quality of life than those in owner occupied homes". 

Macintyre et al. (2001) also argue that the owner-occupiers of all ages have lower 

risk of death and better health than people who rent their homes. Their justification 

for this claim is that the housing tenure is acting as a marker for social class or for 

income and wealth. 

A study based on the Office for National Statistics Longitudinal Study by Filakti and 

Fox (1995) shows between 1971 and 1981, age standardized mortality rates were 

around 25% higher for social tenants than for owner-occupiers. Moreover, although 

death rates have declined since that time, the decrease has been larger among owner

occupiers (Harding et aI., 1997). According to the study based on the 1991 UK 

census, housing tenure is associated with a range of health measures, including 

higher rates of long-term illness (Gould & Jones, 1996) and psychosocial problems 

(Lewis et aI., 2003) among social renters. 

White et al. (2006) claim male residents in social housing in 1991 had an odds of 

death 1.41 times that of men in owner occupation. "Both private rented and social 

housing tenures increased the risk of death compared to men in owner occupied 
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tenure ... social housing in particular tends to be associated with social disadvantage" 

(White et aI., 2006). 

However, there are some exceptions in the relationship between housing tenure and 

socio-economic status, suggesting that tenure cannot be used as a precise marker of 

socio-economic status and material resources. The studies by Danesh et al. (1999), 

McLoone and Ellaway (1999) and Macintyre et al. (2001) show 7% of the owner 

occupier were indeed in the lowest income and 13% in lowest social class groups, 

while 9% of the social renters were in the highest income and 15% of social renters 

in highest social class groups. 

1.3.3 Spatial inequalities 

Spatial inequalities in health or, in other words, the health gap, in Britain between 

those with poor health and the healthy is wider now than ever (DorIing, 1997a; Shaw 

et aI., 2000). A study conducted by Shaw et al. (1998) provides an example of spatial 

inequalities, with a concentration of premature deaths in areas of high deprivation. It 

states: "Poorer areas which had mortality rates 20 percent above the national average 

in the 1950s, like Oldham, Sal ford and Greenock, had mortality rates 30 percent 

above the national rate by the 1990s". 

Hattersley (1999) in study of mortality by social class uncovered similar spatial 

inequalities. "Between 1980 and 1992, the life expectancy has continued to rise for 

men and women in all socio-economic groups, but the differential has become more 

pronounced. Between 1972 and 1996, life expectancy for men in social class 

increased by 5.7 years: among men in social class 5, the gain was 1.7 years". 

Dorling et al. (2001; Dorling et aI., 2001) argue that spatial inequalities are very 

much consequence of 'social policy'. They clarify: "If fiscal policies continue to lead 

to increased income inequality, we can expect to see the spatial polarization of 

mortality continuing. Wealthy areas will get wealthier and healthier, and poor people 

(with poor health) will be left behind in those areas which are considered undesirable 

and where opportunities are sparse". 
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Another factor which influences the spatial inequalities is social capital. Social 

capital as Putnam (1995) states, refers to " ... connections among individuals, social 

networks and the norms of reciprocity and trustworthiness that arise from them". 

Low levels of social capital have been associated with higher mortality rates 

(Kawachi et aI., 1997). In areas with high income inequality, social trust is low, in 

part because, as Wilkinson (1999) notes, friendship and inequality are not 

compatible. Friendship includes the concepts of acceptance, appreciation, and 

reciprocity, while social hierarchy involves dominance and subordination, 

competition, and social comparison. In communities in which most people are social 

equals, levels of friendship and social trust and hence, social capital will be relatively 

high (Washington State Department of HeaIth, 2002a). 

So far some of the most influential socio-economic factors on health and their 

relationship with geography have been discussed. Given the continuing awareness of 

the relationship between the stated socio-economic factors and ill-health, the various 

relevant authorities have sought to improve the health through attempting to impact 

on these socio-economic factors. Thus, in the following sections the relevant policy 

context at national and local level will be reviewed. 

Dorling (1997b) argues that nationally, mortality rates are higher in the north and in 

urban areas. In 1990s, a person living in Glasgow was 66% more likely to die in any 

given year than someone living in the districts of rural Dorset and 31 % more likely 

than a resident of Bristol. While at the end of the 1960s the excess chance of dying in 

Glasgow, relative to rural Dorset and Bristol, was much lower, at 42% and 21 % 

respectively. 

In order to produce a fair measure of geographical inequality in mortality, Dorling 

(1997) included all parts of Britain by dividing the population into ten group of equal 

size (deciles). However, his analysis rested upon the population aged less than 65 

years old. Dorling (1997) states: " ... Historical records do not provide enough detail 

to look at variations in mortality over the age of 65". Table 1.2 adapted from Dorling 

(1997b) shows the age and sex standardised mortality ratio of the under-65 

popUlation of Britain living in each decile group of areas in 1950-53 and 1990-92. At 

the start of the 1950s people in the worst decile areas were 31 % more likely to die 
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than average. By the early 1990s that differential had grown to 42% (the largest 

divergence ever recorded). However, people living in the areas with least deaths were 

18% less likely to die than average in 1950-53. By 1990-92 this differential had 

grown to 24% less likelihood of death in that period (Dorling, 1997b). 

Table 1.2 Relationship between health inequalities and poverty adapted from 
Dorling (1997b) 

Standardised 
mortality ratio Current poverty indicator 

Health 1950- residents in households Children in households 65 with a long 

decile 53 1990-92 with no car with no work term illness 

Worst 131 142 40.8% 33.2% 9.7% 
2 118 121 31.4% 24.2% 8.4% 
3 112 111 30.8% 21.0% 8.0% 
4 107 105 26.2% 19.9% 8.3% 
5 103 99 23.1% 15.2% 6.9% 
6 99 94 22.3% 15.7% 6.4% 
7 93 91 19.7% 14.1% 6.0% 
8 89 86 17.0% 11.6% 5.6% 
9 86 80 13.0% 9.6% 4.9% 

Best 82 76 10.9% 7.9% 4.5% 
Britain 100 100 23.6% 17.4% 6.9% 

Curtis & Jones (1998) argue that health inequalities are influenced both by the 

characteristics of individuals, and the context or setting (landscape) in which they are 

situated. They also claim that there is theoretical and empirical evidence that health 

disadvantage may be experienced differently by socially disadvantaged individuals 

according to their geographical setting. 

Power (2000) also emphasizes that social exclusion is almost entirely an urban 

problem. She adds: "Council estates have become increasingly unpopular and 

stigmatised as they became tied to slum rehousing, then became housing of last resort 

for people who might otherwise become homeless". In the UK, in a descriptive sense 

a strong link is often made, between social housing and the notion of social 

exclusion. Ratcliff (1998) also confirms the relationship between social exclusion 

and social housing. From this perspective, poverty and disadvantaged places are 

implicated in social exclusion and therefore are clustered spatially. 
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Provided this evidence holds for an older population then those older people living in 

deprived areas are likely to be at greater disadvantage or risk of premature mortality 

than those living in more affluent areas. This will be typically the case in urban areas 

where older (more affluent) residents migrate out in retirement leaving the less 

advantaged remaining in the borough (London Borough of Camden, 2007a). 
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1.4 Policy context 

1.4.1 National context (Review of NSF) 

England is an ageing society. Since the early 1930s the number of people aged over 

65 has more than doubled and today a fifth of the population is over 60. Between 

1995 and 2025 the number of people over the age of 80 is set to increase by almost a 

half and the number of people over 90 will double (Department of Health, 2001). 

Figure lA illustrates the increase of the number of older people in England from 190 I 

to 1991. 

Figure lA 1I1ustration of increase of number of older people in England 

1901-1991 (Department of Health, 200 I) 
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The NHS spent around 40% of its budget - £ 10 billion - on people over the age of 65 

in 1998/99. In the same year social services spent nearly 50% of their budget on the 

over 65s, some £5.2 billion(Department of Health, 2001). In 2002-03 people aged 65 

and over accounted for approximately 47% of total expenditure, a group however, 

that comprises around 16% of the population (Department of Hea lth, 2006). Figure 

1.5 shows the hospital and community hea lth ervices gross current expenditure by 

age for 2002-03. 
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Older people tend to have a much greater need for health and socia l serv ices than the 

young, so the bulk of health and socia l care resources are directed at their needs. For 

example, a lmost two thirds of general and acute hospital beds are used by people 

over 65 (Cowan, 2003). 

Figure 1.5 Hospital and community health serv ices gross current expend iture by age 

(Department of Health, 2006) 
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The 200 I National Service Framework (NSF) for older people established national 

standards and a national programme of reform for older people ' s services. 

The NSF-200 I for o lder people emphas ises that in both socia l care and in health care 

there are many examples of excellent service provision for o lder people. It continues, 

"However, there have been reports of poor, unresponsive, insensitive, and in the 

worst cases, discriminatory, services. Instances of adverse discrimination have 

usua lly been inadvertent, a result of the surviva l of old systems and practices that 

have failed to keep pace with changing attitudes or advances in the capacity of 

professionals to intervene successfully. Health and socia l care staff have been at the 

forefront of efforts to secure a better deal for o lder people, but too often the 

structures and practices that they have had to work with have frustrated these efforts" 

(Department of Health, 200 I). 
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The NSF for older people set eight standards for the care of older people across 

health and social services and focuses on: rooting out age discrimination, providing 

person-centred care, promoting older people's health and independence and fitting 

services around people's needs (Department of Health, 2001). Appendix-A includes 

a summary of the eight standards ofNSF for older people. 

In Standard-8 of the NSF it has been highlighted that action can be taken by the NHS 

in partnership with local authorities to prevent or delay the onset of ill health and 

disability, to reduce the impact of illness and disability on health and well-being and 

to identify barriers to healthy living (for example cultural appropriateness of 

services).Box 1.1 contains Standard-8 ofNSF for older people. 

This thesis will explore the use of existing data in the inner London Borough of 

Camden, in order to examine the potential for the council and the PCT to make 

suitable policy interventions at a local level. 
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1.4.2 Local Context 

The fo llowing section provides a socio-econom ic picture of Camden including: 

Camden ' s popu lation structure and distributions of ethn icity, housing tenure, 

deprivation, morta lity and life expectancy. 

1.4.2.1 Camden's People 

The populat ion of Camden in mid-year 2003 were estimated at 2 10,700 peop le by the 

Office for Nationa l Statistics (Camden Primary Care Trust, 2005 ; Cowan, 2003). The 

population is comparatively young: 72% of the popu lation are under 45 years o ld, 

22% are aged 20-29 years (12% for England) and 10% over 65 years o ld ( 16% for 

England). Twenty seven percent of Camden ' s popu lation are from ethn ic minority 

communities (Camden Primary Care Trust, 2005). The structure of the popu lat ion in 

Camden, compared with UK, is ill ustrated by means of a ' popu lat ion pyramid' 

(Office fo r Nationa l Statistics, 2006b) in Figure 1.6. 

Figure 1.6 Popu lation pyramid for Camden ' s popu lation structure by 5 years age 

group, compared to the UK. 
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1.4.2.2 Ethnicity 

The Cam den Primary Care Trust (2005) annual report states: "Camden's population 

is culturally and ethnically diverse. Culture and ethnicity may affect health beliefs 

and behaviours, and can therefore be important influences on health and wellbeing". 

Based on the 2001 Census, 26.8% of the Camden's population is from black and 

minority ethnic (BME) groups. The largest BME groups in Camden are Bangladeshi 

(6.4%), Black African (6%) and Irish (4.6%). In fact, 8% of all Bangladeshi and 4% 

of all Irish people in London live in Camden. 

The report shows that some communities are concentrated in particular 

neighbourhoods. For example, Kings Cross has a high proportion of Bangladeshi 

people and Kilbum has a high proportion of Irish people (Camden Primary Care 

Trust, 2005). 

1.4.2.3 Housing in Cam den 

Based on data from the 2001 census there are 91,603 households in Camden. For 

England and Wales more than two-thirds of homes are owner occupied and 31% 

rented. Castlepoint has the highest percentage of owner occupancy at 88%, followed 

by Blaby on 87% and Fareham on 86%. In the London context, Camden's owner 

occupancy rate of 35% is just above the boroughs with the lowest level of owner 

occupancy like Tower Hamlets 28%, Southwark 30% and Hackney 31 % (Office for 

National Statistics, 2006c). 

In England 19% of households are rented from social landlords (a Council, Housing 

Association or Registered Social Landlord) and 12% rented from a private owner. In 

Camden these figure are respectively 37% and 28% (Office for National Statistics, 

2006a). 

Eleven percent of Camden's housing is regarded as unsuitable for human habitation 

compared with 7% for Greater London and 6% for England (Camden Primary Care 

Trust, 2004). Tablel.3 contains more detailed housing tenure information, extracted 

from the 2001 census. 
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Twenty nine percent of the Camden population is receiving housing benefit, while 

this figure for Greater London is 26% and for England is 15%. In Camden 22% of 

the population receive 'Housing Benefit' with 'Income Support' or 'Job Seeker 

Allowance' compared with 19% for Greater London and 11 % for England (Cam den 

Primary Care Trust, 2004). 

Table 1.3 The distribution of housing tenure in Cam den compared to England and 

Wales (Office for National Statistics, 2006b) 

Tenure Camden % England and Wales % 

Owner occupied 34.9 68.9 

Rented from Council 26.0 13.2 

Rented from Housing Association or 
11.4 6.0 

Registered Social Landlord 

Private rented or lived rent free 27.7 11.9 

1.4.2.4 Deprivation in Cam den 

The Index of Multiple Deprivation (IMD) 2004 provides an overall deprivation score 

for local authorities and smaller areas known as 'lower layer Super Output Areas' 

(Camden Primary Care Trust, 2005). Lower layer super output areas consist of 

approximately 1,500 residents (Office for National Statistics, 2006d). The index 

incorporates the following seven elements: income, employment, health and 

disability, education, skills and training, barriers to housing and services, living 

environment and Crime. 

According to the IMD, Camden is the 19th most deprived local authority of the 354 

in England. Within Camden, 84% of the 133 Super Output Areas (SOAs) are more 

deprived than the national average, and almost a quarter of SOAs are among the 10% 

that are the most deprived in the country (31 SOAs). None of Camden' s SOAs are in 

the least deprived 20% in England (Cam den Primary Care Trust, 2005). Figure 1.7 

illustrates the association between deprivation and life expectancy for men living in 

Camden. 
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Figure 1.7 The relationship between life expectancy and deprivation for males living 

in Camden wards 2000 (Camden and Is lington Health Authority, 200 I) 
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1.4.2.5 Mortality 

The mortality rate in Cam den is about 5% more than would be expected given the 

age and sex structure of the population. While in some wards (Kentish Town, 

Kilburn and St Pancras & Somers Town) the death rate is up to 30% more than 

expected, in some other wards (Belsize ward) it is 20% below expected death rate. 

The death from coronary heart disease accounts for nearly a fi fth ( 18%) of the tota I 

death in Camden and is 6% (in some wards up to 35%) more than expected. Death a 

a result of mental health is 21 % above the England rate and the deaths related to 

suicide or undetermined injury is 60% more than national average. The number of 

deaths caused by cancer is also 12% hi gher than expected (Camden Primary Care 

Trust, 2004). 
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1.4.2.6 Life expectancy in Cam den 

According to the report by London Health Observatory (LHO) based on data from 

Office for National Statistics in 1999-2003, life expectancy for men in Cam den is 

74.3 compared to 75.7 for Greater London and 76 years for England. However; the 

life expectancy for women in Camden is very similar to that for women in London as 

a whole as well as the national average for women. 

The figure for men is amongst the worst quintile (lowest fifth) of local authorities in 

the country. However, women in Camden only have a small difference in life 

expectancy compared to England (Camden Primary Care Trust, 2004). Table 1.4 

includes the life expectancy in Camden, London and England separately for men and 

women. 

Table 1.4 Life expectancy in Camden, London and England 

Life Expectancy 
Male Female 

Cam den 74.3 80.6 
Inner London 74.3 79.9 
Outer London 76.5 80.9 
London 75.7 80.6 
England 76.0 80.6 

Source: ONS and GLA Analyses by LHO . 

1.4.2.7 Inequalities in life expectancy in Camden 

For men there is more than 10 years difference in life expectancy between the best 

and worst ranking wards: in Kilburn it is 69.9 years (ranked 620th of the 624 

I: electoral wards in London) while in Belsize it is 80.2 years (ranked 30th in London). 

t I: I The pattern for female life expectancy within Camden is similar to that for men. For 

I' women, life expectancy is lowest in Kentish Town at 75.8 years (ranked 620th of I electoral wards in London) and highest in Prognal & Pitzjohns at 83 (ranked 94th), 
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Figure 1.8 illustrates the inequalities in life expectancy for both male and female in 

Camden (Camden Primary Care Trust, 2004). 

Figure 1.8 Difference in life expectancy between the best and worst ranking Electoral 

wards (from the total of 18 Electoral wards) in Camden for both male and female 

We will now turn our attention on Camden ' s older citizens. 
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1.5 Older People in Camden 

There is no an agreed definition of older people. However Camden's definition of 

older age as indicated in their Community Strategy to enhance the 'Quality of Life 

(QoL) of Camden's older citizens' is the same as NSF for older people which 

includes people as young as 50 (London Borough of Cam den, 2002). 

Cam den Primary Care Trust has adopted principles for developing services. These 

include promoting independence amongst its elder citizens involving elders 

themselves in the planning and delivery of services, tackling ageism and access to 

services without discrimination (Camden and Islington Health Authority, 2001). The 

Trust's commitment to partnership is evidenced by collaboration between health and 

local statutory sectors, voluntary groups, users and carers. There is also a 

multidisciplinary Health Improvement Programme (HImP) group, which examines 

the nature of health inequalities and develops strategies for improvement. In their 

report (Camden and Islington Health Authority, 2001) some of the key adverse 

social, economic, environmental and lifestyle factors which accounts for a lot of ill

health serve to illustrate the policy context, including: 

Twenty percent of persons aged over 65 years in Cam den receive income support. 

One in four may not be claiming benefits for which they are eligible. Around 7,000 

dwellings in Camden are unfit for habitation and there are no specific services for 

homeless elders. Seventeen percent of the elderly in one part of the district suffered 

clinical depression. 

1.5.1 Limiting Long Term Illness (LLTI) 

Figure 1.9 shows the population of Cam den (over 50 years old) with LL TI for every 

five years age group and for bot~ male and female. The figure also illustrates the 

percentage of people with LLTI in each age group. This chart has been produced 

based on information from the 2001 census. The percentage of people with LLTI for 

age group 50-54 increases from 25.6% to 72.6% for those over 90 years old. 
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Figure 1.9 rtIustration of the distribution of older people with 

limiting long term illness in Camden 
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1.6 Local Implementation ofNSF for older people in Camden 

The NSF for older people highlights the translations of the national standards of the 

NSF into new and better services for older people will be achieved through local 

arrangements. It a lso set a program of actions and milestones for implementation of 

the NSF by local authorities. An illustration of the national agenda and the local (LB 

of Cam den) strategies can be found below in Figure 1.10. 

Figure].IO Health strategies at National and Lo<.:allevel 

Call1tlen anti 
Islington Mental 
Heahh Cme of 
Older Peollle 

Strategy 

Source: London Borough of Cam den Socia l Services Department & Camden 
Primary Care Trust (2004), Serv ing o lder people 

In response to the implementation of NSF for older people, loca l authorities in 

Camden developed several strategies and many of the above needs are being met or 

plans are being developed. Three principal strategies developed by the local authority 

in Camden include: 
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• The Quality of Life Strategy for Camden's older citizens, implemented by 

Camden council. 

• Long Term Care and Support Strategy implemented by London Borough of 

Camden Social Services Department and Camden Primary Care Trust 

• Mental Health Care of Older People Strategy (MHCOP) implemented by 

'Steering Group of the Camden Mental Health Joint Commissioning Group' . 

1.6.1 The Quality of Life Strategy for Camden's older citizens 

Following the implementation of NSF for older people, the borough council in 

Camden developed a local strategy, 'The Quality of Life Strategy ' for the delivery of 

standard-8 of the NSF for older people. The objective of this strategy was declared 

by London Borough of Camden (2002) as: promoting healthy living and an active 

life in later years by closer partnership working between health and local authorities. 

The foremost aim of the quality of life strategy was identified as " .. . to improve and 

maintain the quality of life of Camden 's older citizens by demonstrating how 

agencies will work together and with older people to promote and provide healthy 

living activities, sustain people' s independence and promote a positive view of 

ageing" (London Borough of Camden, 2002). The objectives of the strategy are 

summarized in Box 1 .2. 
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The following initiatives and programmes were established: 

The Health Improvement Programme for older people: to reduce inequality in 

accessing services. 

Joint Investment Plan for older people: To enable the older people to stay at home as 

long as possible. 

Well and Wise Healthy Living Network: Reducing social exclusion and poverty. 

Camden Gold: Focus on minority ethnic groups. 

Camden's Champion for Older People: Engaging older people III community 

planning & local political process. 

1.6.2 Long-term Care and Support Strategy 

The aim of this strategy as it has been stated in the report is to " ... provide the 

London Borough of Cam den, Camden Primary Care Trust (PCT) and other partner 

agencies with a framework for the future planning of accommodation and related 

services for older people" (Camden Primary Care Trust & Cam den Council, 2003). 

The report also states that it focuses on long-term care and support for older people 

and not only will it address the minority of older people with explicit health and 

social care needs but also the majority of older people who are not major users of 

health and social care services. The strategy will be implemented within the overall 

framework of Camden PCT's Local Delivery Plan, which is produced every three 

years (currently 2003 - 2006) and updated annually. 

The strategy puts emphasis on three outcomes and the key action points for achieving 

those outcomes were also been identified. Box 1.3 includes the three key action 

points. 

1.6.3 Mental Health Care of Older People Strategy 

As yet there is not any formally published strategy in relation to the mental health 

care of older people in Camden. The framework of specialist 'Mental Health Care of 

Older People' (MHCOP) includes the needs of people with severe functional mental 

34 



illness and of people with dementias. The MHCOP services have very close links 

with the 'General Adult Psychiatry Services' (GAPS) and with ' Services for Frail 

Older People'. 
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1. 7 The factors to be considered in this study 

The factors 'age' and 'gender' .are two fundamental factors in health-related research 

and included in this study on both substantive and practical grounds (readily 

available). However, access to the appropriate factors that could represent the socio

economic status of a person (such as their occupational status or educational 

attainment etc) for every individual from available administrative records is not 

always possible. This difficulty will be more complex when the majority of the 

population under investigation are older people in their retirement. Thus, after careful 

consideration it was decided to use 'housing tenure' and 'council tax banding' as 

proxies for wealth and material circumstances. Whilst it is possible to justify the use 

of theses proxies on theoretical grounds it so happens that these items were the only 

ones readily available for extraction from the administrative data source. 

It is also necessary to state that the focus of this study is on promotion of health and 

prevention of ill-health in old age. For this reason I have included all people aged 

OVer 50 which covers those entering old age (the 'young-old') as well as the 'old-old' 

who are likely to be frail ~md vulnerable. There is no agreed chronological definition 

of What ages exactly define these boundaries (Laslett, 1996) but it was felt that this 

population would provide enough variation in individual circumstances to capture the 

changing demography of ageing in Cam den. 

In additio~ to the broad socio-economic factors, discussed in the previous sections, 

there are some health related factors such as falls and strokes etc which directly . 

increase the risk of ill-health and consequently the risk of hospital admissions or 

death. However, as noted earlier, there is a correlation between these factors and the 

socio-economic status of a person. To put it another way, at some stage, the above 

health related factors are influenced by the socio-economic factors. For the purpose 

of this study three popular causes of hospital admissions including falls, stroke and 

iSchemic heart disease are chosen for further analysis. 
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In order to examine the effect of each of the above socio-economic and health related 

factors on each individual's health, and also on policy of service delivery, variables 

'mortality' and 'contact with social services' were used as outcome variables. 

As it has already been stated, there are some local or national service targets for older 

people, which are expressly designed to monitor aspects of older person's health and 

services. The findings of this research will help Camden's authorities to identify 

where to target future services to meet its priorities for the elderly. In another words it 

will allow older people's needs in ill-health prevention and health promotion in 

specific geographical locations to be more clearly identified. It will also look at 

Whether timelier, accurate and possibly better measures can be identified which 

provide a better basis for service development and older people's policy. 

A project of this nature requires a strong evidence base but any analysis using 

official statistical sources is heavily constrained by poor quality and coverage of 

data for micro spatial scales. This research is based on existing administrative 

records which are completely anonymised. Further details are provided in Chapter 

3. 

In the next chapter I will define the terminology used in this study in order to justify 

OUr understanding through whole study. The methodologies to be employed in this 

thesis research will also b~ discussed and defined in Chapter 2. 
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2 Terminology and Methodology 

This chapter includes two sections: Section 1 contains the definition and description of 

some of the terminology used in this study and Section 2 contains a brief introduction 

of the methodologies employed in this research. 

2.1 Predicting risk 

The concept of 'risk' is central to the analysis that follows. It is therefore necessary to 

define what is meant by 'risk' and other relevant terminologies. It is also necessary to 

review the importance of identifying the risk factors and predictive modelling. 

2.1.1 Risk 

The Royal Society (1983) defines risk as: " ... a particular adverse event which occurs 

during a stated period of time, or results from a particular challenge." The Royal 

Society continues: " ... as a probability in the sense of statistical theory risk obeys all 

the formal laws of combining probabilities". 

Risk by Holton (2004) is defined as: H ... exposure to a proposition of which one is 

uncertain". Another definition of risk by Moreau & Jordan (2005) is: " ... the likelihood 

of the Occurrence and the magnitude of the consequences of an adverse event: a 

measure of the probability of harm and the severity of the impact of a hazard". Simply 

defined; Risk = Hazard x Exposure. Hazard also has been defined by them as " ... the 

Way in which a thing or situation can cause harm," and exposure as "The extent to 

which the likely recipient of the harm can be influenced by the hazard". 

-

The analysis presented in this thesis is based on two binary outcomes; death or 'being 

known to social services'. The second item is also used as a predictor in models of 

mortality. Essentially, all models predict an overall probability of an event occurring. 
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Whenever this event is judged to be adverse (like death itself) the term 'risk' is 

adopted. Thus the main focus is the extent to which the observed or predicted risk of 

death is higher or lower for certain subgroups in the population. Equally, there is also a 

policy dimension in knowing the extent to which the overall probability of being 

known to social services varies by socio-economic characteristics. It is arguable as to 

whether being known to social services is adverse or not so I prefer to use the term 

probability when referring to the chances of being known to social services. A 

predictive factor is described as a 'risk factor' whenever the estimated odds increase 

the overall probability of death occurring and a 'protective factor' whenever the 

estimated odds decrease the overall probability of death occurring. 

2.1.2 Risk factor 

A useful working definition of a risk factor is provided by Mayhew (Mayhew, 2004); 

"A situation or an event that could increase or be associated with the probability of 

occurrence of an adverse event", 

2.1.3 Risk assessment 

Risk assessment is defined in the Encyclopedia of Public Health (Encyclopedia of 

Public H~alth, 2002) as: "A report that shows assets, vulnerabilities, likelihood of 

damage, estimates of the costs of recovery, summaries of possible defensive measur~s 

and their costs and estimated probable savings from better protection". 

2.1.4 Predictive Modeling 

Predictive mode ling has been defined by Cousins et al (2002) as: " ... a set of tools used 

to stratify a population according to its risk of nearly any outcome .. .ideally, patients 

are risk-stratified to identify opportunities for intervention before the occurrence of 

adverse outcomes that result in increased medical costs". 

2.1.5 Why predict risk? 
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There is a direct relationship between predictions, planning, prevention and promotion. 

In order to promote quality of life and to improve the health, ultimately, we need to 

identify the risk factors which drive poor health and well being. Identifying risk factors 

is also important for the fair and efficient allocation of limited financial resources. 

By identifying risk factors, we will be able to design a predictive model to assist us in 

planning. Axelrod & Vogel (2003) have argued that: "Over the last few years, an 

increasingly higher degree of interest has focused on the process of predictive 

modelling in healthcare. While risk assessment is embedded within most industries, 

post industrial revolution, the process of modelling prediction using advanced 

mathematical models is relatively new. Within the healthcare industry, mUltiple 

constituencies operate under the principle of risk and risk assessment". 

2.1.6 The relationship between risk assessment and health promotion 

Evidence shows that identifying health risk factors are an important step for the 

promotion of health. In other words, it was found that in order for health promotion 

programs to be effective, it is incumbent upon researchers to identify explicit health 

risk factors in order to promote health or prevent ill-health. 

In a report by the World Health Organization (2001) it was argued that much of the 

progress in their health promotion programme has been achieved through the 

application of health promotion principles to specific risk factors and diseases in 

particular populations and settings, and the generation of an evidence base of effective 

practice. WHO also underlines that after 25 years of effort, community-based health 

promotion activities in North Karelia, Finland, have reduced age-adjusted mortality 

due to heart disease among men by 73% and cut 44% of all causes of mortality for 

men. The report also continues that o~er a 10-year period in California, United States 

of America, a comprehensive tobacco control programme has helped to prevent 33,000 

heart disease deaths and reduced the incidence of lung cancer by 14%, compared to a 

reduction of3% in the rest of the United States. 
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Standard-8 of the 2001 National Service Framework (NSF) for Older People relating to 

the importance of the modification of risk factors highlights: "There is a growing body 

of evidence to suggest that the modification of risk factors for disease even late in life 

can have health benefits for the individual; longer life, increased or maintained levels 

of functional ability, disease prevention and an improved sense of well-being." 

(Department of Health, 2001). 

2.1. 7 The importance of updating risk 

The health of people changes over the course of time; while some healthy people get 

sicker, some un-well people become healthier and need less care. Adams (1995) states: 

"records of past risks are not an accurate guide to the future because people respond to 

risk, thereby changing it. For example, insurance companies consult past claim 

experiences in calculating premiums they charge to cover future risks. This in turn 

affects people's risk taking behaviour". Therefore, risk in general and particularly the 

risk related to health need to be updated more frequently. 

In the following section, the methodological approach adopted in this study, will be 

discussed and a brief description of each of the methods will be provided. 
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2.2 Methodology 

There were several distinct components to the research. For combining and enhancing 

various sources of data, database management system (DB MS) was used. A 'risk 

ladder' approach was utilised for the initial data analysis and following this the relative 

important of risk factors were assessed by logistic regression (Hosmer & Lemeshow, 

2000). Finally, the results of logistic regression models were evaluated by means of 

Receiver Operating Characteristic (ROC) Curves. 

The main reason for using risk ladder analysis in this study is its simplicity in showing 

the varying observed probabilities of mortality for different groups of people with 

similar characteristics (clusters). For the purpose of prediction and the estimation of the 

relative importance of each risk factor, logistic regression modeling is used. 

Alternative approaches include probit or linear probability models (LPM). LPM places 

no restrictions on the values that the independent variables (IVs) take on. They may be 

continuous (interval/ratio) or they may be dichotomous (dummy) variable. The 

dependent variable (DV), however, is assumed to be continuous. Because there are no 

restrictions on the IVs, the DVs must be free to range in value from negative infinity to 

positive infinity. The LPM predicts the probability of an event occurring, and, like 

other linear models, say~ that the effects of IV s on the probabilities are linear (Aldrich 

& Nelson, 1985). 

Logistic regression models are based on the assumption that the categorical dependi:mt 

variable reflects an underlying qualitative variable and uses the binomial distribution, 

whilst probit regression assumes the categorical dependent reflects an underlying 

quantitative variable and it uses the cumulative normal distribution. As with logistic 

regression, there are oprobit (ordinal probit) and mprobit (multinomial probit) options. 

In practice logit and probit analyses provide similar results. The preference for logistic 

mode ling was also influenced by its dominant application in social epidemiology 

(Altman, 1999; Barros & Hirakata, 2003; Hosmer & Lemeshow, 2000). Both the 

cumulative standard normal curve used by probit as a transform and the logistic (log 

odds) curve used in logistic regression display an S-shaped curve. Though the probit 

Curve is slightly steeper, differences are small. Because of its reliance on the standard 
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normal curve, probit is not recommended when there are many cases in one tail or the 

other of a distribution (Pampel, 2000). 

The following sub-sections provide a more detailed summary of each component of the 

overall methodological approach. 

2.2.1 Relational Database Management System (RDBMS) 

Database Management System is a collection of programs that enables one to store, 

modify, and extract information from a database. A Relational Database Management 

System (RDBMS) is a type of DBMS that stores data in the form of related tables and 

is based on the 'relational model' introduced by Codd (1990). Codd (1979) defines the 

relational model as: " ... a time-varying collection of data, all of which can be accessed 

and updated as if they were organized as a collection of tabular time-varying tabular 

(nonhierarchic) relations of assorted degrees defined on a given set of simple 

domains". 

The DB MS approach with Structured Query Language (Gennick, 1999) was used to 

join and integrate different data sources. Five fundamental operations in relational 

algebra, selection, projection, Cartesian product, union and set difference were 

employed to retrieve the data from different data sources (Connolly & Begg~ 2001). 

The software packages used for data manipulation include Microsoft Excel (Microsoft 

Corporation, 2003b), Access (Microsoft Corporation, 2003a) and SQL (Microsoft 

Corporation, 2003c) . The next chapter (Chapter 3) provides a full account of data 

management and preparation. 

2.2.2 Risk Ladder 

"A risk ladder is an analytical tool to assist in the analysis of the risk or probability of 

an event and is based on the compJete decomposition of a population according to 

selected risk factors" (Alder et aI., 2005; Mayhew, 2004). A risk ladder in the context 

of this research is an exhaustive tabulation of all individuals over 50 years old in 

Camden according to the presence or absence of every possible combination of risk 

factors. The number of differ~nt possible combinations for 'N' risk factors is equal 
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to 2 N • For a model with 4 risk factors there are 16 possible risk categories and so the 

table has 16 rows in it; with 5 factors this increases to 32 and so on. Each row has an 

entry for the observed risk. 'The rows are arranged in ascending/descending order of 

'risk'; thereby defining the risk ladder. 

The risk ladder was used to cluster groups of the population with similar characteristics 

and accordingly to assess the probability of an adverse event (or risk) for each group. 

2.2.3 Regression; Multiple Linear Regressions, Logistic Regression 

Multiple linear regression is a technique used to estimate a statistical relationship 

between independent predictor variables and a dependent predictand variable 

(Tabachnick & Fidel, 2001). 

A special case of the general model common in epidemiology is where the outcome of 

the dependent variable is binary (Jewell, 2004) and referred to here as binary logistic 

regression. 

Binary Logistic Regression: Logistic regression allows one to predict a discrete binary 

outcome, such as group membership, from a set of variables that may be continuous, 

discrete, dichotomous, or a combination of any of these (Tabachnick & Fidel, 2001). 

In logistic regression. the dependent variable is always dichotomous, that is, the 

dependent variable can take the value' 1 ' with a probability of occurring (P) or the 

value '0' with probability of not occurring (l-p). Binary logistic regression is a special 

case of the general form of the model where all of the predictors are also binary. 

Peat & Barton (2005) define binary logistic regression as: " ... a mathematical method 

to measure the effects of binary risk factors on a binary outcome variable whilst 

adjusting for interrelationship between them". In other words it is primarily used to 

determine which binary explanatory variables independently predict a binary outcome 

(Wright 1995, Logistic Regression, cited in Peat & Barton, (2005). The outcome 

variable typically reflects the presence or absence of a condition or a disease. 

In binary logistic regression, the variables that predict the probability of the outcome 

are measured as odds ratios. Therefore the interpretation of any fitted model relies on 
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an understanding of odds and odds ratios. 'Odds' is simply the ratio of the probability 

of an event occurring (p) to the probability of its not occurring (l-p) which can be 

simplified to: 

Odds = p/(l-p) 

For example in mortality analysis, an odds of 2 (2/1) for a particular cell in a multiway 

table defined by a combination of factors would imply that two deaths occur for every 

survivor. Whereas an odds of 0.20 (1/5) would indicate that there was one recorded 

death for every 5 survivors. When probabilities are small, p/(l - p) approximately 

equals p because 1 - p is approximately 1 (Gould, 2000). 

An Odds Ratio (ORi is the ratio of the odds of an event occurring in one group (p/l

p) to the odds of it occurring in another group (q/l-q) and can be written as: 

Odds Ratio = p 1(1- p) 
ql(l-q) (2.1) 

In logistic regression the outcome or dependent variable is the log (odds) and the 

transformation used is called logit transformation, written logit (p) (Altman, 1999) and 

expressed as: 

logit (p) = log. (j{_ p) 
(2.2i 

Thus, the estimate of p can be written: 

2 
3 Altman (1999, pp266-268) 

Altman (1999, p. 352) 
4 Tabachnick & Fidel (2001, p.518) 
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A 

Where' Pi ' is the estimated probability of occurring for ith case (i = 1, ... ,n) , 'e' is the 

base of the naturallogarith~ (about 2.718) and u is the usual linear regression equation 

With constant A, coefficientsB
J

, and predictors, X} for k predictors (j = 1, ... , k). 

Thus, the linear regression equation which creates the logit or log of the odds can be 

written: 

(2.5)6 

Hence in the absence of any of the factors 1 to k, the equation (2.5) becomes: 

In[~J=A 
1- P 

So, the odds is: 

A A 

= P /(1- p) = exp(A) 

And the estimated probability / risk is: 

A 

P = exp(A)/(1 +exp(A» 

(Multiply this by 1 00 and you get the predicted % risk for those without any risk 

factors present in the risk ladder which can be compared with the observed risk). 

5 
6 Tabachnick & Fidel (2001, p.518) 

Tabachnick & Fidel.<2001, p.SI8)· 
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In general the predicted odds (probabilities) can be estimated in this manner for any 

combination of risk factors. Using equation 2.5 above the exponent associated with 

each risk factor (exp(Bj» represents a multiplicative factor that increases or decreases 

the odds of an event occurring. For example if risk factor X] were the only risk factor 

present the predicted odds would be exp(A+B]) written as a product: exp A. expB] . 

Gould (2000) interprets the exponentiated coefficient in logistic regression as: 

( ) 
odds {if the corresponding var iable is incremented by 1) 

exp B. = ( ) 
J odds if var iable not incremented 

Or, equivalently, 

(p(eventIX. +1)/(1- p(eventIX} +1)) 
exp(B.) = J ) 

J (p(event I X}) / (1- p(event I X}) 

In other words, exp(Bj) is the ratio of odds for two groups where each group has a 

values ofXj and is one unit apart from the values ofXj in the other group (e.g. 'Xj' and 

'Xj+ 1 '). Exp(Bj) > 1 means the independent variable increases the logit and therefore 

increases odds(event): If exp(Bj) = 1, the independent variable has no effect and if 

exp(Bj) < 1, then the independent variable decreases the logit and therefore decreases 

the odds(event)(Hosmer & Lemeshow, 2000) .8 

2.2.4 Receiver Operating Characteristic (ROC) Curve 

Roe curves are used as a tool to evaluate the results of the prediction by logistic 

regression. A ROe curve can be represented equivalently by plotting the fraction of 

true positives (TP) or 'sensitivity'_ versus the fraction of false positives (FP) or '1-

Specificity' . 

7--------------------
8 Gould (2000, p.20) . " 

2.6 has generality for binary predictors and/or continuous variables which Incremented by 
whole units. A categorical variable would therefore be represented by a set of 0/1 dummy 
variables. . 
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For example, in a health setting, sensitivity refers to the people with disease who have 

a positive test result (True Positive or TP) and specificity refers to the people without 

disease who have a negative test result (True Negative or TN). Subsequently '1-

Specificity' refers to the people without disease who have a positive test result (FP). 

In short, sensitivity indicates how likely the outcome of a test will be positive for actual 

positive cases and specificity indicates how likely the outcome of a test will be 

negative for actual negative cases (Peat & Barton, 2005). Detailed information on 

usefulness of the ROC curves will be discussed in Chapter 6. 
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2.3 Ethnicity 

A key risk factor in the study of health inequalities is 'ethnicity' (Ward, 2003; Dressier 

et aI., 2005; Pearce et aI., 2004; Carter-Pokras et aI., 2004). However, it was not 

possible to include this factor with any confidence as the available administrative data 

source only contained an ethnicity code for less than one third of the study population. 

Table 2.1 below shows a comparison of the marginal distribution for ethnicity using 

the 2003 mid-year estimates of population by ONS (Office for National Statistics, 

2004b) for Cam den older citizens with the percentage of those with a recorded 

ethnicity in this study. Using the 2003 mid-year estimates of population as a 

benchmark gives a chi-square of 9248, 4 df (p<.OO 1), signifying that the sample (those 

with a recorded ethnicity in this study) is unlikely to have been selected randomly from 

the population. That is, reporting of ethnicity is non-random in the population of 

Camden residents (White & Mixed people were less likely to have their ethnicity 

recorded than the others). 

Table 2.1 Comparison of percentage of ethnic groups living in Cam den for 2003 
ONS mid-year estimates of population (aged 50 years and older) by ONS to those 

with a recorded ethnicity in the administrative data available to this study 

Mid Year 2003 Estimates of Those with a recorded ethnicity 

Ethnic-Group Population In this study 

White 86.50% 66.55% 

Mixed 1.30% 0.07% 

Asian or Asian British 5.40% 17.63% 

Black or Black British 4.00% 10.93% 

Chinese or Other Eth-G 2.80% 4.82% 

The interpretation of the health data by race and ethnic group, can also very much 

depend on the quality of data and the meaning assigned to the terms 'race' and 

'ethnicity'. The quality of the data on race and ethnicity also depends greatly on how it 

has been collected and compiled, and there is often variation between organisations 

and departments. 

In addition, the concept of race and ethnicity has developed over time (Washington 

State Department 'of Health, 2004). Debate on the notion of race and ethnicity is an on 
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going subject and the concepts are continually being updated and re-defined owing to a 

number of factors (Bhopal, 1997). From the biologi~al viewpoint, there are some 

arguments which suggest that races are not biologically distinct (Kuper, 1975). As 

Bhopal (1997) also states: "·"the physical characteristics distinguishing races result 

from a small number of genes that do not relate closely to either behaviours or 

disease". 

From the socio-economical perspective, Senior & Bhopal (1994) state that" ... ethnicity 

is a fluid concept and depends on context. At Ellis Island millions of Europeans 

swapped European identities for American ones ... ethnicity is not measurable with 

accuracy or validity". 

There have always been difficulties in using the collected ethnicity data. In the 1991 

UK census the question on ethnicity was responded to by those people who were 

Willing to answer it, and the classification was arbitrary (Senior & Bhopal, 1994). The 

constraining factor in relation to the limited use of the collected data by the Department 

of Health in the UK by Jacobson & Aspinall (2006) are defined as the 'poor quality of 

much of this data', 'concerns over low rates of completeness' and the use of 'non 

standard classifications and questionable methods of ascertainment of ethnic group'. 

At the beginning of this study it was decided to use the variable 'ethnicity' as one of .

the factors in the process of analysis. In the first instance it was attempted to find an 

ethnicity match for each of the 3188 records in the mortality list. In order to do this 

several data sources including 'hospital admissions', 'social services' and 'school pupil 

roll' were used to find an ethnicity match for each individual. For approximately 50% 

of the records (around 1600 records) ethnicity was present. For the remaining 50% the 

information including place of birth, surname, first name or a combination of two or 

more of these entities were used to extract an ethnicity (Lauderdalei & Kestenbaum, 

2000; Mateos, 2007; Research and Development DH & NHS, 1998). This process took 

approximately two weeks but the allocated values could still not said to represent every 

individual's ethnic group correctly. Appendix-B includes the steps that were taken to 

find/allocate an ethnicity to each record in the mortality list. However, using this 

exhaustive and manual approach is time consuming and it was not possible to do it for 

whole population i~ this study. 

50 



In the process of finding an ethnicity for each record s~me problems were discovered. 

These problems included a large number of cases where the place of birth, the first 

name and surname did not match with the ethnicity extracted from administrative data 

Sources like hospital admissions, social services and schools. For example, in some 

cases the name and surname of a person is South Asian in origin and the place of birth 

is listed as Bangladesh but ethnicity were recorded 'White'. There were also a 

considerable number of cases where the place of birth was recorded as 'Ireland' or 

'Eastern European countries' with Irish or Eastern European names but ethnicity was 

listed as 'White English'. 

Given the above problems, it was decided not to continue attempting to match an 

ethnicity for all of the 43472 records of population. Therefore the variable ethnicity as 

a parameter for further analysis had to be excluded from this study. 

It is now important to continue with a detailed account of the stages involved in the 

data management and preparation. 
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3 Data management and preparation 

3.1 Introduction 

Adopting the right policy by any government is highly dependant on the periodic 

updating of information, accuracy of the information and cost of this information. It is 

also recognized that providing high quality health services requires comprehensive 

information to be collected on the health status of the population. Data sharing between 

health and local authorities is necessary to ensure comprehensive information is at 

hand (Mayhew & Harper, 2006; Raine et aI., 2006). Deficiencies in the quality of this 

information as Raine et al. (2006) state: " ... making it impossible to track, at local 

level, trends in major risk factors and in patterns of diseases". Therefore, the Statistics 

Commission welcomed the announcement in the Queen's Speech 2006, of plans for 

legislation governing UK official statistics, which was followed by Commission 

Chairman Professor David Rhind on 'enhancing the ONS's access to administrative 

data from across the public sector for valid statistical purposes' (Statistics Commission, 

2006). 

Owing to the lack of a Relational Database Management System (RDBMS) between __ 

administrative data a~ailable for this analysis, it is necessary to consider ways of 

combining information from several different data sources. The data sources used in 

this research were originally created to meet the specific needs of the particular 

agencieslbodies that were involved in their design. These data sources have varied 

formats and styles, which makes it difficult to analyse and compare the data sets. 

In order to make best use of these data sources it is essential that comprehensive 

queries are undertaken to extract the necessary risk and predictive factors enabling 

them to be integrated into single comprehensive matrix. This matrix will ensure that all 

factors are included in one single -source and will also help facilitate the import and 

export of data in different formats including Microsoft Excel (Microsoft Corporation, 

2003b), Microsoft Access (Microsoft Corporation, 2003a), Microsoft SQL (Microsoft 
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Corporation, 2003c), Software Package for Social Science (SPSS, 2003) and Statistical 

Software for Professional, Stata (StataCorp, 2005). 

The following sections provide more detail the key data sources used in this research 

and outline the processes of data preparation. 
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3.2 Data Sources 

Altogether seven distinct data sources were used for this research and these are shown 

in Figure 3.1. Specifically the boxes represent seven distinct sources: 

I. Mortality data for three years (2002-2004) 

2. Hospital admission records (2002-2004) 

3. GP-Registration (October-2003) 

4. Counci l tax (2003) 

5. Council property (2003) 

6. Loca l Property Gazetteer (LPG) 

7. Social service data (2002- 2004) 

Figure 3. 1 Data sources with unique identifier(s) in each source. 

Mortality 

r NHS-No, / 
DOB , PCd 

Council Co uncil 
Tax 1 Property 

I I I UPRN I UPRN 

" 
GP- V 

Registration 

I/UPRN, DOB j / V NHS-No, PCd r-.... Loca l 
Hosp ita l 

J 
Property Admission 
Gazetteer I r NHS-No, I I UPRN I DOB , PCd 

Social 
Service 

r NH S-No, / 
DOB , PCd 

Legend 

Variab le Name Defin ition 

UPRN Unique Property Reference Number 

NH S-No National Hea lth Service Number 

DOB Date of Bi rth 

ped Postcode 
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The data sources are integrated for the purpose of identifying risk factors. Also 

represented in figure 3.1 are the key variables (contained in the small internal boxes). 

These variables either individually or in conjunction with other variables form the 

'primary key' (unique identifier of each record). Consequently the primary key has 

been defined in database design as a value that uniquely identifies each row (record) in 

a table (Date, 2000). 

Some of the data sources included in Figure 3.1 utilized Camden Local Area Shared 

Information Resource (LASIR) which was introduced in April 2003 and includes a 

wide range of data sources, including; police, health and council data. The purpose of 

LASIR is to provide the means to join up information from different partners in order 

to enable the research to focus on local areas and neighbourhoods and therefore target 

resources more effectively (Mayhew Associates Ltd & Camden PCT, 2005). With 

LASIR the single records from each table have been matched to the Local Property 

Gazetteer (LPG), which includes the list of all properties in the Borough with a Unique 

Property Reference Number (UPRN). It should also be noted that one of the 

problematic issues with LASIR is that the data combination was completed manually 

(which means without using a RDBMS) and therefore is a snapshot which can not be 

updated automatically from the various data sources that populate the database. 

What follows is a brief explanation of why each data source is useful and the type of 

information which can be extracted from each of them. 

The reason for using mortality and hospital admission data is an obvious one. Put 

Simply, we require the records of people who died and also those who were admitted to 

hospital owing to a particular conditionlcause, over a specific period of time (in this 

instance between 2002 and 2004). The main reason for including the GP-register data 

is that the GP register provides a very extensive list of almost all of the people living in 

the Borough and has been used to extract the target population for this work. Also 

included in the data sources is 'Council tax' and 'Council property' which have been 

utilised for the extraction of council tax band and housing tenure for each individual in 

the target population. 

55 



In addition, the Local Property Gazetteer (LPG) includes the appropriate address of all 

properties in the Borough, including a UPRN. UPRN represents the same address in 

each different data sources. The UPRN provides a link between an individual to several 

data sources, in order to extract different variables related to the same individual. In 

other words UPRN by itself is an appropriate primary "key. 

The records from LB Camden's social services data have also been used in this study. 

The rationale behind using the social services Department data is· to examine the 

relationship between the services provided by the department of Social Services and 

the mortality rates of older people in Camden. In other words, it has been used to test 

Whether being at higher risk of ill-health and consequently mortality will increase the 

chance of being in contact with social services or not. It has also been used as a 

complementary source for extraction of the ethnicity codes for some records in order to 

undertake further analysis. It needs to be declared that the social services data will be 

limited in scope since it will only contain individual records for persons known to 

social services. 
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3.3 Data preparation 

Data preparation is an important and critical preliminary step in any data analysis. In 

order to maximise the coverage of the information, it is very important to adopt 

procedures which maximise the accuracy of individual records. It is very difficult or 

sometimes impossible to go back to manipulate the data once records are extracted or 

merged. Therefore it is a time consuming stage of the work. The data preparation in 

this research involves five critical steps. 

In the first step (data collection), the individual data sources are collected from 

different databases. The second step involves the 'data cleaning' in order to extract the 

appropriate records or variables, required for the research. In step three various data 

was integrated. In this stage the data was combined together via appropriate queries to 

create a comprehensive source. Step four involves the variable creation which the 

target variables are either extracted from the existing data sources or have been derived 

by manipulating the available data. A simple example of this would be the extraction 

of age from date of birth and the date of data entry. During this stage categorical or 

dichotomous variables were created too. Stage five focuses upon transferring the 

created data source to a software package such as 'SPSS' (SPSS, 2003) or 'Stata' 

(StataCorp, 2005) for statistical analysis. 

To predict all required variables for the later stages of the research is not always 

Possible. Therefore there are various examples of returning to the previous stages of 

data preparation to repeat some steps in order to retrieve a new variable. 

Before going through the· detailed explanation of the process of data preparation for 

each data source in the following sections, it is necessary to declare that on balance it 

Was decided to focus on the non-institutionalised population of Camden aged 50 years 

and above given that the broad policy aim of the project was to increase the chance of 

this group remaining independent and healthy in their homes. Therefore any 

institutionalised people in this age group were excluded from the list of population. A 
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more comprehensive explanation for the exclusion of institutionalized people from the 

analysis can be found in Section 3.4. 

3.3.1 Mortality data 

The mortality data includes information such as: person's name, date of birth, date of 

death, extracted age (at the time of death), gender, occupation, address, causes of death 

and many other attributes that are not relevant at this stage of the work. 

In order to find the relation between mortality and socio-economic status of a person, 

the tax band and tenure have been used as a proxy for 'wealth' (Mayhew Associates 

Ltd & Camden PCT, 2005). The starting point of tax bands is the valuation of the 

property: "The basis of valuation for a dwelling .. .is the amount which, subject to 

certain assumptions, it would have sold for on the 'open market' by a 'willing 

vendor' on 1 April 1991" (Valuation Office Agency, 2006). Further information 

on tax bands for England and Wales can be found in Appendix-C. 

Therefore, the council tax and council property data sources which include the tax band 

and tenure, have been linked to the mortality records by using the UPRN as a primary 

key (unique identifier), in order to extract more comprehensive information. 

At every stage it was important to maximise the number of records. This has obvious 

benefit for the precision of any estimates. After careful consideration of the quality of 

the available mortality data in the borough of Cam den, three years mortality records 

(2002-04) were selected for further analysis. 

Preparing Mortality Data 

The process of mortality data preparation is shown in Figure 3.2. The following steps 

are the detailed explanation of the process of mortality data preparation. 

i) Integrating the 3 years mortality data: the total numbers of deaths for the period of 

2002-2004 were 4,223 and the total number of deaths for people age over 50 was 3782. 
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By excluding those who died in residential care homes the number of records reduces 

to 3,25 5. 

Mortality 2002 = 
1438 records 

Figure 3.2 Mortality data preparation fl owchart. 

Mortality 2003 = 
1410 records 

I Total for 3 years = 4233 

1 
Age (50+) = 3782 

1 
Excluding Date of Death 
before 2002 (53 records) 

=3729 
-

1 
-

Excluding those in 
Residential Care homes 

(474 records) = 3255 

1 
Excluding 67 records 

without address = 3188 

1 
Mortality 2003 = 

1064 records 

Mortality 2004 = 
1385 records 

For 327 out of 
3188 records 

tax band were 
found manually 

From the total number of 3188 records of mortality in 3 years, 
207 were found in the list of GP and their information have 

been integrated to the list and 2982 records have been added 
to 40,279 records of GP, increased to 43261 (population) 
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if) Allocating a UPRN to each record by matching with LPG: there are 67 records that 

neither have an address in the address field nor a UPRN. The total number of records 

with a UPRN is 3,188. 

iii) Council Tax Band: 327 records out of the total 3,188 records with a UPRN had a 

tax band value of '0' which means that the allocated UPRN to them belongs to the 

'Building Shell' (A non-addressable property e.g. the building that holds 3 flats 

together) and not to any specific unit. Before omitting the 327 records, it was 

reasonable to ascertain if they were distributed equally between private and social 

housing or not. By checking the housing tenure it was apparent that 316 of these 

records belong to private housing and only 11 records belong to the social housing. 

This figure includes more than 10% of the total records for analysis and it seems that 

omitting them from the total list of mortality, would cause a significant amount of bias 

in the entire output. 

In order to prevent the results from the effects of bias, tax bands were identified and 

allocated manually for the outstanding 327 records. Therefore, both 'Council Tax' 

table (which includes the tax band for all properties) and the mortality list have been 

sorted by postcode in the same sequence. Then, by finding the tax band for the similar 

properties (other flats or units in the same estate, building or street), a tax band was 

found and allocated ~o those properties without a tax band. If all properties in one .

building in the list had similar tax band values (e.g. band 'D'), then the same value (D), 

was allocated in place of the missing value. The final number of mortality re~ords 

presented for analysis is 3,188 deaths (84% of all deaths) in Cam den during 2002-04 

for those residents aged 50 years and above. 

3.3.2 Hospital admission data 

The data for the three popular causes of hospital admissions for older people; Falls, 

Ischemic-Heart Disease and Strokes, (subsequently labelled as 'PIS' data) were 

extracted from 65,871 total records of hospital admissions in 2002-04 (three years) for 

the population aged over 50 years resident in Camden. 
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The records of the three causes of hospital admission (FIS) were extracted based on the 

codes of the 'Diagnosis' columns such as 'Prim (ary) Diagnosis', 'Sub-Diagnosis' or 

'Second-Diagnosis' (columns 1 to 5). All hospital admission data that were used were 

those coded by ICD-l 0 (International Statistical Classification of Diseases and Related 

Health Problems-Tenth Revision). The outputs for the three causes of hospital 

admission were; 2,060 records of falls, 1,781 records of strokes and 2,475 records of 

ischemic heart disease (6316 in total). 

Preparing hospital admission data 

For the purpose of further analysis based on tenure and tax bands, a primary key such 

as UPRN, NHS-number or a combination of two or more variables (e.g. postcode and 

date of birth) is required. Therefore we need to look for some other attributes that can 

be found in other administrative data sources with UPRN, to use as a bridge between 

Hospital Admission and Council Tax or property tables (e.g. GP-Registration, 

Mortality etc). All three data sources (hospital admission records, GP-Register and 

Mortality records) have a NHS-Number. Therefore person's NHS number is the best 

attribute for the above purpose. 

However, in some records in the hospital admission data, the NHS-Number is missing 

but the person's name and address is present. These records are more likely to be found 

in places such as a residential care home or hospital, which are excluded from this 

analysis. There are 1,097 records without NHS-Numbers from the total number of 

6,316 FIS records and the reminder of the records (5,219), have a NHS-Number. 

There is large number of cases where one person was admitted to the hospital on 

several occasions. Therefore by using a 'Distinct' query, all repeated records have been 

omitted and for each person there is only one record left. A column for entering the 

number of hospital admissions for-each cause of hospital admission has been added in 

the table. Thus, the 5,219 admission records were reduced to 2,847 individuals (unique 

records). 
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In the next stage of work these records were cross checked with the main (population) 

list for matching (to find if the person in the hospital list is also included in the 

population list or not). For 1,846 out of 2,847 individuals in the FIS list, a match was 

found with the NHS-number and for 182 records a match was found by combination of 

'date of birth' and 'postcode'. 819 records (individuals) were discarded because no 

match of any kind could be found for them in the population. The lack of sufficient 

information related to their addresses, which could have helped extracting other factors 

for them, also precluded their inclusion in the population. 1,097 records without a 

NHS-Number were cross checked with the population by using combination of 'DOB' 

and 'Postcode'. For 702 out of 1,097, neither any match was found nor did they have 

enough information to be added to the population list independently. The reminder of 

the records (395 records belong to 225 individuals) did not have any match in the 

population but they could be added to the population independently. Therefore after the 

distinction process they were added to the target population. 

The percentage and distribution of the 2,399 individuals and causes are as follows: 

From the total of 2,060 records of falls, a match was found for 1,266 records (61 %). 

These 1,266 records belong to 885 distinct individuals. 

From the total of2,475 records of ischemic heart disease, a match was found for 1,737 

records (70%). The 1,737 records belong to 910 distinct individuals 

From the total of 1,781 records of stroke, a match was found for 1,158 records (65%). 

The 1,158 records belong to 604 distinct individuals 

By adding all causes of hospital admission, 66% of records have been integrated into 

the target population. 

Finally, from the total of 6,316 records of hospital admissions as a result of the 3 

causes (FIS) for 4,161 a match was found. These 4,161 matched records belong to 

2,253 (1,846 + 182 + 225) individuals. Figure 3.3 illustrates the process of hospital 

admission data pr~paration. . 
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Figure 3.3 process of data preparation fo r hospita l admiss ions as a result of three 
causes 

Total' number of records of hospital admission for FIS 
:; 6316 extracted from 65,000 total records of hospilal 

admission of older people in Camden 2002-04 

j Records with NHS-No = 5219 Records without NHS-No:; 1097 I 

1 ~ ~ 
Unique 
records 

(number of 
indIviduals) = 

2847 

Records with DOB 
& Postcode, not in 
the population :; 

395 (225 
individuals) 

=-- /l~ 
Not any 

match found 
= 819 

Match by 
NHS-No 

with 
Population = 

1846 

,r---~~=~ 
Match by DOB 

& postcode 
with 

population = 
182 

Population by integrating GP 
records & Mortality :: 4326 1 

By 
Adding 225 new extracted from 

FIS = 43486 (final target 
population) 

J-----~ 

Not any 
match 
found 
=702 

records 

From the tota l of 6,3 16 records of hospi ta l adm issions as a resu lt of the 3 causes (FlS) 

for 4,16 1 (66%) a match was found from the records of Camden popUlat ion aged 50 

years and above. Table 3.1 shows the percentage of matched records and the tota l 

number of individuals for each cause of hospita l adm ission 
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Table 3.1 Matching 2002-04 hospital admission with population records 

fo~ those aged over 50 years in Camden 

Comparing the total FIS with matched FIS & distinct individu als 

Cause Total Matched records % of Matched with No of Ind ividuals 
of HA Records with population Population (unique r ecords) 

Fall 2060 1266 61% 88 5 
I-HO 2475 1737 70% 91 0 

Stroke 1781 1158 65% 60 4 

Total 6316 4161 66% 239 9 

3.3.3 Target population (main data source) 

% of Camden The main single data source in LASIR which covers around 90 

population is the General Practice (GP) Register. The GP-register tab 

has been used for the purpose of creating the basis of the main data 

le from LASIR 

source (target 

population) for this research. 

Preparing target population data 

The total number of records on the GP-registration list is 181,749 records. By 

excluding all people aged under 50 years old, the remaining 40,979 records belong to 

those who are 50 years old or more. By cross checking the GP-registration records of 

40,979 people aged 50 years and above, with the 'Council tax band' table, only for 

36,693 records a tax band was found and for 4286 records a tax band could not be 

found at the outset. 

In order to extract a tax band for the above 4286 records, a similar technique to the one 

Used for the mortality list, was employed. A tax band could not be found at all for 302 

records because the address was un-identifiable. There were also 398 records for those 

living in residential care homes. These two groups (302 + 398 = 700 records) were 

eXcluded from th~ 4286 records and for the reminder of the records (3586 records), a 

64 

L 

.-



tax band was found. The final number of records for people aged 50 years old or more 

with a council tax band yalue and not living in a residential care homes turned into: 

36,693 + 3586 = 40,279 records. 

The reason for excluding those records without a tax band is because tax bands will 

operate as a 'proxy for wealth' (as mentioned earlier). In the case of those people 

residing in residential care the tax band is misleading as the bands tend to be allocated 

to the institution. Therefore, the tax band in institutions does not represent the 

resident's socio-economic status. 

There is still a noticeable difference between this figure and the estimated population 

of 50 years old or more in Cam den for mid-2003 by the Office for National Statistics 

(2004b) which is approximately 47,700. To reduce the gap the records of three years 

mortality data (2002-04) were integrated into the above records (the duplicate records 

Were omitted) and the total number of records increased to 43,261. The population 

records were increased to 43,486 by adding a further 225 unique records of hospital 

admission data (not duplicate by mortality or GP registration) for three years (2002-

04). 

For the purpose of mapping the outcome in the later stage, we need to extract the ._ 

geographical coordinators data for all records. Finally by cross checking the 43,486 

records with Camden Local Property Gazetteer (LPG) for allocating a 'North' and 'East' 

geographical coordinator to each record, the number of records decreased to 43,472 

records. This figure is the final number of the target population, and has been used for 

all stages of this research. Figure 3.4 shows an illustration of the process of data 

preparation of the population aged 50 years and above in Camden. 
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Figure 3.4 process of data preparation of the population over 50 years old in Ca m den 

using the GP-registration li st 

3.3.4 Council tax 

Total number of people on the GP
Registration = 181,749 

Age over 50 = 40,979 

302 records without address 
(excluded) -7 40,677 

398 records from residential care 
homes (excluded) -7 40,279 

2,982 records of Mortality + 225 
records of hospital admission added to 

GP records -7 43486 

In cross checking with LPG for finding 
GIS coordinators, 14 didn't match -7 

Final number of records (Population) 
= 43472 

The Council tax table includes more than 95,000 records belonging to all residential 

properties with complete address, postcode, tax band and UPRN . This table has been 

Used to extract a tax band for the records in population, morta lity and hospital 

admission tables. Once the UPRN was allocated, linking them to the council tax table 

Was achieved without any problems. 

3.3.5 Council property 

This table includes more than 56,000 properties. It has been used to distinguish the 

counci I property from other type of properties. 
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3.3.6 Local Property Gazetteer (LPG) 

This table includes the details of all properties in Camden with a UPRN. It has been 

used to extract a UPRN for all other data sources by cross checking using address and 

Postcode. The geographical coordinates ('Northing' & 'Easting') were also extracted 

from LPG for other data sources. 

3.3.7 Social services Data 

There was a considerable gap (approximately 18 months) in the period oftime between 

gaining access to the Social Service data and other data sources, as described above. 

Therefore it was the last data source to be prepared and integrated into the main data 

source (population). 

The total number of records provided by the Department of Social Services in the LB 

of Camden for people aged 50 years old or more was 7,223 records. This list includes 

everyone who had been in contact with the social services at any period of time 

between 0110112002 and 31112/2004 (three years). The start and end date of the service 

could be any date as long as it covers any period of time during the three years. 

Therefore this list includes some cases with the start date of being in contact with ._ 

social services as earfy as 1970 and many cases who were in contact by the time the list 

Was provided for this study (31 sI of March 2006). 

Preparing social services data 

In order to integrate the social services data with the population data for further 

analysis, the following steps were taken: 

i) The total list of records was filtered by 'Date of Birth' and 'Postcode' in order to 

identify any duplicate records. After filtering the records by 'DOB' & 'Postcode', 

7,188 records were returned. 

ii) The postcodes of all records extracted in step 'i' were cross checked with the 

Camden postcode.s. The postCodes for around 900 records of social servi~es could not 

be matched with the Camden postcodes, (either belonging to other boroughs or the 
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Postcode was wrongly entered), and as a result these records were dropped. Therefore 

the total number of record~ with a Cam den postcode was reduced to 6,280. 

iii) The 6,280 records with a Cam den postcode were cross checked with the list of the 

entire population of Camden aged 50 years and above (43,472) in several steps, as 

follows: 

a) First it was cross checked across four variables: First Name, Surname, DOB 

and Postcodes. It returned 2,439 matched records of individuals. 

b) After excluding 2,439 matched records extracted in the previous stage from 

the total 7188 records of Social Service, the reminder of the records (4,749 

records) were cross checked with the population list, but this time with three 

variables: Surname, DOB and Postcode. The number of the matched records 

at this stage was 573 records. 

c) The 573 records extracted in '3b' were excluded from the above 4,749 

records and the reminder of the social services records (4,176 records) were 

again cross checked with the population records by three factors: First Name, 

DOB and Postcode. The output of this stage was 200 more matched records. 

d) The above procedures were repeated once again with 3,976 records of social 

services and the population by using two factors: DOB and Postcode ·only. 

This operation returned 108 matches. 

iv) The output of four stages in '3c' were added together (providing 3,320 records). 

These records were checked for duplication once again and 16 duplicate records were 

found and removed from the list. The final list of matched records of social services 

and population contains 3,304 cases. 

After the completion the above four stages (i-iv) a column representing the variable 'In 

COntact with social services' for the final list of the matched records (3,304 individuals) 

Was added to the population list. A number' l' for those who had been in. contact with 

the social services and a '0' for those who had not been in contact with social services 
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Were entered into the column. The process of Social Service data preparation is 

illustrated in Figure 3. 5. 

Figure 3.5 process of data preparation for social services data 

Cross checking 
6,280 records 

with Population 
records by F

Name, S-Name, 
DOB and 

Postcode;-7 
2,439 

Total number of records from Social 
Services for over 50s= 7,223 

After excluding the duplicate 
records -7 7,188 

-

Selecting records with Camden 
postcodes -7 6280 

Cross checking 
the reminder 
(6280-2439 = 

4749) with 
Population 

records by S-
Name, DOB and 
Postcode;-7 573 

~ -

Cross checking 
the reminder 

(4749 - 573 = 
4176 with 
Population 

records by F-
Name, DOB and 
Postcode;-7 200 

Sum of the output of the above 4 
steps (2439 + 573 + 200 + 108) 

= 3320 
~. 1 --
Final check for duplicate (16 
records) and excluding them. 

Final number of records= 3304 

Cross checking 
the reminder 

(4176 - 200 = 
3976 with 
Population 
records by 
DOB and 

Postcode;-7 108 

The decision to focus on the non-insti tutionalised population of Camden aged 50 yea rs 

and above was as a direct consequence of the broad policy aim of the project which 

was to increase the chance of thi s group remaining independent and able to stay in their 

homes. Any institutionalised people in this age group were exc luded from the list of 

the population. A more comprehensive explanation for the exc lusion of 

institutionalized people from the analysis will now be found in Section 3.4. 

3.4 Population coverage 
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Excluding the institutional ised people from the entire list of the population could be a 

Source of bias if the ana lyst is interested in making broad general inferences for all 

people aged over 50 years. Figure 3.6 shows the number of males and females in 

residential care homes by age in Camden. 

The mid-year ONS popu lation estimates fo r 2003 (Office for Nationa l Statistics, 

2004b) shows that for those over 50 years old, the number of females outnumber 

males .. Both Figure 3.6 ' a ' and ' b' shows that for those aged under 75 years old, the 

number of males in residential care homes is higher than females while for those aged 

OVer 75 years old this reverses. 

Figure 3.6 Number of people in residential care homes by gender & age in Camden 
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Grundy & Sloggett (2003) state that excluding institutionalised persons from sample 

may cause a bias. They add " ... single persons, persons with poor health and women 

are more likely to be in a nursing home and thus they are more likely to be 

underrepresented in the sample". This bias was also assessed by Huisman, Kunst & 

Ackenbach (2003). Their finding shows that excluding institutionalized persons from 

sample will lead to underestimation of socioeconomic health differences in older ages. 

However, in this analysis presented in this thesis I am attempting to identify 

opportunities to review social service intervention and practice in order to prevent 

admission to residential care and thereby enabling people to live independently in their 

OWn homes. Therefore the institutional population is not considered to be 'in scope' for 

the purposes of this study. 

The analysis of the resulting data will now be discussed in part-II (Chapters 4,5 and 6). 
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PARTII 

ANALYSIS, 

EVALUATION & FINDINGS 
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4 Findings using risk ladders 

4.1 Introduction 

A definition of the risk ladder was provided in Chapter-2. in which it was shown that 

the observed risk/probability of death,pi for a particular combination, 'i 'can be 

calculated by: 

(4.1) 

Where Xi and ni are respectively the reported number of deaths and the entire number 

of individuals in the combination' i' , with a standard error given by: 

(4.2) 

And the confidence interval for a 95% level of accuracy, assuming the normal 

approximation for binary outcome (Altman, 1999), can be calculated by: 

(4.3) 

In this chapter the analysis of data with risk ladder methodology will be illustrated. In 

Section 2 the observed risk of mortality using seven factors extracted from Camden' s 

administrative data sources will be discussed first. In Section-3, the outcome of risk 

ladder analysis in Section-2 will be illustrated for various maps of Cam den. Section-4 

will follow the same procedure as Section-2 by changing the outcome variable from 

'mortality' to 'being in contact with social services'. To assess the appropriateness of 

the targeted population for service delivery, in Section-5 the risk of mortality for 

different groups (provided in Section-2) will be compared with the probability/chance 

of being in contact with social services (provided in Section-4), for the same group. 

Finally in Section-6 some statistical implications in relation to the interval estimation 

for the binomial proportions will be discussed. 
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In this chapter four risk ladder analyses for each outcome variable (Mortality and 

Social services) will be reported. Each risk ladder for different outcome variables will 

includes the following factors: 

• The four basic socio- demographic factors 

• The four basic socio- demographic factors together with the incidence of Falls 

• The four basic socio- demographic factors together with the incidence of 

Ischemic Heart-Disease 

• The four basic socio- demographic factors together with the incidence of Stroke 

For outcome variable 'Mortality', a fifth risk ladder with seven factors will also be 

reported. This includes 4 basic socio- demographic factors together with the incidence 

of all three causes of hospital admission (falls, heart disease and strokes). 

The first risk ladder is based on four socio-demographic factors; gender, age, housing 

tenure and council tax bands for which there are 16 (24) different risk factor 

combinations. In the subsequent risk ladder applications one of the causes of hospital 

admission; falls, strokes and ischemic heart disease, were added one at a time to the 

four basic factors, thus producing 32 combinations for each risk ladder. The number of 

Possible combinations in the fifth risk ladder is 128 (2 7
). In practice some of these 

combinations do not include any records, or include only a few records,· and these .

combinations have b~en omitted leaving a total of 63 combinations. 

For the sake of clarity the initial exposition of risk ladder analysis it was decided to use 

binary data for all variables. This will be relaxed in subsequent sections. Where the 

likelihood of the occurrence and the magnitude of the probability of an adverse event 

are typically lower the variable is coded '0', otherwise '1'. Thus applying the above 

rule, gender has been coded to female = 0 and male = 1, age to '0' if is equal or greater 

than 50 and less than 70 (50:::: age <70) and' l' if is greater than 69 years old. Housing 

tenure has been coded as owner/private rented = 0 and social housing (council housing 

or housing association) = 1. If an address is rated as council tax band D-H (higher 

bands), it has been coded '0' and' l' for A-C (lower bands). Those admitted to hospital 

at least once for Falls, Stroke or Heart disease, are coded' 1 " else '0'. Those who are 

known to the social services are coded' l' otherwise, '0'. 
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Clearly when using a binary division for age there could be some arb itrariness. 

Typically researchers have used state retirement age as a boundary (Manhapra et aI. , 

2004; Svendsen et aI. , 2004; Sjosten et aI., 2007). However in recent years the 

changing nature of retirement coupled with increasing retirement age can be traced to 

Increases in life expectancy. Leibfritz (2008), [Department of Econom ics, The 

Organisation for Economic Co-operation and Development (OECD)] states " In the 

next 50 years, low ferti lity rates and rising life expectancy in OECD countries will 

cause this old-age dependency (retirees depending on the funding of those in work for 

their income) rate to roughly double in size". He also continues that Life expectancy at 

the average effective retirement age can be as high as 18-20 years; about a third longer 

than it was 30 years ago. It is projected to increase further and therefore the retirement 

period wi ll lengthen unless retirement itself is delayed. Effective retirement age also 

automatically adjusts with rising life expectancy. Figure 4.1 compares the li fe 

expectancy after retirement age in 1970 and 1999 for both men and women. 

Figure 4.1 Life expectancy after retirement age in 1970 and 1999 for both men and 
women for se lected OECD countries' 

Livi n 9 longer 
Life expectancy after retirement age in 1970 and 1999 
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In the UK the Work and Pensions Secretary, John Hutton, said the state retirement 

age, which is set to be 65 for men and women by 2020, will rise to 66 between 2024 
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and 2026, to 67 between 2034 and 2036 and to 68 between 2044 and 2046 (Hillary 

Os borne and agencies, 2006) 

A logistic regression analysis for mortality with four socio-economic predictors was 

applied as a further empirical check on how to dichotomise age. In this model the age 

was defined as fi xed one year intervals for those aged between 50 to 90 years old in LB 

of Camden in 2002-2004. The odds ratios for each year of age were plotted to explore 

to what extent there might be ' natural step-change ' in the OR and to see which age 

boundary would be the most appropriate cut point for creation of a binary variable for 

age. The output of the model is presented in Figure 4.2. All cases with age above 90 

years old are excluded from the illustration as there were not enough cases for the 

analysis. 

Figure 4.2 Graph representation of odds ratios of age from 50 to 90 years old extracted 
from logistic regression modelling with 4 socio-economic factors and mortality 

outcome 
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The graph in Figure 4.2 provides an empirical rationale that the growth of OR after age 

69170 tends to rise much faster than before thi s age and therefore has been chosen as 
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the cut point for binary age. The arrow in the above graph shows the point at which it 

was judged to make a binary division at age 70 years. Additional dotted lines show 

how the OR changes at 65 years and 75 years. Broadly, the OR begins a steeper ascent 

after 70 years. 

The construction of the variable for housing tenure consists of two categories: 

'owner/private rented' and 'social housing (council housing or housing association),. 

The collapsing of owner occupier and private rented contradicts the accepted practice 

of separating owner occupiers from other categories of tenure. Owner-occupiers are on 

aggregate, the tenure group with the greatest financial resources, in terms of both 

wealth and income (Dorling et aI., 2001), they have significantly greater monthly 

household income adjusted for family size (Macintyre et aI., 2001) and are more likely 

to have better health related quality of life than those in rented homes (Breeze et aI., 

2004). White et al. (2006) also show that the risk of death for men in private rented or 

social housing is higher than the men in owner occupied tenure. 

Available administrative data held by the council was presented in this format and 

therefore it was not possible to separate 'private housing' into owner occupiers and 

those living in private rented accommodation. The source data consisted of a list of 

households in the social housing sector (including council plus registered social 

landlords) and the Local Property Gazetteer (LPG) containing a list of residential 

addresses. The residual ('LPG' minus the 'social housing') was taken to represent 

private housing. There is no way of telling whether these properties are rented out, 

Wholly or partially owned. Therefore the research had to rely on the single split: social 

or owner/privately rented. The likely consequence will be to underestimate the 

advantage of living in owner occupancy and to mask the disadvantage of living in 

private rented (as distinct from social housing). This could be quite dramatic in 

individual cases where some owner occupied properties are amongst some of the most 

expensive in the world (e.g. Hampstead) and in certain area in the privately rented 

sector (e.g. Somer's Town). Further discussion on this issue and investigation about the 

Possible consequences of collapsing these categories is also taken up again in Section 

8.3 (Discussion) Pages 182-184. 
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Shading in the risk ladders represent the different age groups (for example age 50-69 

years light grey, and equal or greater than 70, 'dark grey'). All risk ladders are sorted 

in ascending order by the level of risk (or probability). The reason for shading the risk 

ladders is to assist in identifying each factor with sequences of cells with the same 

binary value (0 or 1). Where the sequences are located at the bottom of each column, it 

shows higher impact of that factor in terms of risk or probability. Where the confidence 

interval includes values greater than or equal to one or less than or equal to zero 

(indication of the sample size being small), the entire row in the risk ladder is 

highlighted by dark grey. 

Before creating the risk ladders, a cross tabulation of the mortality records with causes 

of hospitalization was undertaken. Table 4.1 shows the number of deaths and the 

population in different combination of the three selected causes of hospital admission. 

The observed probability or risk of mortality for each group (category) is also shown. 

The letters 'F, I & S' represent 'Falls, Ischemic heart disease and Stroke' respectively. 

Under the column titled 'Cause', those individuals who do not have any record of 

hospital admission as a result of any causes of hospital admissions (FIS) are entered as 

'NULL' . 

Table 4.1 percentage of recorded deaths according to three different causes of 
hospital admissions (FJS) for 2002-04 

Frequency Probability Conf. Interval 
Cause of Death Population I (Risk) of death (95%) 
NULL 2630 41249 6.40% 6.16% 6.64% 
F 186 775 24 .00% 20 .99% 27 .01% 
I 142 805 17.60% 14.97% 20.23% 
S 164 471 34 .80% 30.50% 39.10% 
A 11 39 28 .20% 14 .08% 42 .32% 
FS 30 67 44 .80% 32 .89% 56 .71% 
IS 24 62 38 .70% 26.58% 50.82% 
AS 1 4 25.00% ·17.44% 67.44% 

Total 3188 43472 7.30% 7.06% 7.54% 

Coding Scheme 

F=Faiis I I = Ischemic Heart Disease 

S-Storke IConf.lnterval=Confidence Interva l 

The table shows that the risk of death for those who had no record of hospital 

admission 6.4% (no 'F', '1' or ' S') to 44.8% for those with at least one hospital 
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admission for Falls and one for Stroke. Between these extremes, Ischemic heart 

disease with 17.6% is associated with the lowest level, and Stroke with 34.8% with the 

highest. The number of people at risk of mortality where an admission for three 

diagnoses were recorded was extremely small and therefore the result is not considered 

reliable9
• I will now go on to consider explicit findings for risk ladders. 

---------------------~ 
9 Lower bound of confidence interval is negative clearly suggesting that· conventional 
assumptions about the distribution are not valid. 
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4.2 Risk ladder analysis of Camden 's Mortality data (2002-04) 

4.2.1 Risk ladder-1.1 with four basic factors 

Table 4.2 illustrates a risk ladder with four basic risk factors. The observed risks have 

been sorted in ascending order and vary from 1.4% to 21.3% for different 

combinations of the 4 factors. For example, the sequence '0000' (columns 2 to 5) is 

read as 'age less than 70 years old, female, living in private housing and in high tax 

bands (D-H). For the highest level of risk in the row number 16, the code is' 1111 ' 

which will be interpreted as 'aged over 69 years old, male, living in social housing 

with a low tax band (A-C). 

Table 4.2 Risk ladder-I. 1 ; risk of mortality with four basic socio-demographic factors 

By sorting the risk in ascending order in risk ladder-I. 1, the 8 groups with higher level 

of risk are all in the older age group, coded '1', and 8 groups with lower risk are in the 

younger age group, coded '0'. The table thus confirms well known phenomenon that 

age plays an important role in predicting mortality. 

Another factor which appears to be associated with mortality is a person's council tax 

band. People Iiv(ng in the lower tax bands (coded' 1 '), in both age groups are at the 
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bottom of the ladder (with the higher levels of risk). Four out of five combinations of 

people in older age group (70 years old and above) and three out of 4 combinations in 

younger age group (50 - 69) with highest level of risk are those living in lower tax 

bands (A-C). 

Turning to gender, the risk of mortality for male is typically (but not always) higher 

than female. The three combinations with highest risk of mortality all comprise males. 

Social housing is also associated with a higher risk of mortality. In age group 50-69, 

four out of five combinations with highest risk live in social housing. For those aged 70 

years and above, there is no obvious tendency for social housing to confer greater risk. 

This could be because advancing years decreases the differences in socioeconomic 

mortality (Hoffmann, 2005; Liang et aI., 2002; Marmot & Shipley, 1996), but it could 

also be a result of reduction in the importance of socioeconomic differences in old age. 

4.2.2 Risk ladder-1.2 with four basic factors and the incidence of an admission for 

a 'Fall' 

By adding a hospital admission factor (Fall) to the previous four socio-economic 

factors, the number of factors now increase to five and the number of risk ladder 

combinations to 32 (s~e Table 4.3). 

As we can see in the risk ladder in Table 4.3, 'falls' are directly related to age. After 

Sorting risk into ascending order, nine combinations includes the older age group 

(those aged 70 years or more), are located at the bottom of the table. The table shows 

1.3% for the lowest level of risk (best case) and 43.2% for the worst case 

combinations. 

After age the next factor showing a clear impact on the risk of mortality is 

experiencing a 'fall'. Eight combinations with highest risk (at the bottom of the table) 

include those who were admitted to hospital at least once during 2002-04 as a 

Consequence of a fall. 

81 



Turning to gender, four out of five combinations with the highest risk include men. The 

table does not show a strong relationship with the tax band but for tenure it shows that 

three out of four groups with highest risk live in private housing. 

Table 4.3 Risk ladder-l.2; risk of mortality with four basic socio-demographic factors 
and the incidence of an admission for a fall 

No. of Observed 

Seq Age Gender Tenure Tax Band Fall Death Population Risk Conf.lnterval 

1 0 0 0 1 1 0 2 0.0% 0.0% 0.0% 
2 0 0 0 0 0 81 6044 1.3% 1.1% 1.6% 
3 0 0 0 1 0 9 496 1.8% 0.6% 3.0% 
4 0 1 0 0 0 129 7045 1.8% 1.5% 2.1% 
5 0 0 1 0 0 87 4241 2.1% 1.6% 2.5% 
6 0 0 1 1 0 89 2840 3.1% 2.5% 3.8% 
7 0 1 1 0 0 148 3917 3.8% 3.2% 4.4% 
8 0 1 0 1 0 28 725 3.9% 2.5% 5.3% 
9 0 1 1 1 0 177 3376 5.2% 4.5% 6.0% 

' 10 01 ' 0 .' 1 I·' .: .' 0 1 2 27 7.4% -2.5% 17.3% 
11 '. 0 :. 1 · 1 0 1 3 32 9.4% -0.7% 19.5% 
12 1 0 1 0 0 287 2212 13.0% 11 .6% 14.4% 
13 1 1 0 0 0 350 2501 14.0% 12.6% 15.4% 
14 1 0 0 0 0 413 2937 14.1% 12.8% 15.3% 
15 1 0 0 1 0 47 289 16.3% 12.0% 20.5% 
16 0 0 1 1 1 4 24 16.7% 1.8% 31 .6% 
17 0 1 0 0 1 6 36 16.7% 4.5% 28.8% 
18 0 1 1 1 1 8 47 17.0% 6.3% 27.8% 
19 1 0 1 1 0 402 2345 17.1% 15.6% 18.7% 
20 1 1 1 0 0 300 1624 18.5% 16.6% 20.4% 
21 1 1 0 1 0 45 238 18.9% 13.9% 23.9% 
22 0 0 0 0 1 6 30 20.0% 5.7% 34.3% 

23 0 1 0 1 1 1 5 20.0% -15.1% 55.1% 
24 1 1 1 1 0 368 1757 20.9% 19.0% 22.8% 

. 25 1 0 1 1 1 36 141 25.5% 18.3% 32.7% 
26 1 0 0 0 1 45 176 25.6% 19.1% 32.0% 
27 1 0 1 0 . 1 38 142 26.8% 19.5% 34.0% 
28 ,,,: 

1 1 1 1 1 23 77 29.9% 19.6% 40.1% 
29 1 1 0 0 1 24 70 34.3% 23.2% 45.4% 

30 1 1 0 1 1 4 10 40.0% 9.6% 70.4% 

31 1 0 0 1 1 9 22 40.9% 20.4% 61 .5% 
32 1 1 1 0 1 19 44 43.2% 28.5% 57.8% 

14585 21504 22846 12394 885 3188 43472 7.3% 7.1% 7.6% 

4.2.3 Risk ladder-1.3 with four basic factors and the incidence of an admission for 

'Ischemic Heart-Disease' 

In the next table (Ischemic heart disease) replaces fall s. Table 4.4 illustrates a risk 

ladder for these combinations which include the previous socio-economic factors. In 

this case the level of risk between best and worst group varies from 1.4% to 57.1 %. 
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As in previous cases, the impact of age is very strong as might be expected. After 

sorting the risk in ascending order, all combinations of factors for the older age group 

(16 combinations) are located at the bottom of the table. 

Table 4.4 Risk ladder-I.3; risk of mortality with four basic socio-demographic factors 
and Ischemic heart disease 

Tax Heart NO. or uoservea 
Seq Age Gender Tenure Band Disease Death Population Risk Conf.lnterval 

1 0 0 0 1 1 3 0.0% 0.0% 0.0% 
2 0 0 0 0 0 85 6050 1.4% 1.1% 1.7% 
3 0 0 0 1 0 9 495 1.8% 0.6% 3.0% 
4 0 1 0 0 0 128 7026 1.8% 1.5% 2.1% 
5 0 0 1 0 0 87 4223 2.1% 1.6% 2.5% 
6 0 0 1 1 0 90 2830 3.2% 2.5% 3.8% 
7 0 1 1 0 0 144 3841 3.7% 3.1% 4.3% 
8 0 1 0 1 0 28 721 3.9% 2.5% 5.3% 
9 0 '. 0 1 0 1 2 45 4.4% -1 .6% 10.5% 

10 0 1 1 1 0 176 3331 5.3% 4.5% 6.0% 
11 0 1 1 0 1 7 108 6.5% 1.8% 11 .1% 
12 0 0 . 0 0 1 2 24 8.3% -2.7% 19.4% 

,13 ,:, ." 0 
" 

:, 0 , '·;::1 I ·;, 1 i ,.< .: 1 ~3 I ·" 34 8.8% -0.7% 18.4% 
14 0 1 1 1 1 9 92 9.8% 3.7% 15.9% 
15 ,;',;' 0 :.' "/. 1 " .• :.~'O I', ' .. , 1 I .'.\~' C'" 1 '-"- :' '·':1 I, f 9 11.1% -9.4% 31.6% 
16 0 1 0 0 1 7 55 12.7% 3.9% 21 .5% 
17 ... ' 1 0 1 0 0 305 2267 13.5% 12.0% 14.9% 
18 1 1 0 0 0 350 2481 14.1% 12.7% 15.5% 
19 1,.,- , 1 0 0 0 0 437 3042 14.4% 13.1% 15.6% 
201 : • 1 0 1 1 0 407 2383 17.1% 15.6% 18.6% 
21 

.... 
1 0 0 1 0 52 304 17.1% 12.9% 21 .3% 

22 1 1 1 0 0 293 1576 18.6% 16.7% 20.5% 
23 1 1 0 1 0 46 240 19.2% 14.2% 24.1% 
24 1 ·1 1 1 0 373 1752 21 .3% 19.4% 23.2% 
25 1 1 1 1 1 18 82 22.0% 13.0% 30.9% 

26 1 0 1 0 1 20 87 23.0% 14.1 % 31 .8% 
27 1 1 0 0 1 24 90 26.7% 17.5% 35.8% 

28 1 1 1 0 1 26 92 28.3% 19.1% 37 .5% 

29 1 0 0 0 1 21 71 29.6% 19.0% 40.2% 

30 1 0 1 1 1 31 103 30.1% 21 .2% 39.0% 

31 1 1 0 1 1 3 8 37.5% 4.0% 71 .0% 
32 1 0 0 1 1 4 7 57.1% 20.5% 93.8% 

14585 21504 22846 12394 910 3188 43472 7.3% 7.1% 7.6% 

In the 'Ischemic heart-disease' factor in this risk ladder, for older age, eight groups 

with highest risk (out of 16 different combinations), were admitted to hospital at least 

once in the period 2002-04. For the younger age group, six out of 16 combinations 

inclUded at least one admission for Ischemic heart-disease. 
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For the variable 'council tax band', three combinations of people with highest risk of 

mortality are living in lower tax bands. Drawing conclusions based on gender and 

tenure in this risk ladder is difficult as there is no obvious separation of effect. 

4.2.4 Risk ladder-l.4 with four basic factors and the incidence of an admission for 

'Stroke' 

By adding stroke to the first four socio-economic variables another risk ladder with 32 

combinations was produced (see Table 4.5). 

Table 4.5 Risk ladder-I.4; risk of mortality with four basic socio-demographic factors 

and Stroke 

No. of Observed 

Seq Age Gender Tenure Tax Band Strokes Death Population Risk Conf.lnterval 

. 1 0 0 0 1 1 0 2 0.0% 0.0% 0.0% 

2 1 1 0 1 1 1 0.0% 0.0% 0.0% 

3 0 0 0 0 0 82 6058 1.4% 1.1% 1.6% 

4 0 0 0 1 0 9 496 1.8% 0.6% 3.0% 

5 0 1 0 0 0 130 7056 1.8% 1.5% 2.2% 

6 0 0 1 0 0 85 4241 2.0% 1.6% 2.4% 

7 0 0 1 1 0 88 2843 3.1% 2.5% 3.7% 

8 0 1 1 0 0 133 3898 3.4% 2.8% 4.0% 

9 0 1 0 1 0 27 726 3.7% 2.3% 5.1% 

10 0 1 1 1 0 174 3376 5.2% 4.4% 5.9% 

11 1 0 1 0 0 297 2296 12.9% 11 .6% 14.3% 

12 1 0 0 0 0 423 3028 14.0% 12.7% 15.2% 

13 1 1 0 0 0 351 2510 14.0% 12.6% 15.3% 

14 0 0 1 0 1 4 27 14.8% 1.4% 28.2% 

15 1 0 1 1 0 403 2416 16.7% 15.2% 18.2% 

16 1 0 0 1 0 52 306 17.0% 12.8% 21 .2% 

17 1 1 1 0 0 303 1604 18.9% 17.0% 20.8% 

18 1 1 0 1 0 49 247 19.8% 14.9% 24.8% 

19 0 1 0 0 1 5 25 20.0% 4.3% 35.7% 

20 1 1 1 1 0 363 1767 20.5% 18.7% 22.4% 

21 0 1 1 1 1 11 47 23.4% 11 .3% 35.5% 

22 0 0 1 1 1 5 21 23.8% 5.6% 42.0% 

23 1 1 1 0 1 16 64 25.0% 14.4% 35.6% 

24 0 0 0 0 1 5 16 31 .3% 8.5% 54.0% 

25 0 1 1 0 1 18 51 35.3% 22.2% 48.4% 

26 1 1 0 0 1 23 61 37.7% 25.5% 49.9% 

27 1 0 0 _ 0 1 35 85 41 .2% 30.7% 51 .6% 

28 1 1 1 1 1 28 67 41 .8% 30.0% 53.6% 

29 1 0 1 0 1 28 58 48.3% 35.4% 61 .1% 

30 1 0 1 1 1 35 70 50.0% 38.3% 61.7% 

31 0 1 0 1 1 2 4 50.0% 1.0% 99.0% 

32 1 0 0 1 1 4 5 80.0% 44.9% 115.1% 

14585 21504 22846 12394 604 3188 43472 7.3% 7.1% 7.6% 
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For two combinations in this risk ladder there is no report of any deaths and the 

number of deaths for one of the combinations is relatively small. While the observed 

risk for cases at lowest risk (a combination of people under 70 years old; females; 

living in private housing; those that live in higher council tax band properties; and 

those who were not admitted to the hospital for stroke) is 1.4%, whereas for the highest 

risk cases (which is a combination of: people under 70 years old; males; those living 

in private housing; those living in lower council tax bands; and those admitted to the 

hospital at least once for stroke) it increases to 50%. 

Age is not as influential as it was for the two previous risk ladders. Six out of seven 

combinations with highest risk fall in the older age group. Gender does not appear to 

be an important influence in this risk ladder. With regards to the council tax band, four 

out of five groups with highest level of risk are those living in lower tax bands (A-C) 

and three groups at the bottom of the table are those living in social housing. The most 

powerful factor in this risk ladder is 'stroke'. Twelve groups (combinations) with 

highest level of risk of mortality are those who had at least one stroke during 2002 -

04. 

4.2.5 Risk ladder-1.5 with seven factors (4 socio-demographic factors and 3 causes 

of hospital admissions) 

The· final risk ladder includes seven risk factors including the four socio-economic 

factors plus all three causes of hospital admissions (FIS). The total number of 

combinations for this risk ladder is now 128 (2 7 ). By distributing 3188 deaths across 

these combinations, in 69 groups the number of deaths or population is zero or very 

small (with the confidence interval including values greater than or equal to one or less 

than or equal to zero). These cases have been omitted reducing the numbers of 

combinations from 128 to 59 (to less than halt). Note that the omitted groups only 

include 50 deaths out of the total number of 3188 deaths (1.6%), which is not expected 

to have a large effect on the conclusion. The results are shown in Table 4.6. 
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The number of rows (combinations) in Table 4.6 is relatively high but as we are more 

interested in the combinations at the bottom of table some rows (falling between 6 and 

44) are omitted and marked by a break. The risk of mortality for different 

combinations in risk ladder-1.5 now varies from 1.2% to 57%10. 

Age remains one of the most influentia l factors, as might be expected, given previous 

risk ladders. Most of the combinations located at the bottom of the table fall in the 

older age group. 

Table 4.6 Risk ladder-1.5; risk of mortality with four basic socio-demographic factors 
and the incidence of up to 3 causes of hospital admissions (PIS) 

Tax Heart No. of Observed 

S~ Age Gender Tenure Band Fall Disease Stroke Death Population Risk Conf.interval 

1 0 0 0 0 0 0 0 75 6005 1.2% 1.0% 1.5% 

2 0 1 0 0 0 0 0 119 6968 1.7% 1.4% 2.0% 

3 0 0 0 1 0 0 0 9 491 1.8% 0.6% 3.0% 

4 0 0 1 0 0 0 0 81 4171 1.9% 1.5% 2.4% 

5 0 0 1 1 0 0 0 81 2788 2.9% 2.3% 3.5% 

45 1 0 0 0 0 0 1 23 60 38.3% 26.0% 50.6% 

46 1 1 1 0 1 0 0 15 39 38.5% 23.2% 53.7% 

47 1 0 0 0 1 0 1 7 18 38.9% 16.4% 61.4% 

48 0 1 1 0 0 0 1 16 41 39.0% 24.1 % 54.0% 

49 1 1 1 1 0 0 1 19 48 39.6% 25.7% 53.4% 

50 1 :. 1 0 0 1 0 1 3 7 42.9% 6 .2% 79.5% 

51 1 '. 1 0 1 0 1 ., 0 3 7 42.9% 6 .2% 79.5% 

52 ,. 1 1. 0 " l ' 1 0 0 4 9 44.4% 12.0% 76.9% 

53 1 . l ' .1 1 0 1 1 5 11 45.5% 16.0% 74.9% 

54 0 1 0 1 0 0 1 2 4 50.0% 1.0% 99.0% 

55 1 1 0 0 0 1 1 4 8 50.0% 15.4% 84.6% 

56 1 ' 0 1 1 0 0 1 '. 26 51 51 .0% 37.3% 64.7% 

57 1 0 1 0 0 0 1 23 45 51.1 % 36.5% 65.7% 

58 1 0 1 1 1 0 1 7 13 53.8% 26.7% 80.9% 

59 1 1 1 1 1 0 1 4 7 57.1% 20.5% 93.8% 

14585 21504 22846 12394 885 910 604 3188 43472 7.33% 7.1% 7.6% 

It is difficult to provide firm evidence of differential risk between male and female, at 

the bottom of the risk ladder (e.g. the last ten combinations). However, if we look at all 

cases from row 45 onwards we can see that men tend to be at higher risk than women. 

For tenure it is also difficult to draw comparisons between those living in social 

housing and private housing. Making any conclusion about differences in tax bands 

from risk ladder-I.5 also is not straightforward. The majority of groups who are 

10 Note: there is a break in the table of sequences (for convenient). 
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located at the bottom of the list (with highest risk of mortality) are those groups who 

were admitted to the hospital at least twice, each time for different cause (e.g. for fall 

and stroke or ischemic heart disease and stroke etc). Between the three causes of 

hospital admissions, stroke is the most influential factor and compared to all seven 

factors in this risk ladder, it is as powerful as age. 

4.2.6 A risk ladder with different age dichotomy (current retirement age of 65 and 

66+) 

The reason for choosing the age dichotomy of 50- 69 and age 70 was discussed earlier 

in Section 4.1 However for the purpose of further investigation, a risk ladder with a 

different age dichotomy (50-65 years old and 66+) will be included here as a 'quick' or 

'crude' sensitivity check on the findings. Table 4.7 below shows a risk ladder with four 

socio-economic factors and outcome morta lity with binary age 50-65 years and 66+ 

(identical to risk ladder 1.1 in Table 4.2). 

Table 4.7 Risk ladder-1.6 A risk ladder with 4 socio-economic factors and outcome 
mortality with binary age 50-65 years = 0 and 66+ years = 1 

(equivalent to risk ladder 1.1 in Table 4.2) 

Mortality Risk with 4 basic factors 

Tax Combination Number Populat Observed Conf.lnterval 

S~ Age Gender Tenure Band 'AGTB' of Death ion Risk L. Bound U.Bound 

1 0 0 0 0 0000 63 5223 1.2% 0.9% 1.5% 

2 0 0 0 1 0001 6 428 1.4% 0.3% 2.5% 

3 0 1 0 0 0100 93 6168 1.5% 1.2% 1.8% 

4 0 0 1 0 0010 67 3626 1.8% 1.4% 2.3% 

5 0 0 1 1 0011 60 2318 2.6% 1.9% 3.2% 

6 0 1 1 0 0110 101 3305 3.1% 2.5% 3.6% 

7 0 1 0 1 0101 20 634 3.2% 1.8% 4.5% 

8 0 1 1 1 0111 137 2908 4.7% 3.9% 5.5% 

9 1 0 1 0 1010 347 2996 11 .6% 10.4% 12.7% 

10 1 1 0 0 1100 416 3484 11 .9% 10.9% 13.0% 

11 1 0 0 0 1000 482 3964 12.2% 11 .1% 13.2% 

12 1 0 1 1 1011 59 381 15.5% 11 .9% 19.1% 

13 1 0 0 1 1001 471 3032 15.5% 14.2% 16.8% 

14 1 1 1 0 1110 369 2312 16.0% 14.5% 17.5% 

15 1 1 0 1 1101 58 344 16.9% 12.9% 20.8% 

16 1 1 1 1 1111 439 2349 18.7% 17.1% 20.3% 

18862 21504 22846 12394 3188 43472 7.3% 7.1% 7.6% 

DiChotomising age at 69 years compared to 65 has a very modest impact on the 

estimates of risk: the level of risk of mortality for the group of people with the lowest 
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risk decreases 0.2% (from 1.4% to 1.2%) and for those with the highest risk of 

mortality increases by 2:3% (from 18.7% to 21.3%). This alteration shows a steady 

change in level of risk and there is no evidence of a sudden jump in risk of mortality 

for the both best and worth cases. 

Next section includes risk ladder analysis using data from Camden's social services 

(2002-04). 
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4.3 Risk ladder analysis including data from Camden's social services 

(2002-04) 

Risk ladders in this section are similar to those discussed in the previous section 

(Section 2) apart from the outcome variable which is changed from 'Mortality' to 

'Being known to the social services' or 'Being in contact with social services'. I seek 

to identify whether there is a relationship between risk of mortality in the one hand and 

being in contact with social services in the other. A close relationship may indicate for 

example whether services are being well targeted. There are a range of services 

provided by the social services such as; day services, direct payments for purchasing 

care, equipment allocation, home based services, meals, nursing care, professional 

support, residential care, respite for carers, transport etc and a person may be in contact 

with the social services for one or more of these reasons. The aim of this analysis is not 

to go through a detailed explanation of different type of service. It is to assess the 

overall activities of the organization, its direction and the preferred service delivery for 

different groups of people based upon different combinations of risk factors. 

In the following sub-sections, the four risk ladders introduced earlier in this chapter 

will be analyzed. Hereafter the outcome variable 'Being known by or Being in contact 

with social services' as a column title in the tables will be replaced by 'social services' 

or 'SS'. In the following tables, the column title of 'Known to SS' represents the 

number of people from a specific combination in contact with 'SS' and letter 

probability is used as the label as previously for probability. 

4.3.1 Risk ladder-2.1 with four basic factors 

Risk ladder 2.1 illustrated in table 4.7, is identical to the risk ladder 1.1 (table 4.2) 

discussed in Section 2 except the outcome variable is changed from 'Mortality' in 1.1 

to 'social services' in 2.1. Table 4.7 is sorted by the value of the column' P of known 

to SS' in ascending order. It shows that all combinations of people in second age 

group (greater than or equal to 70) are located in the bottom of the table, similar to risk 

ladder 1.1 for the mortality outcome. 
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For the variable 'Gender' , the three combinations of people with the highest 

probability of receiving ~ocial services are females. 

Housing tenure for both age groups (under 70 and 70 years old or more) plays an 

important role. Four out of five groups with the highest probability of using services 

are living in social housing and are included in the combination of older age group 

(older than 69 years). It is also notable that for the younger age groups (50-69 years 

old); the four groups with the highest chance of being entitled to services are living in 

social housing. 

Table 4.8 Risk ladder-2.l including four basic socio-demographic factors and 'social 
services' as the outcome variable 

Tax Known P of Known 
Seq Age Gender Tenure Band to 'SS' Population to 'SS' Conf.lnterval 

1 0 1 0 0 60 7081 0.8% 0.6% 1.1% 
2 0 0 0 0 79 6074 1.3% 1.0% 1.6% 
3 0 0 0 1 11 498 2.2% 0.9% 3.5% 
4 0 1 0 1 19 730 2.6% 1.4% 3.8% 
5 0 1 1 0 147 3949 3.7% 3.1% 4 .3% 
6 0 0 1 0 168 4268 3.9% 3.4% 4.5% 
7 0 0 1 1 147 2864 5.1% 4.3% 5.9% 
8 0 1 1 1 188 3423 5.5% 4.7% 6.3% 
9 1 1 0 0 225 2571 8.8% 7.7% 9.8% 

10 1 1 0 1 26 248 10.5% 6.7% 14.3% 
11 , 1 0 0 0 440 3113 14.1% 12.9% 15.4% 
12 1 1 .', ' 1 0 249 1668 14.9% 13.2% 16.6% 
13 1 1 1 1 351 1834 19.1% 17.3% 20.9% 
14 1 , ·'· 0 0 .. ~ .. J 65 311 20.9% 16.4% 25.4% 
15 1 .. 0 1 0 492 2354 20.9% 19.3% 22.5% 
16 1 0 1 1 637 2486 25.6% 23.9% 27.3% 

14585 21504 22846 12394 3304 43472 7.6% 7.4% 7.8% 

The impact of the variable 'Council tax band ' in this risk ladder is also noticeable. For 

older age groups, three out of four and for younger age two groups with the highest 

probability of receiving social services are living in lower tax band properties. 

4.3.2 Risk ladder-2.2 with four basic factors and tbe incidence of an admission for 

a 'Fall' 
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In Risk ladder-2 .2 variable 'Fall' is added to the previous four socio-economic factors 

and the probability of different combinations (32 combinations) of five factors with the 

outcome variable of 'social services' is calculated. Risk ladder 2.2 is shown in table 

4.8 which is identical to risk ladder 1.2 of table 4.3. 

It is apparent that the variable 'Age ' yet again has an important role in determination of 

the social services resources, as is demonstrated in the column ' Age' in which the eight 

combinations with the highest probability of using social services resources are from 

the older age group. 

Table 4.9 Risk ladder-2.2 including four basic socio-demographic factors and the 
incidence of an admission for a fall with ' social services' as the outcome variable 

Tax Known P of Known 

Sea Aae Gender Tenure Band Fall to '55' Population to '55' Conf.lnterval 

1 0 1 0 0 0 56 7045 0.8% 0.6% 1.0% 

2 0 0 0 0 0 78 6044 1.3% 1.0% 1.6% 

3 0 0 0 1 0 10 496 2.0% 0.8% 3.3% 

4 0 1 0 1 0 18 725 2.5% 1.4% 3.6% 

5 0 0 o ' 0 1 1 30 3.3% -3.1% 9.8% 

6 0 1 1 0 0 143 3917 3.7% 3.1% 4.2% 

7 0 0 1 0 0 163 4241 3.8% 3.3% 4.4% 

8 0 0 1 1 0 142 2840 5.0% 4.2% 5.8% 

9 0 1 1 1 0 178 3376 5.3% 4.5% 6.0% 

10 1 1 0 0 0 196 2501 7.8% 6.8% 8.9% 

11 1 1 0 1 0 24 238 10.1% 6.3% 13.9% 

12 0 1 0 0 1 4 36 11 .1% 0.8% 21.4% 

13 0 1 1 0 1 4 32 12.5% 1.0% 24.0% 

14 1 0 0 0 0 372 2937 12.7% 11 .5% 13.9% 

15 1 1 1 0 0 234 1624 14.4% 12.7% 16.1% 

16 1 1 1 1 0 311 1757 17.7% 15.9% 19.5% 

17 1 0 0 1 0 53 289 18.3% 13.9% 22.8% 

18 0 0 1 0 1 5 27 18.5% 3.9% 33.2% 

19 1 0 1 0 0 426 2212 19.3% 17.6% 20.9% 

20 0 1 · 0 1 1 1 5 20.0% -15.1% 55.1% 

21 1 1 0 1 1 2 10 20.0% -4.8% 44.8% 

22 0 0 ; , 1 1 1 5 24 20.8% 4.6% 37.1% 

23 0 1 . 1 1 1 10 47 21 .3% 9.6% 33.0% 

24 1 0 ·1 1 0 563 2345 24.0% 22.3% 25.7% 

25 1 1 1 0 1 15 44 34.1% 20.1% 48.1% 

26 1 0 0 0 1 68 176 38.6% 31.4% 45.8% 

27 1 1 0 0 1 29 70 41.4% 29.9% 53.0% 

28 1 0 1 0 1 66 142 46.5% 38.3% 54.7% 

29 0 0 0 1 1 1 2 50.0% -19.3% 119.3% 

30 1 1 1 1 1 40 77 51 .9% 40.8% 63.1% 

31 1 0 1 1 1 74 141 52.5% 44.2% 60.7% 

32 1 0 0 1 1 12 22 54.5% 33.7% 75.4% 

14585 21504 22846 12394 885 3304 43472 7.6% 7.4% 7.8% 

For 'Gender' like the previous risk ladder the probability of females ' being in contact 

with social services' is higher than for males. 
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Although the highest probability of being in contact with social services is associated 

with private housing (wjth a probability of 54.5%), the majority of the combinations in 

the bottom half of the table are those groups of people living in social housing. 

Council tax band has a noticeable impact on the probability level, indicating that living 

in lower tax band properties increases the chance of being known to the social services. 

As highlighted in table 4.8, the strongest factor in determining the use of social 

services' resources is 'Fall'. If the rows highlighted with dark grey (with a confidence 

intervals including values greater than or equal to one or less than or equal to zero) are 

excluded, nine out of ten combinations with highest probability of being. in contact 

with social services are those who had at least one admission to the hospital because of 

'Fall'. 

4.3.3 Risk ladder-2.3 with four basic factors and the incidence of an admission for 

'Ischemic Heart-Disease' 

Risk ladder 2.3 illustrated in table 4.9, is identical to risk ladder 1.3 in table 4.4. In 

different combinations of the four socio-economic factors and 'heart disease', the 

variable 'Age' aga!n has the most influence on the probability of someone being in-

Contact with social services. Twelve out of thirteen groups of people with the highest 

probability of being in contact with social services are from combinations inclu~ing the 

older age group. 

For the variable 'Gender' the probability level for combinations with female are higher 

than for those with male. From eight groups with the highest probability of being in 

Contact with social services, six groups are from combinations including female. 

In this case, the variable 'Tenure' is an important variable in determination of the 

probability of being in contact with social services. 

Living in a lower council tax band is also a reasonably dominant factor in increasing 

the possibility of being in contact with social services. 
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The incidence of an admission to hospital as a result of heart disease strongly increases 

the probability of alloca~ion of social services' resources to a person, although not to 

the same extent as the variable 'Fall' discussed earlier. 

Table 4.10 Risk ladder-2.3 including four basic socio-demographic factors and the 
incidence of an admission for heart disease with ' social sv ices' as the outcome variable 

Tax Heart Known P of Known 
Seq Age Gender Tenure Band Disease to '55' Population to'SS' Conf.lnterval 

1 0 0 0 1 1 3 0.0% 0.0% 0.0% 
2 0 1 0 0 0 57 7026 0.8% 0.6% 1.0% 
3 0 0 0 0 0 76 6050 1.3% 1.0% 1.5% 
4 0 1 0 1 0 16 721 2.2% 1.1% 3.3% 
5 0 0 0 1 0 11 495 2.2% 0.9% 3.5% 
6 0 1 1 0 0 135 3841 3.5% 2.9% 4.1% 
7 0 0 1 0 0 165 4223 3.9% 3.3% 4.5% 
8 0 0 1 1 0 144 2830 5.1% 4.3% 5.9% 
9 0 1 1 1 0 179 3331 5.4% 4.6% 6.1% 

10 0 ·' 1 0 0 . 1 - 3 55 5.5% -0.5% 11 .5% 
11 0 0 1 , ~ . 0 1 3 45 6.7% -0.6% 14.0% 
12 1 1 0 0 0 212 2481 8.5% 7.4% 9.6% 
13 0 0 1 1 1 3 34 8.8% -0.7% 18.4% 
14 0 1 1 1 1 9 92 9.8% 3.7% 15.9% 
15 1 1 0 1 0 24 240 10.0% 6.2% 13.8% 
16 0 1 1 0 1 12 108 11 .1% 5.2% 17.0% 
17 0 0 0 0 1 3 24 12.5% -0.7% 25.7% 
18 1 0 0 0 0 422 3042 13.9% 12.6% 15.1% 
19 1 1 0 0 1 13 90 14.4% 7.2% 21.7% 
20 1 1 -. ". 1 0 0 232 1576 14.7% 13.0% 16.5% 
21 '. 1 1 -1 0 1 17 92 18.5% 10.5% 26.4% 
22 1 1 1 1 0 332 1752 18.9% 17.1 % 20.8% 
23 1 0 1 0 0 464 2267 20.5% 18.8% 22.1% 
24 '. 1 '0 0 1 0 63 304 20.7% 16.2% 25.3% 
25 -"' 1 1 ,- , 1 ',c' 1 1 19 82 23.2% 14.0% 32.3% 

26 1 1 
" 

0 , 1 1 2 8 25.0% -5.0% 55.0% 
27 , 1 0 -: 1 1 0 600 2383 25.2% 23.4% 26.9% 

28 ":"':1 0 0 01 ' 1 18 71 25.4% 15.2% 35.5% 

29 1 0 . 0 1 .' 1 2 7 28.6% -4.9% 62.0% 

30 1 "" 0 1 0 ' 1 28 87 32.2% 22.4% 42.0% 

31 0 1 0 1 , 1 3 9 33.3% 2.5% 64.1% 
32 1 0 1 1 1 37 103 35.9% 26.7% 45.2% 

14585 21504 22846 12394 885 3304 43472 7.6% 7.4% 7.8% 

4.3.4 Risk ladder-2.4 with four basic factors and the incidence of an admission for 

'Stroke' 

This risk ladder in Table 4.10 (Risk ladder 2.4) includes four basic socio-economic 

factors and the incidence of at least one admission to hospital for stroke. 

93 



In the first column of the risk ladder 2.4 which represents the variable 'Age', five 

combinations with the ,highest level of probability of 'being in contact with social 

services' are the combinations including older age groups. While the variable age in 

these combinations influences the outcome it is not as strong as the previous two risk 

ladders (Risk ladders 2.2 and 2.3) which include 'fall' and ' heart disease'. Also, the 

variable 'Gender' in this risk ladder does not seem to affect the outcome. 

Table 4.11 Risk ladder 2.4 including four basic socio-demographic factors and the 
incidence of an admission for stroke with 'soc ial services' as the outcome variable 

Tax Known P of Known 

Sea Aae Gender Tenure Band Stroke to ·SS· Population to'SS' Conf.lnterval 

1 0 0 0 0 0 78 6058 1.3% 1.0% 1.6% 

2 0 1 0 0 0 56 7056 0.8% 0.6% 1.0% 

3 0 0 0 1 0 10 496 2.0% 0.8% 3.3% 

4 0 1 0 1 0 18 726 2.5% 1.3% 3.6% 

5 0 1 1 0 0 136 3898 3.5% 2.9% 4.1% 

6 0 0 1 0 0 161 4241 3.8% 3.2% 4.4% 

7 0 0 1 1 0 145 2843 5.1% 4.3% 5.9% 

8 0 1 1 1 0 176 3376 5.2% 4.5% 6.0% 

9 0 0 0 0 1 1 16 6.3% -5.6% 18.1% 

10 1 1 0 0 0 205 2510 8.2% 7.1% 9.2% 

11 0 0 1 1 1 2 21 9.5% -3.0% 22.1% 

12 1 1 0 1 0 25 247 10.1% 6.4% 13.9% 

13 1 0 0 0 0 412 3028 13.6% 12.4% 14.8% 

14 1 1 1 0 0 235 1604 14.7% 12.9% 16.4% 

15 0 1 0 0 1 4 25 16.0% 1.6% 30.4% 

16 1 1 1 1 0 327 1767 18.5% 16.7% 20.3% 

17 1 0 0 1 1 1 5 20.0% -15.1% 55.1% 

18 1 0 1 0 0 471 2296 20.5% 18.9% 22.2% 

19 1 0 0 1 0 64 306 20.9% 16.4% 25.5% 

20 0 1 1 0 1 11 51 21.6% 10.3% 32.9% 

21 1 1 1 0 1 14 64 21.9% 11 .7% 32.0% 

22 0 1 0 1 1 1 4 25.0% -17.4% 67.4% 

23 1 0 1 1 0 609 2416 25.2% 23.5% 26.9% 

24 0 1 1 1 1 12 47 25.5% 13.1% 38.0% 

25 0 0 1 0 1 7 27 25.9% 9.4% 42.5% 

26 1 1 0 0 1 20 61 32.8% 21 .0% 44.6% 

27 1 0 0 0 1 28 85 32.9% 22.9% 42.9% 

28 1 1 1 1 1 24 67 35.8% 24.3% 47.3% 

29 1 0 1 0 1 21 58 36.2% 23.8% 48.6% 

30 1 0 1 1 1 28 70 40.0% 28.5% 51 .5% 

31 0 0 0 1 1 1 2 50.0% -19.3% 119.3% 

32 1 1 0 1 1 1 1 100.0% 100.0% 100.0% 

14585 21504 22846 12394 885 3304 43472 7.6% 7.4% 7.8% 

Housing tenure in risk ladder 2.4 is a strong factor in determining the outcome variable 

'being in contact with social services'. Ten out of thirteen groups with the highest 

likelihood of benefiting from the social services' resources contain people living in 

social housing. 
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The variable 'council tax band' does not appear to have a particular impact on the 

outcome variable, whereas the variable 'stroke' has' a very strong influence. Nine out 

of ten groups with the highest level of observed probability of being in contact with 

social services are those who had at least one admission to the hospital for stroke. 

So far the influence of different factors on outcome variables 'Mortality' and 'being in 

contact with social services' in different combinations has been discussed in detail. 

The outcome of each risk ladder alone for the both outcome variables ('Mortality' and 

'being in contact with social services') has been shown helpful in partitioning risk. In 

the risk ladders with the outcome 'Mortality', the degree to which different factors 

determine the health inequalities was quite clear. In the case of the outcome variable 

'being in contact with social services', the affect of different factors on allocation of 

resources was seen to be sensitive to the variable 'hospital admission' and to the cause 

for that admission. For the purpose of further investigation and in order to assess the 

relationship between health inequalities and the allocation of social services' resources, 

all risk ladders with different outcomes will be compared graphically in the following 

section. 
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4.4 Comparing the risk of mortality and the probability of being in 

contact with social services 

In this section each of the risk ladders with outcome variables 'Mortality' and 'being in 

contact with social services' (Le. Risk ladder 1.1 with 2.1, Risk ladder 1.2 with 2.2 and 

so on) will be contrasted. The outcomes of the comparisons are illustrated in the 

following figures (Figures 4.2-4.5). Each figure includes combinations of different 

factors with their relevant 'risk of mortality' and 'probability of being in contact with 

social services'. Appendix-D includes the tables containing the combined risk ladders 

(risk ladders with similar factors but different outcomes) and their detailed information 

which are the foundation of the following figures. In Appendix-D where the 

confidence interval includes values greater than or equal to one or less than or equal to 

zero, the entire row for both outcomes (with the same combination) is omitted. 

4.4.1 Comparison with four socio-economic factors 

A comparison of the two outcome columns (risk of mortality and the probability of 

being known to the social services) for sixteen different combinations of four factors of 

both Risk ladder i.1 (Table 4.2) and Risk ladder 2.1 (Table 4.7) are illustrated in 

Figure 4.2. In general there is a reasonable correspondence between the outcome 

variables for each combination. However, the curve representing the probability of 

being in contact with social services does not follow the curve of 'observed risk of 

mortality' for some of the combinations. Five points on the social services curve with 

codes; '0010', '0011', '1010', '1011' and '1001' located above the mortality curve 

include females and four points on social services curve with codes; '1100', '1110', 

'1101' and '1111' located under the mortality curve include males. In another words, 

While the comparison of the 'ri~k of mortality' and 'the probability of being in contact 

with social services shows for the same level of risk of mortality, females are more in , 
Contact with social services than males. The reason for this inequality could be that 

females are more likely to outlive males and live alone with no informal carer in the 

household which will be di"scussed further in Chapter 7 on policy implications. 
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For the variable ' tenure', it is evident that four points out of fi ve, located above the 

mortality curve with the highest leve l of probability of being in contact with social 

services (coded; ' 0010 ', '0011 ', ' 1010' and ' 1011 ') include people living in soc ial 

housing. All four points include females. Also, four groups of people with lowest level 

of probability of being in contact with soc ial services are males living in private 

housing (with codes; '0 I 00 ' , ' 0101 ' , ' 11 00' and ' 110 I'). 

Figure 4.3 comparing the risk of morta lity and the probability of being in contact with 
soc ial services for diffe rent combinations offour factors 
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4.4.2 Comparison with four socio-economic factors and incidence of an admission 

for a 'Fall ' 

The outcomes of Risk ladder- I.2, Table 4.3 (risk of morta lity) and Risk ladder-2.2, 

Table 4.8 (the probability of being known to the social services) which include the 

combinations of four soc io-economic factors and ' fa lls' are contrasted in Figure 4.3 

below. The outcomes of six combinations with confidence interval with the va lues 

greater than or equal to one or less than or equal to zero are omitted. 

In Figure 4.3 the social services curve for some of the combinations located to the right 

of the chart, including; ' 10111 ', ' 10001 ', ' 10101 ' , ' 11111 ', ' 11001 ' and ' 10011 ', is 

Positioned above the mortality curve. The last digit of the above six combinations is ' I ' 

which represents the incidence of at least one hospi ta l admission for fa lls. Therefore 
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we deduce that ' Falls' play an important role in the allocation of social services ' 

resources, especially in .combination with age, as the above six combinations all fit into 

older age groups. Figure 4.3 also confirms that in general females are more in contact 

with the social services than males. 

Figure 4.4 comparing the risk of mortality and the probabi I ity of being in contact with 
social services for different combinations of four socio-economic factors and Falls 
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For variable tenure, again most of the points on ' social services ' curve located above 

the mortality line, are those combinations that include social housing. The majority of 

the points positioned under the mortality line tend to include private housing. 

4.4.3 Comparison with four socio-economic factors and incidence of an admission 

for a 'Heart disease' 

Figure 4.4 illustrates the comparison of the ' observed risk' of mortality (from Risk 

ladder 1.3, Table 4.4) and the 'probability of being in contact with social services ' 

(from Risk ladder 2.3 , Table 4.9). Eight combinations with confidence interval with the 

values greater than or equal to one or less than or equal to zero are excluded from the 

chart. 
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The analysis of the following chart make it clear that from combinations with code 

, 10 I 00' onward, all points on the social services curve located above the risk of 

mortality curve are a combination of female gender with other factors. The same 

tendency is also true for those points on the social services curve, located under the 

mortality curve, but this time all points are a combination of male gender and four 

other factors. The comparison of the two risk ladders again confirms that females are 

more in contact with the social services than males. 

The variable council tax band is also influences the resources provided by social 

services. Figure 4.4 shows where the probability of being in contact with social 

services is higher than the risk of mortality for the same group of people, where the tax 

band code is ' I ' , indicating lower tax bands: A-C. The same process is also true for 

those points located under the risk of mortality curve, indicating higher tax bands: 0-

H. 

Figure 4.5 Comparing the Risk of mortality & the probability of being in contact with 
social services for different combinations of four socio-economic factors and 'Heart 

Disease ' 
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Once again the variable tenure is an important factor on allocation of social services' 

resources. Most of the combinations with socia l housing tenure are located above the 
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' risk of mortality ' line; whereas most of points under the mortality line contain private 

housing tenure. 

4.4.4 Comparison with four socio-economic factors and incidence of an admission 

for a 'Stroke' 

Figure 4.5 contains the observed risk of mortality and the probability of being in 

Contact with social services for 26 combinations of four socio-economic factors and 

'Stroke'. Six combinations with the confidence interval including values greater than 

or equal to one or less than or equal to zero are excluded from the chart. 

[n twelve combinations on the right hand side of the Figure 4.5, only one point is 

located above the mortality curve and the reminder of combinations (eleven 

combinations) are under it. Within the eleven combinations, eight combinations 

include male as gender and the other three combinations include fema le. On the other 

hand, those points positioned above the risk of morta lity curve, are a combination of 

different factors include females living in soc ial housing. 

Figure 4.6 Comparing the Risk of mortality & the probability of being in contact with 
social services for different combinations offour socio-economic factors and 'Strokes' 
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[t is noteworthy that Figure 4.5 shows a relatively (by comparing the levels of ri sk of 

mortality with probability of being in contact with soc ial services) smaller percentage 

of people (with incidence of admission to hospital for stroke) in contact with the social 

services than the two previous figures (Figures 4.3 and 4.4 based on falls and heart 
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disease). A possible reason for why these groups of people are less in contact with 

social services could be its relationship with the factors 'age' and 'gender'. This issue 

will be discussed further in the policy chapter (Chapter 7). 

Another factor that influences the outcome in this case, is tax banding. Approximately 

two thirds of the combinations with Iow percentage use of social services live in higher 

tax bands (i.e. they are wealthier). 

As mentioned earlier there are some statistical implications in relation to the interval 

estimation for the binomial proportions, which will be discussed in next section. 
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4.5 The use and interpretation of confidence interval estimates 

The number of cases in any combination of the factors in the risk ladders can range 

from a small number of people to many thousands. This means that the statistical 

confidence we have in any given level of risk will vary depending on the sample size 

and the level of risk/probability. Confidence intervals (or p-values) can be used 

whenever there is a need to describe the uncertainty in a point estimate wherever the 

estimate is derived from a sample. The data used in this study refers to all deaths, uses 

of social services and admission to the hospital for the population of Camden's older 

citizens (aged over 50 years) living in non-institutionalised residences for a three year 

period (2002-04). Our rationale for using confidence intervals rests upon the 

assumption that these data represent a single sample of the older population Cam den 

for a specific time interval. Our population of inference would be considered to be a 

broader universe 'in time' or a super population (Cassel et aI., 1977). 

The overall probabilities of 'mortality' and 'contact with social services' for various 

combinations of risk factors have been presented in terms of the rank order of the 

resulting point estimate in each risk ladder. Caution must be exercised whenever 

examining these tables as the range or width ofthe confidence intervals will sometimes 

overlap. For exa~ple in Table 4.2 the confidence intervals suggest that there is no real 

statistical difference between sequences 1-7 or in Table 4.3, the implication that 

sequences 16-18 should be below sequences 19-24. Appendix-E includes a graphical 

illustration of the observed probabilities for each risk ladder presented in this chapter 

together with their estimated 95% confidence intervals (or 'high-low' bars). The graphs 

display the point estimates of risk are likely to have overlapping interval estimates and 

therefore can not be distinguished. 
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4.6 Methodological considerations about Confidence Interval 

estimation for binomial proportions 

Some combinations in risk ladders 1.2 to 1.5 (tables 4.3-4.6) have no reported deaths 

(e.g. sequence number 1 in risk ladder-1.2 & 1.3 and sequence numbers 1 and 2 in risk 

ladder-1.4). Their resulting probability value and confidence interval can not be 

calculated and so are set to '0'. There are also some other combinations in the risk 

ladders for which there are only small number of reported deaths (e.g. sequence 

numbers 10, 11, 23 in risk ladder-1.2 and sequence numbers 9, 12, 13 and 15 in risk 

ladder-1.3). The level of observed risk for these cases is very Iow which may result in 

their lower bound confidence interval being negative. A third group for which the 

number of reported deaths compared with the total population are very close to each 

other (e.g. sequence number 32 in risk ladder-1.4 and sequence numbers 60-63 in risk 

ladder-5), the upper confidence interval may be greater than 100%. Similar cases can 

also be found in risk ladders 2.2 - 2.4 with the outcome variable 'social services'. 

The reason for including the above three groups from the risk ladders, is for 

completeness. The reason why confidence intervals can fall outside the conventional 

range of 0 -1, is because the Wald formula is an approximation and breaks down for 

very small and very large values of p. 

In relation to the above mentioned cases, Agresti & Coull (1998) recommend a method' 

they term the modified Wald method. These authors argue that the confidence 

intervals may include numbers greater than 1 or negative numbers, but proportions 

obviously cannot exceed 1 or be negative. Agresti & Coull (1998) and similarly 

Altman (1999; 1999) also suggest where the lower limit calculated using modified 

Wald method is less than zero, set the lower limit to 0.0 and similarly where the 

calculated upper limit is greater than 1.0, set the upper limit to 1.0. 

The probability assigned to negative numbers and numbers greater than 1 is usually 

small when the sample size is large and the proportion being estimated is not too close 

to 0 or I". Lawrence et al (2001) in highlighting the problem with standard confidence 

interval claim that: "We begin by showing that the chaotic coverage properties of the 

Wald interval' are far more persistent than is appreciated. Furthermore, common 
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textbook prescriptions regarding its safety are misleading and defective in several 

respects and can not be trusted". 

Lawrence et al (2001) also explain the non-negligible oscillation of actual coverage 

probability of confidence interval as a result of variation of both P and n (which an 

example of it from this work was mentioned earlier), add: "There exist some 'Lucky' 

pairs (p, n) such that the actual coverage probability C(p, n) is very close to or larger 

than the nominal level. On the other hand, there also exist 'unlucky' pairs (p, n) such 

that the corresponding C (p, n) is much smaller than the nominal level.. .Furthermore, 

drastic changes in coverage occur in nearby P for fixed n and in nearby n for fixed p". 

An alternative to the Wald standard interval is the Wilson interval is recommended by 

Lawrence et al (2001) for a small on'. The difference between the Wald and Wilson 

intervals is that the Wilson interval only adds two successes and two failures to the 

observed counts of the adjusted Wald interval, changing the probability or risk 

probability in 4.1 to: 

~ _Xi +% 
Pi - n +4 

I 

(4.4) 

And the confidence interval for a 95% level of accuracy, can be calculated by 

(4.5). 

Where ni = ni +4. 

For the purpose of comparison risk ladders 1.2-1.4, reproduced with both Wald and 

WiIson confidence interval, are presented in Appendix-F. 
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Summary: In this chapter, first the risk ladder methodology was introduced. In 

section-2 the observed risk of mortality with combinations of different factors (four 

socio-economic factors and three causes of hospital admissions) with risk ladders were 

calculated. In Section 4 the probabilities of 'Being in contact with social services' for 

different combinations were calculated. The output of Section 2 and Section 4 were 

compared in Section 5 in order to assess whether or not the services provided by the 

social services department, are allocated to the most vulnerable people. In total, 994 

individuals out of 3188 (31 %) who died between 2002 and 2004 were in contact with 

the social services. 

Key findings: 

The key findings from using the risk ladder methodology in this chapter are: 

i) The variables 'age' and causes of hospital admissions (FIS) are strong 

factors in the determination of both outcomes ('risk of mortality' and 

'allocation of social services' resources). 

ii) For the variable 'gender', while men are relatively at higher risk of 

mortality, females have higher chance of being in contact with social 

services. 

iii) Housing tenure and Council tax banding also have a fairly high ~mpact on 

both outcomes. 

In next chapter the relative importance of different variables/risk factors will be 

assessed using logistic regression. 
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5 Assessing the relative importance of risk factors 

5.1 Introduction 

In Chapter 4 risk ladder methodology was introduced and applied to the data. Risk 

ladder methodology can be thought of as a method of clust~ring for grouping the 

population with similar characteristics in order to assess the probability of an adverse 

event (observed risk) for each group. The similar characteristics for a group of people 

in this case will be those from the same gender, age group, housing tenure, reason for 

hospital admission and so on. 

In this chapter the relative importance of the risk factors previously used to define 

groups in risk ladder analysis will be assessed by logistic regression (Altman, 1999; 

Hosmer & Lemeshow, 2000; Tabachnick & Fidel, 2006). Whereas risk ladders show 

the clustering of risk for different combinations of risk factors, logistic regression 

quantifies the relative importance of each risk factor (predictors) and its contribution to 

overall risk. Further logistic regression enables one to discard weak risk factors and 

also to predict risk in cases where there are not enough observations. 

A forward stepwise logistic regression method (Tabachnick & Fidel, 2006) with fou~ 

basic socio-demographic variables in the initial model was used to achieve the best 

Possible predictive model from the available data. The improvement of each model is 

presented by the value of the LogLikelihood (the probability that the observed values 

of the dependent variable may be predicted from the observed values of the 

independent variables) and x 2 (the goodness of fit). The Pseudo R2 (Ender, 2006) 

value as the percentage of variance in the dependent variable explained by the 

independent variables, are also provided for each model. 

It is also worth noting that for logistic regression models, by applying the prediction 

equation of the logistic regression (2.5), risk/probability for all covariate patterns 

(different combination of the factors) can be estimated. An example of the estimated 

risk of mortality based on logistic regression coefficient for sixteen combinations of 
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four binary socio-economic predictors; age, gender, housing tenure and council tax 

bands, equivalent to the Risk Ladder -1 (Table 4.2), will be illustrated and compared 

later in this Chapter (in Section 5.5). 

5.1.1 Coding scheme and analytical strategy 

Table5.1 

includes the coding scheme applied for the variables in the analysis. As all of the 

variables are categorical, the reference category column identifies the baseline for 

comparing parameter estimates. In order to use as much of the available information, 

those variables that have the potential to be divided into more categories such as age, 

housing tenure and council tax banding, additional categories will be considered 

further. 

Table 5.1 Coding scheme for variables used in logistic regression 

Variables Name Reference-Category Value 

Gender binary (female/male) Female 0 

Age binary (50-69 & 70 years old or more) 50-69 0 

Age 3 groups (50-64=1/65-79=2/80 years old or 1 

more = 3) 50-64 

Age 4 groups (50-64=1/ 65-74=2/ 75-84-3/ 85 50-64 1 

years old or more = 4) 

Age 5 groups (50-59=1/ 60-69=2/ 70-79-3/80- 1 

89=4/90 years old or more = 5) 50-59 

Tenure binary (private housing/social housing) Private housing 0 

Tenure 3 categories (private housing=1/ housing Private housing 1 

association = 2 & council housing = 3) 

Tax bands binary (D-H/A-C) D-H 0 

Tax bands 3 categories (A-C=3/ D-E=2/ F-H=1) F-H 1 

Hospital admission for falls - binary (no/yes) No 0 

Hospital admission for heart disease (no/ yes) No 0 

Hospital admission for stroke (no/ yes) No 0 

Social services In contact (known) 1 

The following rules also apply in the proceeding tables (represent~tion of different 

models): 
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i) The reference categories are not displayed in the list of variables in the model. 

ii) Column (2) contains the estimated 'odds' ratio which compares the odds of an 

outcome in each category with the reference category. 

iii) Column (3) provides a probability value for this estimate. 

iv) Column (4) contains a 95% confidence interval, in particular if the lower boundary 

of the interval falls below 1 there is little statistical evidence for any effect. 

All models in this section are created by Stata (StataCorp, 2005). Stata unlike SPSS 

provides the Log of the Likelihood (LogL) value to summarize the 'goodness of fit' of 

any model as opposed to -2LogL which is common in other packages like SPSS. 

Tabachnick and Fidel (2006) define Log-likelihood as sum of the probabilities 

associated with the predicted and actual outcomes and for each model: 

N ~ ~ 

Log-likelihood = ~)r; InCr;) + (1- r;) In(1- r;)] 
i=l (7.1) 

Where 1'; is the .actual outcome for case i and Y is the estimated probability that the-tth 

case (/ = 1... n) is in one of the (binary) categories. We expect LogL to increase in 

magnitude (incline towards '0') as more terms are included, similarly, 'R2 would 

increase towards' 1 ' as more terms are added. 

The R2 reported by Stata is McFadden's Pseudo R2 (Ender, 2006). It compares the 

likelihood for the intercept only model (LogLo) to the likelihood for the model with all 

of the predictors for the current model (LogL FilII) which can be calculated by: 

PseudoR 2 = I 
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Chi-square (X2
) is used to assess the relative contribution that different tenns make to 

the model. The conditional X2 can only be applied to any model with fewer terms (the 

smaller model) than the larger model; models are provided 'nested' or 'hierarchical'. 

i.e. the degrees of freedom (d.f) represent the difference in the number of parameters 

fitted. The X2 also can be calculated as: 

X2 = 2[(LogL for bigger model) - (LogL for smaller model)] (7.3) 

5.1.2 Modelling strategy 

In the previous chapter (Chapter 4) with use of risk ladder methodology the observed 

risk or probability of an outcome for different groups of people (with similar 

characteristics) were discussed. In this chapter the relative importance of each predictor 

(risk/protective factor) will be investigated using logistic regression modelling. Whilst 

risk ladder obviously could identify the spatial differences (inequalities) between 

different groups of people with the same combination of factors, its limitation is that it 

can only deal with a certain number of factors (or levels for categorical variables) 

depending on sample size. If too many factors are included, some estimates may be 

unreliable due to the small number of observations for some factor combinations. 

Therefore the infonnation on impact of different factors on those groups of people with 

small number of observation will be lost. This drop will rise by increasing the number 

of factors which will result in increasing the number of combinations (consequently, 

the number of ladders in the table). 

In this chapter first the process of model construction will be investigated. The aim of 

the model construction is to find the model with the most precise prediction of the 

outcome. In the following sections the logistic regression modelling will be extended 

step by step and the amount of improvement at each stage will be assessed by the value 

of Pseudo R2 and the level of significance of all predictors included in the model. 

Firstly the relative importance of the four binary (socio-economic) predictors which 

evolves out 'of the risk ladder analysis in the previous chapter will. be assessed. This 

basic model is followed by a model with seven binary predictors (including four socio-
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economic predictors and three causes of hospital admission). Subsequently, more 

logistic regression models will be introduced by increasing the number of levels for the 

categorical predictors specifically age, housing tenure and council tax band. 

When introducing risk ladder methodology it was more convenient from the 

perspective of providing a simple illustration of the approach to treat all variables as 

binary. In this chapter I will begin to discuss the application of logistic regression with 

a binary value for age in order to assist the exposition of risk ladder methodology. As a 

general rule to treat age as anything other than continuous would represent a 'loss of 

information'. In the analysis that follows age is handled first as binary, then as three 

and five categories. Finally the model with age coded as five categories is compared to 

a model with continuous age. 

For further potential model improvement, two model refinement techniques will be 

examined: firstly; using age as a covariate predictor; and secondly: interaction terms 

between variables. Model refinement is also followed by a discussion on advantages 

and disadvantages of using age as either a continuous or as a categorical variable. 

Finally a subset of the models with 'death' as an outcome variable will be used to 

assess the relatjve importance of these factors on probability of someone 'being- in 

Contact with social services'. The odds ratio of each factor in a model with outcome 

'death' will also be compared with the odds ratio of the same factor in its identical 

model with outcome variable 'being in contact with social services'. The rationale 

behind this comparison is to examine the possible relationship between the relative 

importance of each predictor on risk of mortality and allocation of the resources by 

Social services. 

The next section will systematically examine different models to test the impact of 

each factor on mortality in order to find the best model. 
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5.2 Examining different models in or~er to find the best model by 

testing the impact of each factor on mortality 

In order to find the best logistic regression model, seven models will be examined in 

this section. In the first stage, two models with four and seven binary factors are 

constructed. The first two binary models are followed by five more models by 

increasing the number of levels for the categorical predictors namely age, housing 

tenure and council tax band. The outcome we want to predict is mortality. 

5.2.1 Findings from logistic regression, all variables binary 

Firstly, two models with four socio-economic factors (including gender, age, housing 

tenure and council tax bands) and seven binary factors (including the above four socio

economic factors plus falls, heart disease and strokes) will be studied. 

5.2.1.1 Logistic regression with four socio-economic factors (Model-I) 

The first model is based on four socio-economic factors; gender, age, housing tenure 

and council tax bands. The output in Table 5.2 shows that the effects of all [our 

variables on deaths are highly significant. As is shown in Table 5.2, men are 1.3 times 

more likely to die compared to women. Older people (70 years old or more) have a 7-

fold increase in the odds of mortality as compared with those under 70. Living in social 

housing increases the probability of death 1.24 times as also does living in lower tax 

band by 1.33 times. 

Table 5.2 Odds ratios based on logistic regression modelling with four basic 
socio-economic factors with confidence intervals (Model-I) 

Death Odds Ratio Sig. [95% Conf. Interval) 
Gender 1.31 0.000 1.21 1.41 
Age 7.12 0.000 6.55 7.75 
Tenure 1.24 0.000 1.14 1.36 
Tax band 1.33 0.000 1.22 1.45 

Number of obs == 43472 X2 
(4 d.f) = 2727.8. P = 0.0000 

Pseudo R2 = 0.120 Log likelihood = -10033.6 
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5.2.1.2 Logistic regression with four socio-economic factors and three causes of 

hospital admission '(Model-2) 

In the second model, three causes of hospital admission including; falls, ischemic heart 

disease and strokes have been added to model-I. The output for model-2 is shown in 

Table 5.3 and shows that all seven variables are highly significant, in particular, 

'strokes'. The second model shows an improvement of 1.6% in the Pseudo R2 as 

compared with model-I (the proportion of variance explained by predictors), changing 

from 12% to 13.6%. 

Table 5.3 Odds ratios based on logistic regression modelling with four socio-economic 
factors and three causes of hospital admissions (Model-2) 

Death Odds Ratio Sig. [95% Conf. Interval] 

Gender 1.32 
Age 6.50 
Tenure 1.21 
Tax band 1.34 
Falls 2.27 
Heart Disease 1.82 
Strokes 4.27 

Number of obs = 43472 

Pseudo R2 = 0.136 

0.000 1.22 1.42 
0.000 5.97 7.08 
0.000 1.11 1.32 
0.000 1.23 1.46 
0.000 1.92 2.68 
0.000 1.51 2.18 
0.000 3.55 5.14 

x2 
(7d.f) = 3100.2, P = 0.0000 

Log likelihood = -9847.4 

5.2.2 Extending the logistic regression analysis by increasing the number of levels 

for categorical predictors including age, tax bands and tenure (final model) 

In models 1 and 2 discussed earlier, all variables are binary. In order to utilise the 

amount of information available and increase the value of Pseudo R2 to maximise the 

prediction of death for different variables (predictors), it was decided to increase the 

number of levels of the predictors wherever possible. Some variables such as age, 

tenure and tax bands can be broken down into more than two categories as follows: 

i) Increasing the number of levels for 'age' to 3 categories (Model-3): All variables in 

this model are the same as the previous model (model-2) except age has been recoded 

from having two levels to three categories (50-64, 65-79 and 80 years old or more) .. 
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The reference category (by default in Stata) is !he first category which is 50-64. The 

new model shows a~ improvement of 1.9% in Pseudo R2 compared to model-2 in table 

5.3. 

ii) Increasing the number of levels for 'age' to 4 categories (Model-4): The age 

variable in this model has been recoded to four categories including; 50-64 (reference 

category), 65-74, 75-84 and 85 years old or more. By changing the age from 3 

categories in model-3 to 4 categories in model-4, there is an increase of 1.1 % in 

Pseudo R2 , again the effect of all variables on mortality is highly significant. 

iii) Increasing the number of levels for 'age' to 5 categories (Model-5): Finally age 

was divided to 5 categories of 10 year bands from 50 to 89 and 90 years old or more, 

with age 50-59 the reference category. The model output shows all variables have 

highly significant impact on deaths outcome but only a small increase (0.2%) in the 

Pseudo R2 value. 

By including more information about age, we observe (as illustrated in Appendix-G) a 

slight but steady improvement in 'model fit', and stronger evidence of an age gradient 

in the estimated odds ratios . 

. iv) Changing Tax band from binary to three categories (Model-6): The initial aim 'of 

Using variable tax band as a predictor is the role tax band plays as a 'marker' or proxy 

of wealth or material circumstances. There are a considerable difference between the 

price of properties with tax band 'D' or 'E' with the lower or higher tax bands. 

Therefore in model-6 eight tax bands are divided into three categories; A-C, D-E and 

F-H (reference category) and all of the other variables remains coded as in model-5. 

The change of Pseudo R2 in this model is not very evident (0.1 % improvement). 

Although all variables still" have highly significant effect on predicting death. 

Appendix-G includes more detailed explanations ofmodel-3 to model-6. 

v) Changing tenure from binary to three categories (Model-7, fin.al model): In this 

model, the number of categories for variable tenure have been increased from two to 
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three including; private housing (reference category), social housing and housing 

association. The reason for splitting the social housing into two categories in th is 

model is to test whether living in council housing or housing association property have 

a differential impact upon mortality. 

The results show that the change in Pseudo R2 va lue is very small (0.08%) in thi s case. 

An interesting result in this model is the di ffe rence between the risk of living in council 

housing or a housing association property. While the impact of council housing as a 

predictor of deaths is no longer significant (p=0.2 13) suggesting li ttle to distinguish the 

impact of li ving in council housing to private housing, the impact of living in a housing 

association property becomes highly significant, as is shown in Table 5.4. Further 

discussion of thi s issue is provided in Chapter 7 (policy implications). 

Table 5.4 Odds ratios based on logistic regression modelling by increas ing the number 
of levels for predictors; age, housing tenure and council tax band 

(Model-7, final model) 

Death Odds Ratio S.!g, [95% Cont. Interval] 
Gender 1.49 0.000 1.38 1.61 
Age-2 2.47 0.000 2.13 2.86 
Age-3 6.56 0.000 5.73 7.52 
Age-4 14.68 0.000 12.79 16.84 
Age-5 33.41 0.000 28.16 39.64 
Housing Association 1.43 0.000 1.24 1.66 
Council Housi~ 1.07 0.213 0.96 1.18 
Tax band 2 {D-~ 1.35 0.000 1.20 1.51 
Tax band 3 (A-C) 1.65 0.000 1.46 1.86 
Falls 1.75 0.000 1.47 2.08 
Heart Disease 1.76 0.000 1.46 2.11 
Strokes 4.03 0.000 3.34 4.86 

Number of obs = 43472 

Pseudo R 2 = 0.170 

x2 
(12 d.f) = 3864.3, P = 0.0000 

Log like lihood = -9465.3 

We will now discuss the impact of age as a continuous variable or covariate (as an 

alternative to the categorica l age) and the interaction terms on further attempts at 

improving our models will be discussed. 
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5.3 Further Model Refinement 

This section will firstly examine the effect of the variable 'age' as a continuous 

variable on model improvement. Thus, the models discussed in Section 5.2 (model-l 

with four socio-economic binary factors, model-2 with seven binary factors and model-

7 the final model) will be compared using identical models but simply changing the 

age from 'dichotomous' to 'continuous' variable. Then the impact of the different 

variables on each other and consequently on the dependent variable (in this study, 

death) with use of interaction effects between different variables will be assessed. 

The rationale behind choosing the three models (model-I, -2 and -7) is due to the fact 

that these three models include distinguishable components from one another. Model-l 

starts with four binary socio-economic variables and in Model-2 three more binary 

variables (three causes of hospital admission) are added. Finally those categorical 

variables which potentially could be expanded to more levels (as long as the 

contribution of the predictor variables remains significant), were extended and model-7 

Was created. The differences between the other four models (model-3, -4, -5 and -6) 

are negligible; and so they will be excluded from any further investigation. 

5.3.1 Creating logistic regression models with a continuous variable 'age'; 

comparing these models with previous models (with dichotomous 'age') 

i) Comparing the result of the first logistic model with four variables 

Table 5.5 illustrates the output of two logistic regressions with four socio-economic 

factors (age, gender, housing tenure and council tax bands); Table 5.5a shows the 

logistic model with three binary factors and age as a continuous variable, Table 5.5b is 

a copy of model-l (considered in Section 5.2) with four binary factors. 

By comparing the two "models in Table 5.5, the odds ratio (OR) in Table 5.5-a with the 

Continuous variable age shows a higher probability of death for male than the Table 
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5.5-b with binary age. The differences between ~he OR of tenure and tax bands for two 

models is not very iarge. 

Table 5.5 Comparison of two logistic regression models with four factors; a) with 3 
binary factors and the continuous variable age b) all 4 factors are binary. 

Death Odds Ratio Sig. Death Odds Ratio Sig. 

Gender 1.53 0.000 Gender 1.31 0.000 
Age 1.10 0.000 A~e 7.12 0.000 
Tenure 1.32 0.000 Tenure 1.24 0.000 
Tax band 1.30 0.000 Tax band 1.33 0.000 

(b) 

The Pseudo R2 for the model with the continuous variable age shows a 4.3% increase 

compared to the model based on use of binary age and thus provides a more accurate 

explanation of the dependent variable (death) by the predictors and better adjustment of 

variables. The OR for Gender changes from 1.31 in the model with binary age to 1.53 

in the model with age as a continuous variable which indicates a higher risk of 

mortality for males. In the model with the continuous variable age, the OR for tenure 

also increases but the OR for tax band decreases from 1.33 to 1.3. 

ii) Comparing the result o/the second logistic models with seven/actors 

Table 5.6 illustrates the output of two logistic regressions with seven factors including 

the four socio-economic factors and three causes of hospital admission (FIS). In Table 

5.6-a the factor age is a continuous variable and in Table 5.6-b all factors are binary 

(discussed in Section 5.2). 

There is a noticeable improvement in Pseudo R2 in the model using age as a 

continuous variable of about 4%. Again in the model with the continuous variable age 

the OR for 'Gender' increased from 1.32 to 1.52, showing higher risk of death for 

males. In this model, the OR for tenure also shows an increase but for all other factors 

there is a decline in ORs. Among the factors which had a decrease in terms of their 

OR value, the changes for falls and strokes were considerable. The OR for falls reduces 
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from 2.27 in the model with binary age to ~ .67 in the model with the age as a 

continuous variabl~. For stroke it also changes from 4.27 to 3.87. The changes in ORs 

for other variables are not very large. 

Table 5.6 Comparison of two logistic regression models with seven factors; a) with 
age as a continuous variable b) all 7 factors are binary. 

lueatn IOdds Ratio slg. IDeath IOdds Ratio Slg. 
Gender 1.52 0.000 Gender 1.32 0.000 
Age 1.10 0.000 Age 6.50 0.000 
Tenure 1.28 0.000 Tenure 1.21 0.000 
Tax band 1.30 0.000 Tax band 1.34 0.000 
Falls 1.67 0.000 Falls 2.27 0.000 
Heart Diseas 1.71 0.000 Heart Diseas 1.82 0.000 
Strokes 3.87 0.000 Strokes 4.27 0.000 

(b) 

Ut) Comparing the result of the two logistic models with increasing the levels of 

categoriesfor tenure, tax bands and age to more than two categories 

Table 5.7 illustrates the output of two logistic regressions with all seven factors. In 

Table 5.7-a the number of levels for tenure and tax bands is increased to three 

. categories but the age is a continuous variable and in Table 5.7-b the number oflevels 

for age is also increased to five categories (equal to model-7 in Section 5.2), 

By comparing the above two models it is clear that the value of OR for some factors 

such as tax band are exactly the same and for some other factors the terms are very 

close (e.g. for tenure). 

The difference between the PseudoR2 value of the above two models is only 0.7%. 

However the advantage ofthe model with dichotomous age in fi.ve categories (Table 

5.7-b) is that the OR for different age groups clearly explains the variation of the effect 

of age on mortality for these groups and therefore clearer from a presentational stand 

point. 
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Table 5.7 Comparison of two logistic regression models a) a model similar to the final 
model in Section 5-2 except the variable age in this model is a continuous variable b) a 

·model identical to the final model in Section 5-2. 

Death Odds Ratio Slg. Death Odds Ratio Sig. 
Gender 1.53 0.000 Gender 1.49 0.000 
Age 1.10 0.000 
Housing Association 1.42 0.000 
Council Housing 1.08 0.166 
Tax band 2 (D-E) 1.35 0.000 

Age-2 2.47 0.000 
Age-3 6.56 0.000 
Age-4 14.68 0.000 

Tax band 3 (A-C) 1.65 0.000 Age-5 33.41 0.000 

Falls 1.67 0.000 Housing Association 1.43 0.000 

Heart Dlseas 1.72 0.000 Council Housing 1.07 0.213 
Strokes 3.85 0.000 Tax band 2 (D-E) 1.35 0.000 

Tax band 3 (A-C) 1.65 0.000 
Falls 1.75 0.000 
Heart Diseas 1.76 0.000 
Strokes 4.03 0.000 

In further investigation, the model illustrated in Table 5.7-a, was used independently 

for each of the five different age categories of the final model (illustrated in Table 5.7-

b). The output is shown in Table 5.8 below. In Table 5.7-a, the OR age as a continuous 

variable is 1.10 while in Table 5.8 it varies for the five different age groups from 1.07 

to 1.10. Table 5.8 clearly illustrates the better adjustments of OR for all variables when 

the logistic regression model is used for different age groups independently. In Table 

5.8 the cells containing the OR of those variables that are not significant at the 0.05 

level of probability, are highlighted. One reason for these ORs not being significant 

could be that the data set used for this study does not include enough cases for all 

groups (e.g. those aged over 90 years). However for a larger data set, where there are 

enough cases of all different groups for analysis, the above method could be ideal. 

Table 5.8 The comparison of the Odds Ratio and p-value of all factors for 
5 d·ff! A I erent \.ge groups 

~e Group 50-59 60-69 70-79 80-89 90+ 
Outcome-Death OR Sig. OR Sig. OR Sig. OR Sig. OR Sig. 
Gender 1.54 0.001 1.69 0.000 1.61 0.000 1.46 0.000 1.10 0.479 
'!fie 1.08 0.000 1.07 0.000 1.10 0.000 1.10 0.000 1.09 0.000 
Housing Association 1.54 0.066 1.52 0.016 1.44 0.007 1.34 0.039 1.40 0.155 
Council Housing 1.65 0.002 1.24 0.082 1.03 0.728 0.92 0.396 0.91 0.593 
Tax Bands D-E 1.20 0.308 1.47 0.006 1.50 0.000 1.23 0.052 1.33 0.097 
Tax Bands A-C 1.67 0.007 2.11 0.000 1.99 0.000 1.27 0.039 1.28 0.219 
Falls 4.02 0.001 4.60 0.000 2.54 0.000 1.57 0.000 0.64 0.029 
Heart Disease 2.47 0.011 1.66 0.039 1.69 0.001 1.62 0.003 1.65 0.072 
Strokes 14.91 0.000 6.11 0.000 3.41 0.000 2.63 0.000 2.73 0.001 
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Whilst the estimated coefficients (exponential (8/s» for age appear constant within 

each age group, the relative importance of age in terms of additional years within a 

category will be different. Equally, it is not appropriate to simply compare the absolute 

difference between estimated ORs between categories as the OR is multiplicative. 

The output of Table 5.8 is also illustrated in Figure-S.I. In Figure-S.I the OR of each 

variable for five different age groups is demonstrated. OR with value of ' I ' is the 

reference for all cases. 

Figure-S . I lIIustration of Table 5.8 
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Comparing the ORs of four different age groups (by excluding those aged 90 years or 

more) in Table 5.8 and Figure-S.I shows the gap, in this case inequalities, within 

younger age groups (under 70s) is higher than the inequalities within older age groups 

(70 years old or more). This inequality, particularly for those aged 80-89, is much 

Smaller. The differences in ORs for variables gender, housing association, tax bands A

C and three causes of hospital admissions are more evident. The reason for exclusion 

of age group 90 years old or more is that there are not enough cases in the data for this 
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age group and as a result the p-value for most of variables in relation to this age group 

is not significant. . 

5.3.2 Examining the interaction effects 

In a statistical model an interaction is a term in which the effect of two or more 

variables is assumed to be multiplicative in which effect of one variable on the 

outcome depends on the value of another variable (Box, 1990; Hosmer & Lemeshow, 

2000). 

One of the aims of this work is to look at the relationship between socio-economic 

status of the target population and their health status (in this instance using mortality 

alone). It is also important to note that housing tenure and council tax bands were 

chosen to represent the level of wealth, a material advantage in this study. Therefore it 

was preferred to test the central hypothesis with some interaction terms between the 

socio-economic indicators (in this case, housing tenure and council tax bands) and 

causes of hospital admissions. The relationship between 'housing tenure' and three 

causes of hospital admissions (FIS) and following this the effect of council tax banding 

on FIS were examined. The interaction between each pair of variables were checked 

tWice; firstly as a model with a single interaction term (a model with only two 

variables) and secondly, in a full model including all variables (with age ~s continues 

variable). 

In the models with two variables, the p-values of the OR for most of the interaction 

terms are significant or highly significant but the Pseudo R2 values for the six different 

models vary between 1% and 3% which is not very high. However, when all the net 

impact on interaction terms are included in a full model (similar to the final model in 

Section 5.2 but with the continuous variable age) the ORs for most of the interaction 

terms are no longer significant. The Pseudo R2 value for all models is broadly the 

same as the model in Table 5.7a (17.7%). Appendix-H includes a detailed explanation 

of all models tested with interaction terms. 
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For the purpose of further exploration, a model with categorical age (model-7 in 

Section 5.2) was .examined by adding an interaction term between tenure (with 3 

categories) and age (with 5 categories), the number of variables increases to 20. The 

new model includes 8 more variables than the model-7. The Pseudo R2 value increases 

very little (from 16.95% to 17.14%) and the impact of five of the interaction terms on 

predicting mortality are not significant, with the p-value of greater than 0.05. However 

the joint effect of council housing and being in an older age group (70 years and 

above), is highly significant and would indeed lead to a reduction in the relative odds 

for these groups. In Table 5.9 the non-significant variables are highlighted. 

As we can see in Table 5.9, all interactions between tenure-2 (council housing) and all 

4 age groups (2 to 5) including the interaction between tenure-3 (housing association) 

and age group-2 are not significant. Thus, when a logistic regression model with more 

variables is used, the OR for each variable will be more adjusted and consequently the 

joint effect of the different variables on each other (interaction) decreases. 

Table 5.9 Odds ratios based on logistic regression modelling equal to the final model 
(in Section-2) including an interaction between tenure (with 3 categories) and age 

(with 5 categories) 

Death Odds Ratio Sig. ~9S% Conf. Interval] 
Gender 1.49 0.000 1.38 1.61 
Age-2 2.64 0.000 2.05 3.41 
~e-3 8.07 0.000 6.38 10.21 
Age-4 22.28 0.000 17.69 28.06 
Age-S 48.19 0.000 36.85 63.01 
Housil19 Association (Ten 2) 1.58 0.043 1.02 2.45 
Council Housing (Ten 3) 1.66 0.000 1.28 2.15 
Tax band 21D-~ 1.35 0.000 1.21 1.52 
Tax band 31A-Cl 1.67 0.000 1.48 1.89 
Falls 1.74 0.000 1.47 2.07 
Heart Disease 1.75 0.000 1.45 2.10 
Strokes 3.97 0.000 3.29 4.79 
Ten2 X Age2 1.12 0.675 0.65 1.93 
Ten2 X ~e3 0.97 0.912 0.59 1.61 
Ten2X~e4 0.75 0.274 0.45 1.25 
Ten2 X AgeS 0.79 0.444 0.43 1.45 
Ten3 X Age2 0.86 0.371 0.63 1.19 
Ten3 X~e3 0.68 0.010 0.50 0.91 
Ten3 X Age4 0.47 0.000 0.35 0.64 
Ten3 X AgeS 0.50 0.000 0.35 0.71 

Number of obs = 43472 x 2 
(20) = 3906.5 

Log likelihood = -9444.3 Prob > x 2 = 0.0000 
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In order to examine the association between other variables, one more interaction 

between tax band and gender were added to the previous model. The number of 

variable in the model increased to 22 and the p-values for seven variables were not 

significant. The PseudoR 2 value increased by 0.07% from 17.14% to 17.21 %. 

In terms of the improvement of Pseudo R2, introducing more complexity into the 

model does not have a significant effect on our outcome variable. As Tabachnick & 

Fidel (2006) state; "interactions may complicate a model without reliably improving 

the prediction". Thus far, it is therefore evident that model-7 is the best fitting model. 

By examining additional models with interactions, improvements in Pseudo R2 were 

obtained but some terms were not significant any more (p > 5%) as highlighted in 

Table 5.9. 

In next section the effect of different factors on a person being in contact with social 

services will be examined using the most appropriate models discussed in the previous 

two sections (Sections-5.2 and 5.3). 
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5.4 Examining the relative impact of each factor on whether or not 

someone is in contact with social services 

Different logistic regression models with variables extracted from the available data set 

for the outcome variable mortality have already been discussed in Section-2. In 

Section-3 the possibility of further model refinement with use of a continuous variable 

for age and various interaction terms were discussed. In this section models 1, 2 and 7 

of Section-2 are reconstructed by changing the outcome variable from 'mortality' to 

'being in contact with social services'. 

The aim is to examine the relationship between the relative importance of risk factors 

and the allocation of resources by 'social services'. The hypothesis to be tested is that 

those groups of the population with higher risk of death have a tendency to be more in 

contact with social services than those at lower risk of death. 

In order to test the above hypothesis and consequently to assess the possible 

association between risk of death and allocation of the social services' resources, the 

results (odds ratio) of the three models for each outcome (mortality and social services) 

are compared in the following three Tables 5.10, 5.11 and 5.12. 

5.4.1 Comparing the result of the two logistic regression models with four binary 

variables and different outcome variables ('mortality' and 'social services') 

Table 5.10 illustrates the output of two logistic regressions with four binary socio

economic factors (age, gender, housing tenure and council tax bands); in Table 5.10a 

the outcome variable is 'social services' and in Table 5.1O-b is 'mortality' (a copy of 

model-1 in Section-2). 

By comparing the result of the two logistic regressions for each variable in Table 5.10-

a and 5.10-b, I show that females tend to be much more in contact with the social 

services than males. Furthermore, while the risk of mortality for males is 1.31 times 

higher than' females, the probability of females being in contact with social services is 
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(110.71 = 1.41) times higher than it is for males. The product of the above two 

probabilities indicates that assuming the equal chance of being in contact with social 

services for both genders based on risk of mortality, the females are 1.85 times more 

than males in contact with the social services. 

The estimated probability of being in contact with social services according to age (6.5 

times more for those aged 70 years old or more than those between 50-69 years old) is 

close to the estimated probability of mortality for the same age groups (with an OR of 

7.12). 

Based on tenure, those living in social housing are 1.6 times more in benefit of the 

social services than those in private housing (including owner occupied and private 

renting), comparing with the risk ofmortality for these two groups. 

The estimated probability of the variables council tax banding for both outcomes 

(mortality and social services) is very close to each other, but this can not be said for 

tenure. 

Table 5.10 Odds ratios based on logistic regression modelling with four binary 
variables; a) the outcome variable, 'social services' b) the outcome variable, 

'mortality. 

Social Services Odds Ratio Death Odds Ratio 

Gender 0.71 Gender 1.31 

Age 6.50 Age 7.12 

Tenure 1.98 Tenure 1.24 

Tax band 1.38 Tax band 1.33 

(a) (b) 

5.4.2 Comparing the result of the two logistic regression models with seven binary 

variables and different outcome variables ('mortality' and 'social services') 

Table 5.11 illustrates the output of two logistic regressions with seven binary factors 

including the four socio-economic factors and three causes of hospital admissions 

(FIS). In Table 5.11a the outcome variable is 'social services' and in Table 5.11-b is 

'mortality'. (a copy ofmodel-2 in Section-2). 
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The outputs from the following two models for four socio-economic factors are very 

similar to the previous two models in Table 5.10. By comparing the OR of the three 

causes of hospital admissions in two models it shows a 1.87 times increase in social 

services usage for falls' patients, 0.63 times increase (or 1.58 times decrease) for stroke 

patients and for heart disease it shows about the same level as the risk of mortality. 

Table 5.11 Odds ratios based on logistic regression modelling with seven 
binary variables; a) the outcome variable, 'social services' b) the outcome 

variable, 'mortality. 

Social Services Odds Ratio Death Odds Ratio 
Gender 0.72 Gender 1.32 
Age 5.82 Age 6.50 
Tenure 1.98 Tenure 1.21 
Tax band 1.38 Tax band 1.34 
Falls 4.24 Falls 2.27 
Heart Diseas 1.71 Heart Diseas 1.82 
Strokes 2.70 Strokes 4.27 

(a) (b) 

5.4.3 Comparing the result of the two logistic regression models (final models) 

with different outcome variables ('mortality' and 'social services') 

Table 5.12 illustrates the output of two logistic regressions with all factors included. 

The number of levels for age, tenure and tax bands is increased to more than two 

categories (equal to model-7 in Section-2). In Table 5.12-a the outcome variable is 

'social services' and in Table 5.12-b is 'mortality' (a copy ofmodel-7 in Section-2). 

Here again by comparing the ORs of two identical factors in Table 5.12-a (with 

outcome 'social services') and Table 5.12-b (with outcomes 'mortality'), like previous 

models in Table 5.11, the disparity between risk of death and probability of being in 

contact with social services for some factors including: housing tenure, falls and stroke 

is evident. The estimated p~obability of being in contact with social services for all four 

age categories, are close to the estimated probability of mortality for the same age 

groups which is reasonable. In general the ORs for the same factor with different 

outcome variables (,mortality' and 'social services') in Table 5.12 is similar to Table 

5.11. However the ORs of different factors in models introduced in Table 5.12 are 

adjusted more precisely (the extent to which each predictor is adjusted for the impact 
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ofthe other predictors, leading to an improvement in 'model fit') as discussed earlier in 

Section 5.2. 

Table 5.12 Odds ratios based on logistic regression modelling with age, 
tenure and tax band more than two categories; a) the outcome variable, 

'social services' b) the outcome variable, 'mortality. 

Social Services Odds Ratio Death Odds Ratio 

Gender 0.80 Gender 1.49 
Age-2 2.17 Age-2 2.47 
Age-3 5.05 Age-3 6.56 
Age-4 12.64 Age-4 14.68 
Age-S 27.41 Age-S 33.41 
Housing Association 2.12 Housing Association 1.43 
Council Housing 1.71 Council Housing 1.07 
Tax band 2 (D-E) 1.54 Tax band 2 (D-E) 1.35 
Tax band 3 (A-C) 1.90 Tax band 3 (A-C) 1.65 
Falls 3.38 Falls 1.75 
Heart Diseas 1.66 Heart Diseas 1.76 
Strokes 2.53 Strokes 4.03 

(a) (b) 

5.4.4 Comparing the result of the final model including a continuous variable for 

age 

Here once again two final models with different outcomes and age as a continuous 

variable are contrasted. Table 5.13 shows these two models; Table 5.13-a is the model 

with outcome variable 'social services' and Figure Table 5.13-b is the model with 

'Mortality' as outcome variable. 

Table 5.13 Odds ratios based on logistic regression modelling with the continuous 
variable age a) the outcome variable, 'social services' b) the outcome variable, 

'mortality. 

Social Services Odds Ratio Death Odds Ratio 

Gender 0.82 Gender 1.53 
Age 1.09 Age 1.10 
Housing Association 2.10 Housing Association 1.42 
Council Housing 1.71 Council Housing 1.08 
Tax band_2 (D-E) 1.55 Tax band_2 (D-E) 1.35 
Tax band_3 (A-C) 1.91 Tax band_3 (A-C) 1.65 
Falls 3.28 Falls 1.67 
Heart Diseas 1.60 Heart Diseas 1.72 
Strokes 2.39 Strokes 3.85 
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Comparing the differences between the ORs for each variable in the above two models 

(in Table 5.13) ,with the differences between the ORs for the same variables in the 

models illustrated in Table 5.12 (with categorical age), a high level of similarity is 

evident. 
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5.5 Risk/probability estimation of covariate patterns 

In the Introduction to this chapter it was noted that for logistic regression models, by 

applying the prediction equation of the logistic regression (2.5), risk/probability for all 

covariate patterns (different combination of the factors) can be estimated. Risk of 

mortality for sixteen combinations of four binary socio-economic predictors; age, 

gender, housing tenure and council tax bands (Model-I, Table 5.2) which is equivalent 

to the Risk Ladder -1 (Table 4.2), are estimated and are illustrated in Table 5.14 

bellow. Table 5.14 also includes the observed probability of Risk ladder-l for the 

purpose of comparison. 

Table 5.14 Comparing observed probability of mortality for sixteen different 
combinations (groups) of four basic socio-economic factors (produced in risk 
ladder-I, Table 4.2) with estimated probability by logistic regression for the 
same combinations of the same variables for people aged 50 years old or more 
in London Borough of Cam den by observed probability in ascending order. 

Observed Estimated Observed Estimated 
Seq Age Gender Tenure Tax Band Probability Probability Probability % Probability % 

1 0 0 0 0 0.0143233 0.019048 1.4% 1.9% 
2 0 0 0 1 0.0180723 0.025263 1.8% 2.5% 
3 0 1 0 0 0.0190651 0.024804 1.9% 2.5% 
4 0 0 1 0 0.0208529 0.023596 2.1% 2.4% 
5 0 0 1 1 0.0324721 0.031247 3.2% 3.1% . 
6 0 1 1 0 0.0382375 0.030683 3.8% 3.1% 
7 0 1 0 1 0.039726 0.032834 4.0% 3.3% 
8 0 1 1 1 0.0540462 0.040536 5.4% 4.1% 
9 1 0 1 0 0.1380629 0.146814 13.8% 14.7% 

10 1 1 0 0 0.1454687 0.153341 14.5% 15.3% 
11 1 0 0 0 0.147125 0.121473 14.7% 12.1% 
12 1 0 1 1 0.1761866 0.186777 17.6% 18.7% 
13 1 0 0 1 0.1800643 0.155797 18.0% 15.6% 
14 1 1 1 0 0.191247 0.183939 19.1% 18.4% 
15 1 1 0 1 0.1975806 0.194675 19.8% 19.5% 
16 1 1 1 1 0.2131952 0.231268 21.3% 23.1% 

The observed and estimated probability/risk for most of the sixteen combinations in 

Table 5.14 are very close to each other indicating the consistency of the model. 
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Summary 

In this chapter, seven models were used in a 'forward selection logistic regression' to 

assess the relative importance of risk factors and their contribution to overall risk of 

mortality, before selecting the best models. Then, two statistical enhancement tools 

including the use of the continuous variable instead of the categorical variable (for 

variable age) and interaction terms were examined. It was concluded that in this study, 

these two refinements did not have a significant impact on model improvement. The 

relationship between each variable (risk factors) and mortality has also been discussed 

through each model. 

Subsequently the relationship between each variable and the 'social services' were 

studied using four models developed in earlier stage (with mortality outcome). These 

four models include model-I, -2, -7 (final) and one similar to the model-7 but with the 

continuous variable age. At the same time, each of these four models was contrasted 

with its identical model for the 'Mortality' outcome. The reason for this comparison 

was explained in the introduction to Section 4. 

Key findings 

The outcome of the final model (model-7) with mortality as an outcome illustrated in 

table 5.4 shows all factors and their relevant categories used in this study except for 

'council housing' are highly significant in increasing the risk of mortality. It has also 

been confirmed that all variables (factors) and their relevant categories with 'social 

service' outcome are also highly significant. However, there are some disparities found 

by comparing the two final models with different outcomes ('mortality' and 'social 

services'). These disparities in the role played by the following predictors; gender, 

housing tenure, falls and strokes are quite noticeable. Their implications will be 

discussed in the chapter related to policy implication (Chapter-7). 

The examination of the model refinement by using age as a continuous variable and 

interaction effects also shows no significant impact on model improvement. 

129 



In the next Chapter the Receiver Operating Characteristic Curve (ROC) will be 

introduced as an evaluation tool and will subsequently be used to evaluate the findings 

of Chapters 4 and 5. 
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6 Evaluation of the models and their outcomes 

6.1 Introduction 

The aim of this chapter is to investigate how well the models in previous chapter are 

able to discriminate between those subjects who experience the outcome of interest 

versus those who do not (Hosmer & Lemeshow, 2000). The first part of this chapter 

will consist of a discussion of Receiver Operating Characteristic (ROC) curves and 

how they will be used as a tool to evaluate the outcome of the models analysed in the 

previous chapters. Following this exploration, I will then use the 'Gini coefficient'; a 

measure of inequality which usually used to measure income inequality, as an 

alternative evaluation tool and explore its relationship with ROC curve. 

ROC curves are used as a tool to evaluate the discrimination ability of various 

statistical methods that combine a variety of evidence, test results, etc. for predictive 

purposes (Hanley & McNeil, 1982). The history ofROC goes back to the World War 

11 and based on Mason & Graham (2002) " .. .it was first employed in the study of 

discriminator systems for the detection of radio signals in the presence of noise in the 

1940s, following the attack on Pearl Harbor. The initial research was motivated by the 

desire to determine how the US radar (receiver operators) had missed the Japanese 

aircraft" . 

The construction of the ROC curves depends on the relationship between the 

sensitivity and specificity of an outcome. Where sensitivity indicates how likely the 

outcome of a test will be positive for actual positive cases and specificity indicates how 

likely the outcome of a test will be negative for actual negative cases (Peat & Barton, 

2005). Peat & Barton (2005) state that sensitivity and specificity are used to estimate 

the utility of a test in predicting the presence of a condition or a disease. They also 

continue: " .. .If the outcome .. .is binary, a likelihood ratio (LR) can be calculated 

directly. If the test result is on a continuous scale, a ROC curve is used to determine the 

point that maximizes the LR". The ROC curve by Pepe (2003) has been defined as a 

graphical plot of the sensitivity vs. (1 - specificity) for a binary classifier system as its 

discrimination threshold is varied. 
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ROC curves can also be defined as a graphical representation of the trade-off between 

sensitivity and specificity. "It plots the probability of detecting true signal (sensitivity) 

and false signal (1-specificity) for an entire range of possible cut-points" (Hosmer & 

Lemeshow, 2000). 

ROC curves have been used in psychophysics, to assess the detection of weak signals 

in humans (and occasionally animals) since 1960s. They are also used for the 

evaluation of machine learning such as intern et search engines, epidemiology and 

medical research (Pepe, 2003). 

The aim of this chapter is to evaluate the result of the estimated probabilities of 

different models produced in Chapter 5, by ROC curve. In addition, through use of 

ROC curves, the discrimination ability of one of the risk ladders (with four socio

economic factors, Table 4.2) will be compared with the discrimination ability of the 

identical model derived from logistic regression mode ling. However, before going into 

a detailed explanation of the ROC, it is necessary to explain and define the concepts of 

sensitivity and specificity which derive from epidemiology and the use of screening 

tests. In addition, the calculation of sensitivity and specificity and the steps need to be 

taken in the construction of a ROC curve also will be discussed in this chapter. 

In the next section (Section 6.2) the relevant terminologies related to the application of 

the ROC curves will be introduced. 
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6.2 Terminoiogies and definition 

The basis of the Roe curve is the classification table. Peat and Barton (2005) state that 

for diagnostic statistics, it is best to code the variable indicating 'disease status' (as 

present or absent) and 'test result' (as positive or negative). In our case instead of 

variables 'disease status' and 'test result'; we can use two binary variables 'mortality' 

(as deceased or living) and 'housing tenure' (as private housing or social housing). 

This coding can be presented as a classification table, similar to the table 6.1 below. In 

table 6.1: TP, FP, FN and TN represent True Positive, False Positive, False Negative 

and True Negative respectively. 

Table 6.1 an example of a classification table 

Housing Tenure 

Social Private 
Housing Housing 

Deceased + a (TP) b (FP) a+b 
Mortality 

living - c (FN) d (TN) c+d 

a+c b+d a+b+c+d 

We can assume that there are four possible groups (combinations) of peoples, as 

indicated a, b, c and d in Table 6.1. From the above table, we determine the sensitivity 

and specificity as follows: 

Sensitivity refers to the proportion of TP cases (e.g. people living in social housing who 

died in the period of2002-04) and can be calculated as: 

Sensitivity = a / (a+c). (6.1) 

Specijicity refers to the proportion of TN cases (e.g. residents of private housing who 

were living in the period of 2002-04) and can be calculated as: 

Specificity = d / (b+d). (6.2) 
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The ratio of the probability of being deceased and living in social housing with the 

corresponding probability if they were living in private housing, is called the 

' likelihood ratio ' (Altman, 1999) and therefore defined as follows: 

Sensitivity 
Likelihood ratio = - - - --"--

(1 - Specificity) 

6.2.1 ROC Curves 

= a/(a+c) = 
b/(b+d) 

a(b + d) 

b(a + c) 
(6.3) 

A ROe curve plots the false positive rate (I-Specificity) on the X axis against 

Sensitivity (the true positive rate) on the Y axis for various combinations of 

explanatory factors. Figure 6.1 illustrates a ROe curve. 
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Figure 6.1 an illustration of a ROe curve 
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1 - Specificity 
Area under ROe curve = 0.7772 

A detailed explanation of a ROe curve construction can be find in Appendix-I. 

The evaluation and the key criteria of a ROe curve will be discussed in next section. 
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6.3 Evaluating a ROe curve 

In general when a ROC curve climbs rapidly towards the upper left hand corner of the 

graph, the test result is good. This means that the sensitivity (1- FN) is high and the 

false positive rate (l-Specificity) is low. When the ROC curve follows a diagonal path 

it means that the null hypothesis is true or in other words, the possibility of a positive 

test result is the same amongst those with the disorder as those without the disorder. In 

relation to the utility of ROC curve as a tool, Hosmer & Lemeshow (2000) state: "the 

area under the ROC curve which ranges from zero to one, provides a measure of the 

model's ability to discriminate between those subjects who experience the outcome of 

interest versus those who do not". 

The larger the area under the curve (AUC), the better the test result. If the AUC is 

equal to 1 it is an ideal test (it achieves both 100% sensitivity and 100% specificity). If 

the AUC is 0.5, then test has effectively 50% sensitivity and 50% specificity or 

equivalent to flipping a coin to decide an outcome. The closer the area is to 1.0, the 

better the test is, and the closer the area is to 0.5, the worse the test is. However, 

Hosmer & Lemeshow (2000) believe it is extremely unusual in practice to get.an area 

under ROC-curve greater than 0.9. They suggest a general rule for the area under the 

ROC curve which is: 

If the AUC = 0.5: this suggests no discrimination 

0.7 ~ the AUC < 0.8: this is considered acceptable discrimination 

the AUC < 0.9: this is considered excellent discrimination 

AUC ;::: 0.9: this is considered outstanding discrimination. 

If 

If 0.8 ~ 

If the 

Hosmer & Lemeshow (2000) also note that a poorly fitting model (i.e. poorly 

calibrated as assessed by goodness-of-fit measures) may still have good discrimination. 

Therefore they suggest that model performance should be assessed by considering both 

calibration and discrimination. 
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We now go on to consider the production o~ standard errors for the ROe curve and the 

key criteria used in its evaluation. 

Hanley & McNeil (1982) provided the methods of calculating the standard error for the 

area under a ROe curve. They calculate standard error (SE) as: 

SE(A) = A(1- A) + (na -l)(Ql- A2) + (nn -1)(Q2 - A2) (6.4) 

nann 

'A' is the area under the curve, ' nn ' is the number of normal cases (those subjects who 

experience the outcome of interest, in Table 6.1, those living in private housing which 

include the sum of h+d) and' na ' is the number of abnormal cases (those subjects who 

do not experience the outcome of interest, those living in social housing, the sum of 

a+c). 

Q 1 and Q2 are estimated by: 

Ql =A/(2-A) 

Q2 = 2A 2 / (l + A) 

Ql and Q2 are also defined by (Hanley & McNeil, 1982) as: 

(6.5) 

(6.6) 

Ql = the probability of two randomly chosen abnormal cases (i.e. in Table 6.1 those 

living in social housing) will both be ranked with greater suspicion than a randomly 

chosen normal case (i.e. in Table 6.1 those living in private housing). 

Q2 = the probability of one randomly chosen abnormal case will be ranked with greater 

suspicion than two randomly chosen normal cases. 

The formula to calculate the confidence interval for Sensitivity is written: 

Sn(I-Sn) 
Sn±ZI_aI2 
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And for Specificity is written: 

Sp(1-Sp) 
Sp±Zt_O/2 (6.8) 

In the next Section first the construction of ROC curve in logistic regression will be 

discussed. Then the ROC curve will then be used as a tool to evaluate the different 

logistic models produced earlier in Chapter 5. 
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6.4 Logistic regression and ROe 

In Chapter 5 the analysis of the Cam den mortality data using logistic regression was 

presented in detail. Seven models were introduced which conditioned on basic socio

demographic information and information about three popular causes of hospital 

admissions (FIS) either sequentially or in a 'block'. Models were also adjusted to 

include different ways of handling categorical items. In this sectionIuse the ROC curve 

as an additional tool to evaluate different logistic models produced earlier in Chapter 5. 

Firstly,Ineed to define how a ROC curve is produced in the context of a logistic 

regression model. 

6.4.1 Classification Table 

The use of a classification table is a customary way of summarizing a fitted logistic 

model. Hosmer & Lemeshow (2000) define it as: " ... the result of cross-classifying the 

outcome variable, y, with a dichotomous variable whose values are derived from the 

estimated logistic probabilities". In order to obtain the derived dichotomous variable, a 

cut-point, c, needs to be defined. By defining c (say, 0.5, the default value in SPSS and 

Stata), each estimated probability derived from logistic regression for every individual 

would be compared with c. By setting up the c value = 0.5 means that any individual . 

with an estimated probability of mortality value over 0.5 is assigned to be a case i.e. 

the derived value will be equal to 1, otherwise an individual is not a case or has a 

derived value equal to O. 

However, Hosmer & Lemeshow (2000) with detailed explanation prove that the 

classification always favours the larger group between the two component groups 

(misclassification) " ... a fact that is also independent of the fit of the model". The main 

point here is while the overall rate of correct classification is high or reasonable, it 

happens that the rate of the negative cases (0) classified by model is high but the rate of 

the positive cases (1) is low. The aim is to maximise the true positive rate (sensitivity) 

and to minimize the false negative rate. If the true positive rate (sensitivity) and the 
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false positive rate (l-specificity) can be plotted, then we can decide how well the data 

fits the model. . 

These authors have provided 'rules of thumb' to assist the analyst in deciding on the 

discriminatory value of a particular model. In order to assign a case to a binary 

category (death or not) based on the model a 'cut-off probability is determined by 

equating 'sensitivity' and 'specificity'. This is equivalent to assuming that the cost of a 

false negative is the same as the cost of a false positive and therefore, the rule is 

'context dependent'. In different applications of Roe analysis ranging from their 

original use in interpreting radar signals Mason & Graham (2002) and subsequent use 

in screening and clinical diagnosis (Pepe, 2003) the costs attached to false negatives 

and false positives may be different e.g. the costs of treating someone who is not a case 

may be greater or less than the costs of failing to treat someone who is a genuine case. 

For this reason the evaluation of the discriminatory power of the models has to be 

taken as 'indicative' despite the fact the application of Hosmer & Lemeshow's 

evaluation is now routinely provided by SPSS and Stata in Roe analysis. 

6.4.2 Plot of Sensitivity and Specificity 

-
By setting the cut-point to a different value, the values of sensitivity and specificity 

will change. To choose an optimal cut-point for the purpose of classification, we need 

to select a cut-point that maximises the sum of sensitivity and specificity (AItman, 

1999) or as Lemeshow (2007) suggests, " ... choosing a cutoff that makes both 

Sensitivity' and Specificity relatively high". As Hosmer & Lemeshow (2000) 

emphasize, this choice will be facilitated by a 'plot of sensitivity and specificity' 

where an optimal choice for a cut-point might be approximately anywhere the 

sensitivity and specificity curves cross. 

To illustrate this idea, will be helpful to consider a specific example of the construction 

of a Roe curve produced for four basic binary factors; age, gender, housing tenure and 

tax banding. This example analysed by both SPSS and Stata. Whereas SPSS provides a 

table of 'coordinates of the curve' which includes all possible probability cut-points, 

sensitivity and I-specificity, Stata simply plots sensitivity and .specificity versus all 
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possible probability cut-points.Iwill use both outputs to develop an understanding of 

varying the cut:points. 

The 'coordinates of the curve ', produced by SPSS has been modified by adding the 

sequence, combination, estimated probability and 'specificity' columns to it, is 

illustrated in Table 6.2. The second column ' s name (positive if ~ a) is a default name 

given by SPSS where ' a ' represents the value of the estimated probabilities. The 

sensitivity and specificity in each row are calculated based on the value of 'a ' as a cut

point and any cases with a value greater or equal to ' a ' are assigned to being positive. 

As we can see in Table 6.2, the number of probability cut-points for four variables is 

16 (24), the number of different combinations for four binary variables. 

]n Stata instead of a 'coordinates of the curve ' table, we can obtain a ' plot of sensitivity 

and specificity versus all possible cut-points. Figure 6.2-a is an illustration of this plot 

and Figure 6.2-b is the plot of sensitivity and 1- specificity (ROC curve) for the above 

ex ample. 

Table 6.2 Coordinates of the Curve from SPSS - modified 

Cut-Point , -

The test result variable(s): Predicted probability has at least one ti e between the positi ve 
actual state group and the negative actual state group. 
' a' The small est cutoff value is the minimum observed test va lue minus I, and the largest 
cutoff value is the maximum observed test va lue plus ) . All the other cutoff values are the 
~ "p" g n,po of two consecuti ve ordered observed test values. 
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Figure 6.2 a) plot of sensitivity and speci.ficity versus all possible probability cut
points, generated by a logistic regression for four binary variables; gender, age, 
housing tenure and tax bands b) ROC Curve or plot of sensitivity and I-specificity 
(Stata output) 
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We will now continue to apply th is evaluation to the prevIous seven models as 

presented in Chapter 5. 
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6.4.3 Roe curves for seven logistic models in Section 5.2 

Figure 6.3 (a-g) includes a summary of the output from logistic regression and a graph 

showing the Area Under ROC Curve (AUC). 

Figure 6.3 ROC curves for seven logistic regression models used to predict 
mortality in Camden for residents aged over 50 years; a) Model-I: Predictors; four 
basic socio-economic factors (as for table-5.2) b) Model-2: Pred ictors; four basic 
socio-econom ic factors and three causes of hospital admission (as for table 5.3) e) 
Model-3: Increasing the number of levels for var iable' Age' from 2 to 3 (as for 
table-E. I ) d) Model-4: Increasing the number of levels for variable' Age' from 3 to 
4 (as for table-E.2) e) Model-5: increasing the number of levels for variable' Age' 
from 4 to 5 (as for table-E.3) j) Model-6: Increasing the number of leve ls for 
variable 'Tax band ' from 2 to 3 (as for table-E.4) g) Model-7: Increasing the 
number of leve ls for variab le 'Tenure' from 2 to 3 (as for table-5.4) 
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By improving the logistic models either by increasing the number of terms in the 

model or deepening the number of levels used to define categorical variables, the ROC 

curve at each step gradually changes from a staggered shape to a smoother curve form 

and the AUC also increases slowly. In the figure 6.3 (a-g), in each model the AUC are 

in bold. 

The values of the AUC and Pseudo R2 for comparison are presented in Table 6.3 

below. By comparing these two values we see a small but steady improvement in both 

AUC and PseudoR2 as models increase in complexity. As a brief resume comparing 

'model-I' which simply predicts mortality using four socio-economic factors with 

'model-7' which expands the categories for age, tenure and tax banding as well as 

including hospital admissions report, we see a modest 5% improvement for both 

criteria (see final row of table 6.3). 

Table 6.3 Summary results using area under ROC curve (AUC), PseudoR2, Log 

Likelihood and x 2 
for the Models 1-7 (as illustrated in figures 6.2 (a) - (g)). 

Model AUC PseudoR
2 LogL 

X
2 

Model-1 0.7585 0.1197 -10033.6 2727.8 
Model-2 0.7759 0.1360 -9847.4 3100.2 
Model-3 0.7965 0.1548 -9633.2 3528.5 
Model-4 0.8026 0.1658 -9507.8 3779.3 
Moael-5 0.8051 0.1677 -9486.6 3821. 8 
Model-6 0.8059 0.1687 -9474.3 3846.5 
Model-7 0.8060 0.1695 -9608.8 3577.3 
Improvement 0.0475 -5% 0.0498 -5% 

The x 2 
for all models is significant at level 0.0000. 

Appendix-J summarises the process of improvement of the seven logistic regression 
models. 
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6.S Examining the model refinement presented in Chapter-S by the 

use of ROC curves 

The aim of this section is to examine the process of model refinement in Section 5.3 

once again, with use ofROC curves. To achieve this ROe curve first will be used as an 

evaluation tool to contrast different models with 'continuous' and 'dichotomous' age, 

as discussed in 5.3.1. Then, the effect of interaction terms on model refinement 

(discussed in 5.3.2) also will be assessed with ROC curves. Finally, the area under 

ROC curve of the final model (model-7 in Section 5.2, Table 5.4) will be compared 

with the model introduced in Section 5.3 (Table 5.6) which includes an interaction 

term between housing tenure and age. 

6.5.1 Comparing the AUC of the models with 'continuous' and 'dichotomous' age 

discussed in Section 5.3.1 

In order to assess the effect of the continuous variable age on model refinement, three 

models including model-I, -2 and -7, with 'continuous' and 'dichotomous' age 

variable were contrasted in Chapter 5. Here once again the differences between each 
,c 

pair of models with dichotomous and continuous age will be assessed with use 'Of ROC 

curve. 

6.5.1.1 Comparing the AUC of the model with four binary socio-economic 

variables (first logistic model in Chapter 5) and the equivalent model with 

'continuous' age 

Figure-6.4 illustrates the area under ROC curves of two logistic regression models with 

four socio-economic factors (age, gender, housing tenure and council tax bands). 

Figure-6.4a is an illustration of the logistic model with three binary factors and 

continuous age and Figure-6.4b is a copy of model-l in Chapter 5 with four binary 

factors. The area under ROC curve for the model with the continuous variable age 

shows a 4% increase compared to the model with binary age, which provides a better 

level of discrimination. 

Figure-6.4 Illustration of the AUC of two logistic regression models with four 
factors; a) with age as a continuous variable b) all 4 factors are binary. 
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6.5.1.2 Comparing the AUC of the model with seven binary socio-economic 

variables (the second logistic model in Chapter 5) and the equivalent model with 

'continuous' age 

Figure-6.5 illustrates the area under the ROC curves of two logistic models with seven 

factors including the four socio-economic factors and three causes of hospital 

admissions (FIS). In Figure-6.5a the variable age is a continuous variable- and in 

Figure-6.5b all variables are binary (a copy of model-2 in Chapter 5). 

Figure-6.5 Illustration of the AUC of two logistic regression models with seven 
factors ; a) with age as a continuous variable b) all 7 factors are binary. 
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The improvement of the area under ROC curve in model with the continuous variable 

age is about 3.4% which is noticeable. 
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6.5.1.3 Comparing the AUC of the logistic model with extended levels of 

categories for age, tenure and tax band (model-7 in Chapter 5) and the equivalent 

model with 'continuous' age 

Figure-6.6 illustrates the area under ROC curves of two logistic regressions with all 

variables discussed in the final model in Chapter 5. In Figure-6.6a tenure and tax bands 

are dichotomous variables but age is a continuous variable. In Figure-6.6b the variable 

age is also dichotomous (equal to Model-7 in Chapter 5). 

Figure-6.6 Illustration of the AUC of two logistic regression models; a) equivalent to 
the final model with continuous age b) Final model (Model-7). 
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By comparing the above two models while the area under ROC curve for both models 

shows an excellent level of discrimination, the area under ROC curve for the model 

with age as a continuous variable is less than 0.5% bigger than the final model with 

five age categories, suggesting that we do not gain a great deal by adding age as 

continuous. 

Here, again, the effect of the continuous variable age on three models, discussed in 

Section 5.3, has been assessed with ROC curves. The outcome confirms that 

differences exist between the first two models with binary age and age as a continuous 
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variable. However, in the last models (illustrated in Figure 6.6) there is a little to 

choose betwee'n the model with 5 level ages and the one with the continuous variable 

age. 

6.5.2 Examining the impact of interaction effects by using ROe curves 

In Chapter 5 the impact of allowing for interaction in different models were discussed 

in detail. Again, the AUC of the final model is compared with another model which 

includes the same variables including some interaction terms. Figure 6.7a shows the 

area under ROC curve of the final model and Figure 6.7b is the illustration of the final 

model with interaction between tenure (with three categories) and age (with five 

categories), equivalent to the model introduced in Table 5.6. 

Figure 6.7 The area under ROC curve; a) final model without interaction terms, b) 
equal to the final model including the interaction between tenure and age. 
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The area under ROC curves in Figure 6.7 clearly shows that the interaction effects is 

very minimal and can be safely discarded. 

147 



6.6 Evaluation of different models with 'social services' as outcome 

variable by ROe curves 

In Section 5.4 four different logistic models were discussed with the outcome variable 

'social services'. These four models include: the basic model with four binary variables 

(equal to Model-I); model with seven binary variables (equal to Model-2); final model 

(Model-7) and finally the model equivalent to the final model but with the continuous 

variable age. 

In this section the level of discrimination of each of these models are evaluated with 

ROe curves. Figure 6.8 shows four Roe curves of four different models including; (a) 

the model with four binary variables (age, gender, housing tenure and council tax 

band), (b) the model with seven binary variables by adding three causes of hospital 

admissions (FIS) to the previous model in (a), (c) final model and (d) the model 

equivalent to the final model with age as a continuous variable. 

The Roe curve for both models (a) and (b) in Figure 6.8 with AUe of 78% and 

79% represent a very good (high) discrimination between the' most and least 

advantaged'groups. However, the AUe for two other models; (c) and (d) in Figure 

6.8 are above 80% (82% and 82.5%), as Hosmer & Lemeshow (2000) state, are 

considered as an excellent discrimination. The differences between the areas under 

ROe curve for two models in Figures 6.8-c and 6.8-d (the final model with 

dichotomous and the continuous variable age) are also very small (0.5%), which 

indicates the contribution of the continuous variable age to the model improvement 

is not significant. 
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Figure 6.8 ROe curves for four different models with 'social services ' outcome; a) 
equal to mGdel-l , b) equal to model-2, c) equal to final model and d) equal to the 

final model with the continuous variable age. 
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6.7 Comparing the AUC of the Observed and Estimated risk 

In Chapter 4 the observed risk of mortality for different combinations of different 

factors were assessed and several risk ladders were produced. In Chapter 5 the relative 

importance of risk factors with help of several logistic models were estimated. In 

order to assess how well the logistic models can predict the risk, the observed risk 

(output of risk ladder) and estimated risk for the combination of four factors; age, 

gender, housing tenure and council tax bands (derived from logistic models, illustrated 

in Table 5.14), are compared in this section. The result of the assessment is illustrated 

in Figure 6.9. Figure 6.9 (is based on Table 5. 14) illustrates the comparison of 

observed probability of mortality for sixteen different combinations of four basic 

socio-economic factors (produced in risk ladder-I , Table 4.2) with estimated 

probability by logistic regression for the same combinations of all four variables for 

people aged 50 years old or more in Camden. 

Figure 6.9 Comparing observed probability of mortality for sixteen different 
combinations of four socio-economic factors (produced in risk ladder-I , Table 4.2) 
with the estimated probability by logistic regression for the same combinations. 
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By comparing the outcomes from risk ladder methodology (observed probability) and 

the estimated probability with logistic regression, we get very similar patterns of 

probabilities, validating the precision of our models. 
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The AUC of the observed and estimated risk of four socio-economic factors for the 

purpose of cOlnparison are also illustrated in Figure 6.10. 

Figure 6.10 AUC of the Observed and Estimated risk for 4 socio-economic factors; 
a) Based on observed risk of risk ladder-l in Table 4.2, b) Based on estimated risk 

extracted from logistic regression model-I. 
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- The AUC for observed risk (Risk ladder-1.1, Table 4.2) in Figure 6.10a were created and 

calculated in 'Excel' and the AUC for estimated risk in Figure 6.1 Ob were produced by 'Stata'. 

By comparing the two AUC for observed and estimated risk of mortality for the 

combinations of four factors shows a very similar (76%) discriminatiDn between the 

most and least advantaged group of people. 
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6.8 Gini Coefficient and its relationship with ROC Curves 

The Gini coefficient is one of the popular measures of inequality of a distribution, 

mostly used to measure income and wealth inequality Gastwirth (1972). It has also 

been applied in other disciplines to measure the health inequality (Van Doorslaer & 

Jones, 2003) and the performance of supervised classification rules in machine learning 

(Hand & Till, 2001). The most commonly accepted measure of inequality is the 

triangular area which falls above a Lorenz curve (Morgan, 1962; Gastwirth, 1972). "A 

Lorenz curve is a plotting of the cumulative proportion of units arrayed in order from 

the smallest incomes to the largest against the cumulative share of the aggregate 

income accounted for by these unites" (M organ, 1962). 

Figure 6.11 illustrates a geographical representation of the Gini coefficient (Gini 

index). 

Figure 6.11 Geographical representation of the Gini coefficient 

o Cumulative percentage of households 100% 

6.S.1 Estimation of Gini coefficient 

For perf~ct equality the Lorenz curve would overlap the diagonal (indication of a Gini 

coefficient of '0' ) and in the case of a perfect inequality the Lorenz curve would 
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overlap the bottom and right straight line indicates that a single household receives all 

of the income; will result a Gini coefficient of' 1 '. In other words, the closer the Lorenz 

curve to the diagonal the less the inequality. 

The formula for approximating the Gini coefficient (Morgan, 1962) is: 

G Area between Lorenze curve and diagonal 

Area under diagonal 

0.5 - Area under Lorenzecurve =-----------
Area under diagonal 

=1-(Areaunder Lorenz curve x 2) (6.9) 

Sometimes the Lorenz curve can not be defined across its whole range but the values at 

certain intervals is available or can be estimated. In this case the Gini coefficient can be 

approximated by interpolating any missing values. 

For the ease of understandingIwill follow the reminder of the explanation witl! help of 

the Risk la.dder-1.1 (Table 4.2). Figure 6.12 is an illustration of the Lorenz curve for 

Risk ladder-I. The Lorenz curve in Figure 6.12 is produced by plotting the cumulative 

values of the proportion of population of sixteen different combinations (groups) and 

the cumulative probability (risk) of mortality for each group. 

If (Xk• Y k) are consequently representation of X and Y coordinates of each points on 

Lorenz curve and the Xk is indexed in increasing order such as, Xk > Xk-I and: 

Xk is the cumulative proportion of the mortality variable, for K= 0, ... , n, with 

Xo = 0 and Xn = 1. 

Yk is the cumulative proportion of the population variable, for K = 0, ... , n, 

with Yo= 0 and Yn = 1. 

The Gini coefficient can be approximated by using the values of X and Y of n points, 

so: 
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11 

G ~ ] - 2)Xk -Xk_I)(Yk +Yk-I) 
k=1 

(6.10) 

The value of Gini coefficient for Risk ladder-I. 1 us ing equation 6.10 is 0.42. As we 

can see in 6.] 0, the rea l value of 'G' usually is greater than the output of the above 

equation. Indeed as Gastwirth (J 972) states, the above approximation leads to an 

under-estimation of 'G' since the straight line connecting the two points on Lorenz 

curve lies above the convex curve. So, the output wi 11 represent the lower bound of the 

'G'value. In order to produce a more accurate resu lt, Gastwirth ( 1972) a lso developed 

a method to est imate the upper bound, which the further discussion on it, is not the 

purpose of this study. Whi le Morgan ( 1962) be lieves: "For e ight or more groups this 

approximat ion shou ld be quite close". 

Figure 6.12 Lorenz curve of the Risk ladder-I. 1 in Table 4.2 
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6.8.2 The relationship between the area under ROe curve and Gini coefficient 

Han ley & McNe il ( 1982) show that the area under ROe curve is equiva lent to 

Wilcoxon test of rank. It is also closely related to the Gini coefficient which sometimes 
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is used as alternative measure (Hand & Till, 2001). Gini coefficient is actually twice 

the area between the diagonal and Roe curve (Breiman et aI., 1984). Hand and Till 

(2001) state that Gini +1 = 2 x AVe. 

The area under ROe curve for Risk ladder-1.1 as stated in Section 6.7 is 0.76 and the 

area above the diagonal is 0.76 - 0.5 = 0.26. However the Gini coefficient estimated by 

6.10, is 0.42 and by diving it to 2, it would result 0.21 which is smaller than the area 

between diagonal and the Roe curve in Risk ladder-I. This difference could be as a 

result of the under estimation by 6.10 which leading to lower bound as stated by 

Gastwirth (1972). One way of reducing this difference could be increasing the number 

of points on Lorenz curve. More precisely, the equation 6.10 would work better for the 

studies that dealing with more groups. 

Summary In this chapter the performance of different models and their capability in 

justification of the data in the previous chapter are examined with use of ROe curves 

as an evaluation tool.The results of these tests are promising and confirm the reliability 

of the methods and their findings. In another attempt the predicted risk of mortality of 

different groups of people by one of the logistic regression model were contrasted with 

the observed risk of mortality for the same groups. Once again the test shows that the 

outcome of the prediction is quite close to the observed risk and therefore consistent. 

Finally an alternative method of measuring the inequality (Gini Coefficient) was 

introduced and with help of an example was compared with the ROe curve. 

In the next chapter, the findings of this study will be compared with relevant policy and 

the implications on these policies will be discussed at length. 
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7 Policy implications 

"The primary determinants of disease are mainly economic and social, 

therefore its remedies must also be economic and social. " (Rose, 1992) 

7.1 Introduction 

In the introductory chapter the importance of health promotion and prevention of ill 

health for older people was discussed, and in particular how these areas have became 

key aspects in social and national policy across health and social care in the new 

millennium. In addition, it was also acknowledged that the promotion of health is part 

of a wider strategy for reducing social inequalities in health with a particular focus on 

those in poor health (Department of Health, 1999; Godfrey, 2001). Considering these 

factors, it is important that as we try to address these socio-economic differences in 

health we also try to quantify and measure any reduction. This issue is critical as the 

way the gaps are quantified and measured can affect the results (Low & Low, 2006). 

In Chapter-l the policy context at national and local government level and the existing 

strategies and delivery plans were reviewed. The National Service Framework (NSF) 

for Older People; the central guidance to this study and particularly Standard-8 ofNSF 

for older people ('to extend the healthy life expectancy of older people' by 

'modification of risk factors for disease') were discussed in more detail. In Chapter 3 a 

number of socio-economic and health related risk factors were identified by 

combining the health and local authority administrative data sources in Cam den. The 

risk factors were assessed empirically by a combination of methods and analytical tools 

in Chapters 4, 5 and 6. In this chapterIwill discuss how the empirical findings of this 

study could assist and improve existing policies. 

In Section 7.2 a set of implications for intervention will be 'described based on the risk 

ladder analysis for combinations of different factors. In Section 7.3 these findings will 

be converted into recommendations using the results of logistic regression to explore 

the relat~ve importance of the various factors. 
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It is also worth noting that in the following two sections there might be some issues 

regarding disparity in the findings for the two principal methods of analysis; risk ladder 

and logistic regression. As was previously discussed in the introductory section of 

Chapter 5, it was explained that the risk ladder analysis shows the level of risk for 

different combination of factors (or different groups of people with similar socio

economic and/or health related characteristics) taken altogether in each combination. 

Whereas in the case of logistic regression it quantifies the contribution of each risk 

factor on outcome for the entire target population. Any combination of factors present 

(used to define analogous combinations identified in risk ladder) can be then used to 

estimate an overall estimated probability (an example of it is presented in Figure 6.9). 

158 



7.2 Policy implications based on observed risk/probability from risk 

ladders 

In this section policy implications based on the findings of risk ladder analysis 

(observed risk/probability) in Chapter 4 will be discussed. The first part of this section 

is based on observed risk of mortality and the second part is rooted in observed 

probability of someone being in contact with social services. 

7.2.1 Policy implications based on observed risk of mortality 

i) Policy implications based on observed risk of mortality as a result of three causes of 

hospital admissions (falls, ischemic heart disease and strokes) 

Figure 7.1 below illustrates the relationship between each of the three causes of 

hospital admissions and mortality. The percentage shows the observed risk of mortality 

for those people who had at least one incident of admission to the hospital as a result of 

one of three causes (F, I or S). Figure 7.1 shows that between these three causes, 

Ischemic heart disease has the lowest risk (17.6%) and Stroke has the highest ~ffect on 

mortality. 

Figure 7. 1 Illustration of the observed risk (Obs-R) of mortality as a re ult of each of 

the three causes of hospital admissions in the period 2002-04 

Note: based upon Table 4.1 
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Figure 7.2 below, also shows the mutual effect of two causes of hospital admissions on 

mortality. The' risk of mortality as a result of the joint effect of stroke and fall is the 

highest (44.8%). The risk resulting from the combined effect of heart disease and falls 

is the lowest (28.2%), though th is is still relatively high compared with 604% for those 

group of people who did not have any record of an incidence of hospital admission as a 

result of the three causes (falls, ischemic heart disease and strokes). 

Figure 7.2 Illustration of the observed risk (Obs-R) of mortality as a result of the 
joint effect of two causes of hospital admissions in the period 2002-04 

Note: based upon Table 4.1 

ii) Policy implications from observed risk in Risk ladders 1.1 - 1.4 (combinations of 

four sodo-economic factors and three causes of hospital admissions, illustrated in 

l'ables 4.2-4.5) 

The findings of risk ladders 1.1 - 104 (in Tables 4.2-4.5) clearly show that in all 

combinations age plays a very important role in determining mortality (except in the 

case of Risk ladder l A, where the combinations of four socio-economic factors and 

'Stroke' , is a little lower than the others). 

The second important set of factors is the causes of hospital admissions (falls, ischemic 

heart disease and Strokes). The potency of each cause on mortality was discussed 

earlier and was illustrated in Figure 7.1. 
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The third factor is council tax banding which, in general, for the combinations of four 

socio-economi'c factors (Risk ladder 1.1), the combination of four socio-economic 

factors plus ischemic heart disease (Risk ladder 1.2) and stroke (Risk ladder 1.4) is 

influential but not for the combination of four socio-economic factors and falls (Risk 

ladder 1.2). The variable gender also alters the risk of mortality for the combination of 

four socio-economic factors and the combination of four socio-economic factors plus 

falls but not for the combinations of four socio-economic factors with heart disease and 

strokes. 

The findings do not suggest that housing tenure has a significant impact on risk of 

mortality for those groups of people who had an incidence of hospital admission as a 

result of heart disease. However it shows that those groups of people who experienced 

a fall and were living in 'private housing'\\ are relatively more at risk of mortality than 

those living in social housing. In other words those who died and had an incidence of 

fall before death were more likely to be living in private housing than social housing. 

The findings also suggest that those who died and had an incidence of stroke before 

death were more likely to be in social housing. 

So far the outcome of the risk ladder analysis suggests (once age is excluded as the 

most dominant factor for hospital admission) those who were admitted as a result of 

stroke were the most vulnerable group(Centre for Disease Control and Prevention, 

1999; Philp, 2004). Standard-5 of the National Service Framework for older people 

(Department of Health, 2001) also emphasises that: "Stroke is the single biggest cause 

of severe disability and the third most common cause of death in the UK and other 

developed countries". The relationship between stroke and other factors (falls and heart 

disease) is also strong. Therefore there is an argument that the priority of resource 

allocation should be concentrated on those groups of people who had an incidence of 

stroke. 

The outcome from the risk ladder analysis shows that the risk of mortality is quite high 

for patients with heart disease, which is one of the top three most likely causes of death 

(American Heart Association's Heart Disease and Stroke Statistics, 2004; Philp, 2004). 

11 The issue of housing tenure will be discussed in the final chapter. 
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There is also a strong relationship between those who had at least one incidence of 

hospital admission for each of the two causes, falls and strokes, which leads to the 

conclusion that prevention of strokes will reduce incidence of falls (by considering the 

age factor). The studies on relationship between strokes and falls support the above 

assertion. The study conducted by Olsson et al. (2004) shows the positive correlation 

between patients in stroke rehabilitation and risk of fall. Nyberg & Gustafson (1995) 

also consider falls as a significant problem in stroke rehabilitation and Poole et al. 

(2002) state: "hip fracture after stroke is an increasingly recognized problem". 

Falls in combination with age factor were also found to have stronger relationship with 

private housing compared with social housing (a combination of council housing and 

housing association properties). This could indicate that in general more affluent 

people have a higher chance of living longer and consequently, the risk of having an 

incidence of admission to the hospital as a result of a fall is higher for them. Further 

research could expand on these analyses by investigating the sequence of occurrence of 

each cause of hospital admission to identify which incident comes first. 

7.2.2 Policy implications based on observed probability of someone being known 

to social services 

In Section 4.5 the risk of mortality and the probability of being in contact with social 

services were discussed in detail. A resume ofthe findings suggests the following: 

i) Comparing the risk of mortality and the probability of being in contact with social 

services shows that for the same level of risk of mortality, females are more likely to 

be in contact with social services than males (except in the case of Risk ladder 2.4, the 

combination of four socio-demographic factors and stroke). 

ii) Those living in social housing are more likely to be in contact with social services 

than those living in private housing. This could indicate that being in contact with 

social services is protective for falls. 

iii) The factor 'fall' plays an important role in allocation of the social services' 
.. 

resources particularly when taken in combination with age. 
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iv) Those living in lower council tax band properties (Le. poorer residents of Camden) 

are more likely to be known to social services than those living in higher tax bands 

(wealthier). 

7.2.3 Further analysis of social services with risk ladders 

Once again in order to assess the relationship between social services and the risk of 

mortality, or in other words, to examine if the services provided by social services are 

allocated to the people most at risk or not, the following risk ladders were created. The 

risk ladder illustrated in Table 7.1 includes four socio-economic factors and contact 

with social services as predictors with outcome variable, mortality. After sorting the 

risk of death for all combinations in ascending order, the effect of each variable on the 

outcome is as follows: 

The most powerful factor in this risk ladder, as highlighted in its related column, is 

contact with social services. Twelve combinations at the bottom of the social services 

column, with the highest level of risk being those combinations which are in contact 

with social services, indicates that the services are already provided to those at most 

risk of death. 

The second strongest factor is age. Eight out of nine groups with the highest level of 

risk of mortality and in contact with social services are from older age groups. 

Generally females are more in contact with social services than males (as established 

earlier, when 'social services' was included as outcome variable). However, when 

social services are included in the model as a predictor and the risk of mortality is the 

outcome variable, males are relatively more in contact with social services. This means 

males are more likely to be in contact with social services when they are in critical 

health condition. This would seem to suggest that men should be specifically targeted 

as a group for receipt of early intervention services, particularly given that "Loneliness 

resulting from the death of a spouse, poor social support and physical illness or 

disability can lead to self-harm and suicide in old age - particularly amongst older 

men" (Kelly & Bramwell, 2006). 
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For the variables ' housing tenure' and ~ tax banding' the diffe rence between the 

residents of social and private housing, and similarly for those living in low or high 

council tax bands properties, is not very large. However, for both variables the 

differences are considerable. Table 7.1 shows that the probability (P) of death for those 

living in private housing, higher tax bands and in contact with social services is higher 

than the reverse group (for the variable housing tenure, risk ladder 1.2 in Table 4.3 also 

shows similar output). 

Table 7.1 A risk ladder with four socio-economic factors and social services with 
outcome variable 'Mortality' 

Seq Age Gender Tenure Tax Band SS No. of Death Population p of Death Conf.lnterval 
u u u u u (If 01l1l0 .Clo .u- o .0"/0 

2 0 0 0 1 0 8 487 1.6% 0.5% 2.8% 
3 0 1 0 0 0 116 7021 1.7% 1.4% 2.0% 
4 0 0 1 0 0 69 4100 1.7% 1.3% 2.1% 
5 0 0 1 1 0 75 2717 2.8% 2.1% 3.4% 
6 0 1 1 0 0 124 3802 3.3% 2.7% 3.8% 
7 0 1 0 1 0 25 711 3.5% 2.2% 4.9% 
8 0 1 1 1 0 145 3235 4.5% 3.8% 5.2% 

tJ ;, 9 ,'1;-t" 0 , .. ,· ... ,0 O;c',' 0 I :';:~~;< '".,1 :. 1 "k'; .. ' 1 • 11 9.1% -7.9% 26.1% 
10 1 0 1 0 0 193 1862 10.4% 9.0% 11 .7% 
11 1 0 0 0 0 307 2673 11 .5% 10.3% 12.7% 
12 0 0 1 0 1 20 168 11 .9% 7.0% 16.8% 
13 0 0 1 1 1 18 147 12.2% 6.9% 17.5% 
14 1 1 0 0 0 293 2346 12.5% 11.2% 13.8% 
15 1 0 1 1 0 257 1849 13.9% 12.3% 15.5% 
16 1 0 0 1 0 36 246 14.6% 10.2% 19.1% 
17 1 1 1 0 0 222 1419 15.6% 13.8% 17.5% 
18 1 1 0 1 0 35 222 15.8% 11 .0% 20 .6% 
19 0 0 0 0 1 13 79 16.5% 8.3% 24 .6% 
20 1 1 1 1 0 265 1483 17.9% 15.9% 19.8% 
21 0 1 1 0 1 27 147 18.4% 12.1% 24.6% 
22 0 1 0 1 1 4 19 21 .1% 2.7% 39.4% 
23 0 1 1 1 1 40 188 21 .3% 15.4% 27 .1% 
24 1 0 1 0 1 132 492 26.8% 22.9% 30.7% 
25 1 0 1 1 1 181 637 28.4% 24 .9% 31 .9% 
26 1 0 0 1 1 20 65 30.8% 19.5% 42.0% 
27 0 1 0 0 1 19 60 31 .7% 19.9% 43.4% 
28 1 0 0 0 1 151 440 34.3% 29.9% 38.8% 
29 .' 1 1 1 1 '. 1 126 351 35.9% 30.9% 40.9% 
30 -. 1 t" 1 0 0 1 81 225 36.0% 29.7% 42 .3% 
31 1 .. 1 1 .". o " 1 97 249 39.0% 32.9% 45 .0% 
32 ,. 1 '. 1 0 1 - 1 14 26 53.8% 34.7% 73.0% 

An alternative interpretation is that social services tend to allocate their services more 

to those who are living in private housing and higher tax bands (wealthier) . One reason 

for this could be that social services concentrate more on those who have experienced a 

fall (as discussed earlier on Risk ladder 2.2, Table 4.8), which usually includes older 
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age groups (over 80 years old) and they are older because they are typically wealthy. 

This relationship could be simplified as: 

The wealthier ~ the longer life expectancy ~ the higher risk of fall ~ the higher 

probability of being in contact with social services 

However, this relationship cannot be generalized to the entire population as it only 

explains the level of risk (p) for some of the combinations or group of people without 

considering the size of each group (as discussed in Section 7.1). 

In relation to age factors, and in support of the above assertion, in' A practical guide 

for older people' published by 'Age concern' and the 'Royal Society for the Prevention 

of Accidents' (2004) it is stated: " an 85 years old is five times more likely to have a 

fall than a 65 year old". In relation to wealth, in Chapter 1 the relationship between 

wealth and ethnicity also was discussed. In the UK 16% of white people are aged 65 or 

older while 9% of Black Caribbean and only 2% of Black African or Mixed race are 

aged 65 or older (Age Concern, 2005). 

Another possibility could be that richer residents have higher levels of educational 

attainment ,and consequently, better understanding of entitlement to the available 

services. It suggests that for those who are not aware of their entitlement to the 

available services; (Le. one in four older people in Cam den, based on health inequality 

report by Camden and Islington Health Authority (2001», more sources of help and 

advice need to be provided. 

Table 7.2 below also shows a risk ladder with combinations of four factors; gender, 

falls, stroke and social services. In this risk ladder the outcome variable is mortality 

and 'stroke' plays an important role in increasing the level of risk of mortality. 

However contact with social services is an interesting factor when the combinations of 

the other factors for different groups are held constant. Two groups with the highest 

probability of death are males and females who had experienced at least one fall and 

one stroke and are not in contact with the social services. By contrast, those groups of 

people with the same combination of factors but who are also in contact with social 

services had a much lower probability of death. This differences in probability of death 
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for females changes from 60% to 28% (comparing the combinations with sequence 

numbers 16 '0110' with 8 '01 11) and for males it changes from 50% to 40% 

(comparing the combinations with sequence numbers 15 '111 0' with 13 '1111 ' ). 

Clearly the effect of contact with social services is much greater for females than it is 

for males. 

Table 7.2 A risk ladder with four factors; Gender, Falls, Stroke, social services 
with outcome variable 'Mortality' 

The outcome of the second risk ladder in Table 7.2 suggests that the preference of 

service allocation must be based on the following order: 

i) Those groups of people who were admitted to hospital at least once for fall 

and for stroke. 

ii) Those who had at least one stroke. 

iii) Those who had at least one fa ll. 

However the above order is a broad gu ideline and more factors should be taken into 

consideration when making decisions concerning particular cases. 

To expand our exploration of the effect of each factor on mortality and the uptake of 

provision of social services, it will be more appropriate to examine the relative 

importance of risk factors using logistic regression models. 
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In this section a set of implications for intervention based on risk ladder analysis for 

combinations 'of different factors were discussed. In order to explore the relative 

importance of the various factors, in the following section these findings will be 

converted into recommendations based on the results of logistic regression. 
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7.3 Policy implications based on estimated risk/probability from 

logistic regression modelling 

In Section 7.2 the observed risk of mortality and the probability of being in contact 

with socia l services, based on several risk ladder analyses presented in Chapter 4 were 

discussed and policy implications were extracted. In this section some suggestions on 

policy, with the help of the findings from logistic regression modelling and the relative 

importance of each factor, will be discussed. 

7.3.1 Policy implications based on estimated impact of the socio-economic factors 

on Falls (F), Ischemic heart disease (I), and Strokes (S) 

In order to assess how much each of the three causes of hospital admission (falls, 

ischemic heart disease and stroke) are influenced by the available socio-economic 

factors, three logistic regression models were fitted based on the final model presented 

in Chapter 5, for each of the three causes. Table 7.3 shows the Odds Ratios (OR) of all 

variables for the three models. The non-significant ORs are highlighted. 

Table 7.3 Odds ratios of the three logistic regression models with outcome falls, 
heart disease and strokes. 

Figure 7.3 below is also an illustration of Table 7.3. The numbers above the arrows in 

Figure 7.3 are the ORs shown in Table 7.3 . [n Figure 7.3 the variable tenure 'H-A ' is 

short for Housing Association and 'C-H ' represents Council Housing. For the variable 
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age in Figure 7.3 , only the OR of Age-2 and Age-5 (minimum and maximum value of 

OR in Table 7.3) are demonstrated. The relationship between each of the four socio

demographic variables with three causes of hospital admissions shows: 

Figure 7.3 The relationship between 4 socio-economic factors and three causes of 
hospital admissions (F, I and S) with odds ratios based on logistic regression modelling 

in Table 7.3 

- -
e 

__ et 

- .. 
Lcgcnd 

Direction of the effect of the predictors ~ 

The effect of two predi ctors on each other 

(mutual e ffect) '2 
.. ~ 

Non significant predi ctors - ---- --- -- -;,:. 

.----- ---- .. 
Numerical information is OR, 95% confidence interva l 

i) Age: age has the strongest direct relationship with the increase incidence of falls . The 

risk of fall for those aged 60-69 years old (Age-2) compared with the reference 

category which includes those 50-59 years old (Age-I), is 1.84 times higher. However, 

12 Mutual effect is an average of the different OR for two predictors (causes of hospital 
admission) where one OR represents the first variable (e.g. Falls) as predictor (independent) 
and the second variable (e.g . Stroke) as outcome. The second OR represents the second 
variable (Stroke) as predictor and Falls as outcome. This is because we do not have the 
information on precedence of occurrence of the two factors (causes) . 
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the risk of falls for those aged over 90 years old (Age-5) compared to the reference 

category is 20:64 times higher. 

Figure 7.3 also shows the relationship between age and the two other outcome 

variables including heart disease and stroke. The ORs for the younger age group (Age-

2) for both outcomes ('I' and'S', respectively 2.18 and 2.59) is higher than the OR for 

Age-2 with outcome 'F' but the ORs for the oldest age is much smaller than the one 

with falls outcome (5.81 for 'I' and 9.59 for'S' compared to 20.64 for 'F'). In 

summary, age has a very strong positive relationship with the incidence of falls and a 

considerable effect on stroke but for ischemic heart disease, except in the case of 

younger old age (Le. for those people 60-69 years old) this relationship is quite modest. 

ii) Gender: Figure 7.3 also shows that compared to women, men are 1.72 times more 

at risk of heart disease and 1.43 times more at risk of stroke but 0.74 times less at risk 

of falls (or in other words, women are 1.35 times more than men at risk of having an 

incidence of a fall). 

iii) Tenure: Living in council housing (as a distinct risk factor) compared to private 

housing does not significantly influences the likelihood of experiencing a fall. While 

those living in housing association properties are 1.49 times more at risk of a fall than 

those living in private housing. The relationship between tenure and heart disease is 

quite strong. For those living in council housing, the likelihood of suffering from heart 

disease is greater than for those living in housing association property (respectively 

2.08 and 1.83 times higher than for those living in private housing). The influence of 

tenure on stroke is significant for both council housing and housing association 

property but contrary to heart disease, the risk of stroke is higher for those living in 

housing association property. So, the high risk of falls could be the consequence of the 

high risk of stroke for those living in housing association property (this was discussed 

earlier in Section 7.2). 

iv) Council tax bands: the effect of council tax bands is not significant on any of the 

causes of hospital admissions (shown by dotted lines in Figure 7.3). 

170 



----_._-----_._ ....... ---. --

v) The effect of the three causes of hospital admissions on each other: apart from the 

consequences' of four socio-demographic factors on three causes of hospital 

admissions, there are also some mutual influences of the three causes on each other 

which are illustrated with a double-sided arrow in Figure 7.3. The numbers next to 

each arrow are the average of two ORs of two variables in two sides of the arrow (i.e. 

the average of the ORs of the variable F with outcome S and the variable S with 

outcome F). The reason for calculating the average is that each of the two causes (on 

either side of the arrow) acts as both a predictor and an outcome variable in each of the 

models. For example in Table 7.3 when F is an outcome variable, the OR of S is 3.62 

and when S is an outcome variable, the OR ofF is 3.68 and the average of these two is 

3.65 (shown in Figure 7.3). Thus the mutual effect ofF and S on each other is 3.65 and 

the mutual effect of! and S on each other is 3.78, though this relationship between F 

and I is not significant. However, more accurate analysis of the above impact could be 

carried out if information about the sequence of occurrence of each cause were 

available. More precisely, if the date of each incident was available, then it would be 

possible to assess the relative impact of each cause on the other. 

7.3.2 Assessing the impact of each factor on mortality 

The impact of each predictor on each of the three causes of hospital admissions was 

discussed earlier. In this section, I am going to discuss the impact· of each of the 

predictors together with socio-demographic factors and causes of hospital admissions 

on mortality. In Figure 7.4 the OR of four socio-demographic factors and their 

categories are shown. For the variable age, the risk of mortality for different age groups 

compared to the reference category (Age-I, 50-59 years old), varies from 2.3 7 times 

for Age-2 (60-69 years old) to 33.41 times for Age-5 (90 years old or more). For 

gender, the risk ofmortality for men is approximately 1.5 times higher than women. 

The risk of mortality for those living in council housing compared to those living in 

private housing is not significant but those living in housing association (H-A) 

properties, are 1.43 times more at risk of mortality than those who live in private 

housing .. Those living in properties with tax bands D or E are 1.35 times more at risk 
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and those living in properties with tax bands A, B or Care 1.65 times more at risk of 

mortality than ·those living in the highest tax bands properties (with band F, G or H). 

Figure 7.4l11ustration of the relative impact of four socio-demographic factors on 
mortality using odds ratios 

Note: based upon Table 5.4 

In Figure 7.5 the impact of the three causes of hospital admissions (F, I and S) on 

mortality with their odds ratios is illustrated. The odds ratios for falls and ischemic 

heart disease are 1.75 and 1.76 respectively which means those who had an incidence 

of fall and heart disease, in that order, are 1.75 and 1.76 times more at risk of mortality 

than those who did not have. This increase of risk for stroke is much higher. Those 

who had an incidence of stroke are more than four times at risk of mortality than those 

who did not have an incidence. It suggests that the victims of stroke should be at the 

top priority of the soc ial services for allocation of their resources. 

Figure 7.5 Illustration of the impact of three causes of hospital admissions (F, 1 and S) 
on mortality with their odds ratios 

Note: based upon Table 5.4 
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7.3.3 Policy implications by assessing the impact of each factor ou probability of 

beiug in contact with social services 

Logistic regression modelling with social services outcome provides evidence for the 

relative importance of each factor. Earlier in this study I discussed that mortality is a 

good indicator for the measurement of health inequality. Therefore, comparing the 

values of the same factor with two different outcomes ('social services' and 

'mortality ' ) may provide us with some insight for policy. 

7.3.3.1 Policy implication by comparing the impact of four socio-economic factors 

on probability of being in contact with 'social services' and 'mortality' outcome 

The odds ratios for four socio-economic factors including age, gender, housing tenure 

and council tax banding for both outcome variables 'social services ' and 'mortality' are 

shown in Figure 7.6 . Figure 7.6-a represents the model with ' social services ' as the 

outcome and Figure 7.6-b is a copy of Figure 7.4. 

Figure7.6 Odds ratios for age, gender, tenure and tax band a) the outcome variable 
' social services' b) the outcome variable ' mortality' 

(a) (b) 

Note: based upon Table 5.12 

Comparing Figure 7.6-a and 7.6-b shows that: For the variable age (for all 4 categories 

exposed in Table 5.12) the estimated probability of being in contact with social 

services, is close to the estimated probability of mortality for the same age groups 
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which is reasonable. It indicates that regarding the variable age, people with 'equal 

risk' of mortality have 'equal access' to being in contact with social services. 

For gender, the model suggests men are 0.8 times less likely than women (or women 

are 1.25 times more than men) to be in contact with social services, while men are 1.49 

times more at risk of mortality. Assuming equal possibility of using resources of social 

services based on risk of mortality, women are 1.86 times more in contact with social 

services than men. 

Working with the same assumption, those living in housing association properties are 

1.48 times more likely to be in contact with social services and those living in council 

housing are 1.6 times more likely compared to those living in private housing. 

For both lower tax band categories (including 'D-E' and 'A-C') the model shows a 

slightly higher level of services by social services than level of their relative impact on 

mortality, which is reasonable. 

The reason for women being more in contact with the social services than men could 

be that females tend to out-live males and could therefore be 'living alone' and in need 

of social services support. Whereas males are more likely to be living with a partner .. 
and therefore, less likely to request support. The proportion also increases with 

advancing age. Office for National Statistics (2004a) in a report on 'living 

arrangements of older people states: "among women aged 75 and over who live in 

private households in Great Britain, 60 per cent lived alone in 2002 compared with 29 

per cent of men of the same age ... The majority of older men live in a married or 

cohabiting couple family, though the proportion declines with age". 

The explanation for those living in social housing and lower tax band properties of 

being more in contact with social services than those peoP.le living in private housing 

and higher tax band could also be related to the level of wealth, e.g. where wealthier 

people are in a position to pay for private carers. 

7.3.3.2 Comparing the impact of three causes of hospital admissions on 

probability of being in contact with 'social services' and 'mortality' outcome: 

Policy implications 
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The odds ratios of three causes of hospital admissions including falls, ischemic heart 

disease and strokes for both outcome variables 'soc ial services ' and ' mortality ' are 

illustrated in Figure 7.7. Figure 7.7-a represents the model with 'soc ial services' 

outcome and Figure 7.7-b is a copy of the Figure 7.5. 

Again, comparing the odds ratios of each cause of hospital admission in Figures 7.7-a 

and 7.7-b shows that those who had at least one incidence of hospital admission as a 

result of ' fall' are 1.93 times more likely to be in contact with social services than 

those who did not have. For those who had a stroke the odds are reversed. Those who 

had a stroke are 0.63 times less (negative) likely to be under the care of social services. 

For ischemic heart disease with ORs of 1.66 with social services outcome and 1.76 

with mortality outcome, it shows an appropriate allocation of social services resources. 

Figure7.7 Odds ratios for falls, heart disease and strokes; a) the outcome variable, 
'soc ial services' b) the outcome variable, ' mortality ' 

(a) (b) 

Note: based upon Table 5.12 

One explanation for this disparity in allocation of the social services resources for 

those who had at least one incidence of hospital admission as a result of falls or strokes 

is that, age is an important factor in determination of the likelihood of falls (as 

discussed in Section 7.2, illustrated in Figure 7.3). Therefore one possibility could be 

that older people with an incidence of fall tend to be less able to participate in physical 

activities than those of a younger age with an incidence of stroke. However thi s 
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assertion requires further investigation. A second possibility also mentioned earlier (the 

relationship between gender and the incidence of falls in Figure 7.3) is that females are 

more at risk of having a fall than males. It has also been suggested that women in older 

age are more likely to live alone than men. Thus, the factors of being in an older age 

group, female and experiencing falls helps to explain the gender disparity of being in 

contact with social services. 

It is noteworthy that the limiting long term illness (LL TI) data from the 2001 census 

also supports the above claim. Table 7.4 below is produced from the 2001 census data. 

Table 7.4 shows the percentage of males and females aged 50 years old or more in 

Camden with LLTI for every five years age group. As can be seen in Table 7.4, the 

proportion of females with LL TI aged 70 years old or more is higher than for males. 

Table 7.4 Percentage of male and female aged 50 years old or more in the Borough of 
Cam den with LL TI for every five years age group based on census 2001 

Percentage of people with LL TI 

Age Male Female 

50-54 25.92% 25.32% 

55-59 28.96% 30.07% 

60-64 36.90% 32.17% 

65-69 37.46% 35.83% 

70-74 43.63% 43.90% 

75-79 48.72% 50.34% 

80-84 57.88% 59.10% 

85-89 61.60% 67.67% 

90+ 69.71% 73.96% 

Note: Table 7.4 is based upon the data used in Section 1.4 to construct Figure 1.7 

In summary, the findings from risk ladder and logistic regression modelling suggest 

that, in general, males, living in social housing and lower council tax bands properties 

(indicative of lower socio-economic status) are most at risk of mortality confirming 

evidence spanning a broad swathe of history (Chadwick, 1842; Dorling et aI., 2001; 

Macintyre et aI., 2001; Washington State Department of Health, 2002b; White et aI., 

2006). It also confirms that those people, who had at least one incidence of hospital 

admission as a result of stroke, fall and heart disease respectively, are at higher risk of 

mortality. The findings of logistic regression also clearly indicate that poor health is 
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related to the lower socio-economic posi~ion of individuals (Auerbach & Krimgold, 

2001; Bowling, 2004; Buchanan, 2003; Mackenbach et aI., 1997). 

The findings also suggest that the allocation of resources by social services, at least in 

terms of being aware of a person's needs, in general, targets the most in need and the 

most vulnerable people. However there are also some disparities which would benefit 

from further investigation. 
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8 Discussion and Conclusions. 

8.1 Introduction 

In the previous chapter (Chapter-7) the interpretation of the substantive findings from 
." 

the study were discussed and some constructive policy suggestions were provided. This 

final chapter brings together a resume of aims and objectives, a discussion on the 

limitations of the study itself and potential future work. The final section will also 

provide a succinct conclusion based on the research in previous sections. 

8.2 Resume of aims and objectives 

The principle aim of this project was to enhance Cam den Primary Care Trust's strategy 

to specifically characterize the needs of the older people in response to NSF Standard 

8. More specifically the precise aims of this research were: 

i) To combine several administrative data sources in the London Borough of Camden 

for 2002-04 in order to draw relevant explanatory factors (potential risk factors) of the 

population of study for further analysis. 

ii) To examine the relationship between mortality rates and the extracted risk factors 

including; age, gender, housing tenure, council tax banding and three popular causes of 

hospital admission (falls, ischemic-heart disease and strokes). 

iii) To examine the relationship between those who have been in contact with 'social 

services' and the above potential risk factors in order to assess the appropriateness of 

the targeted population for service delivery. 

iv) To enhance Camden Primary Care Trust's strategies by identifying older people's 

needs in ill-health prevention and health promotion in specific geographical locations 

in response to NSF Standard 8. 
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The study met all the above objectives. The details about the data preparation 

procedure were discussed in Chapter 3. In Chapter 4 and 5 the relationship between 

different risk factors with both outcomes including risk of mortality and the probability 

of being in contact with social services were examined. Subsequently the 

appropriateness of the degree of involvement of social services was assessed. In order 

to prevent the older people's ill-health and to promote their health, by assessing the 

main health related risk factors, some constructive policy implications were provided 

in Chapter 7. 

The approach employed within this environment could be applied to conduct research 

in many other areas such as bioinformatics, medicine, social science, and economics 

including health economics. It could also be modified or improved upon based on the 

available data source and the requirements. 
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8.3 Discussion 

i) Ethical issues surrounding the merging individual records: In any research that uses 

administrative data about people there is an inevitable 'trade-off between protecting 

the individual's right to anonymity and privacy, and the use of the data for the 'public 

good'. There is an overall agreement by all experts that countless lives have been saved 

or improved as a result of using health information in medical research. The research 

and development of Department of Health and National Health Services (1998) states: 

"The aim of the Department of Health is to improve the health and wellbeing of the 

population and to secure high quality care for those who need it. Research is a 

powerful means of achieving these objectives". 

A report 'Personal Data for public good: using health information in medical research' 

by the Academy of Medical Science (2006) says that over-strict interpretation of data 

protection rules is stifling health research and may be causing tens of thousands of 

unnecessary deaths and injuries each year. There is, however, a need to find a balance 

between facilitating important research and protecting the confidentiality of patients 

(Strobl et aI., 2000). 

During this research Camden PCT and Cam den Council agreed an Overarching 

Information Sharing Protocol. The primary objective of the protocol is "".to improve 

the speed and efficiency of health and social care within Camrlen, without 

compromising the confidentiality and integrity of personal information" (London 

Borough of Camden, 2007b). The protocol sets out the agreement for the sharing of 

information between Camden Primary Care Trust (PCT) and Camden Council taking 

into account the effect of relevant legislation, guidance, plus common law, upon the 

way information is shared and used. The PCT has also agreed a service specific 

information sharing agreement - 'Integrating Services for ~hildren and young people 

(lSA)' with Camden Council. The overall aim ofISA is "" .to improve services for 

children and young people through better multi agency working and information 

sharing" (London Borough of Cam den, 2007c). 
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ii) Housing tenure: The information on housing ~enure used in this study is based on 

Camden's Local Area Shared Information Resources (LASIR) data base. The basis of 

the housing tenure in LASIR is the list of Camden's Registered Social Landlords 

(RSL) and Camden housing stock. Based on information from Camden Council, more 

than 20% of the council properties are owned by tenants following the 'right to buy' 

legislation in 1990. So, the occupants of these properties are no longer counted as 

council tenants but as leaseholders. In the list of RSL those properties that are 

leasehold are not flagged separately. In 'LASIR' the housing tenure is divided into 

three categories; council housing, housing association and private housing. Therefore 

anyone who does not live in council housing or housing association properties, (e.g. 

those living in 'private rented properties' or 'living rent free', a term used in census 

2001) are listed in private housing. Based on information from census 2001, around 

13% of people aged 50 years old or more in Camden are living in 'private rented' and 

2.4% are living in 'rent free' accommodations (Office for National Statistics, 2006a). 

The analysis of extracted data from Census 2001 related to the housing tenure in. 

Scotland shows that a large number of people (around 65%) of those identified as 

'living rent free' were actually social housing tenants (Boag, 2003). Similar 

information for England, London or Camden could not be found. 

The socio-economic status of those living in private rented accommodations is also a 

matter of concern. The question remains: can we place those living in private rented 

homes in the same category as those people who own their home? Easterlow· & Smith 

(2004) argue that private rented properties not only are in worse repair than owner

occupied properties but also are in worse repair than the local authority housing stock. 

In the 2004 English House Condition Survey (EHCS) some 27% of the owner

occupied stock is defined as non-decent, compared with 31 % of social housing and 

43% of private rented accommodation (Department for Communities and Local 

Government, 2006). Table 8.1 adapted from the annual report of EHCS by Department 

for Communities and Local Government (2006) shows the percentage of non-decent 

_ homes by tenure. 
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Table 8.1 Change over time, 1996- 2004- Non-decent homes by tenure (Department for 
Communities and Local Government, 2006) 

owner private local all 
occupied rente<1 all private authority RSl all ooda l dvvellings. 

% within tenure 

1996 39.7 62.4 42.6 53.9 47.6 52.6 44.7 

2001 29.2 50.7 31 .9 41 .8 33.2 38.9 33.3 

2003 27.7 47.5 30.2 39.6 28.8 35.3 31.2 

2004 26.6 42.6 28.7 34.9 26.2 31 .3 29.2 

BaS41: all dwQllngs 

The informat ion on housing tenure for older people in Camden (those aged 50 years 

old and more) from census 200 1 shows 42.2% own their home, 42.4% live in Counci l 

homes or housing association rented homes and 15.4% are living in private rented or 

' living rent free' accommodations (Office for National Statistics, 2006a). Assuming 

2.4% of those living in rent free accommodations are having their rent paid by the 

Local Authorities (such as housing benefit) and 13% of the reminder are living in 

private rented properties, the total percentage of private housing and socia l housing 

accordingly is 55% and 45%. However based on information from LASlR, these 

figures for private and social housing in the same order are 47.5% and 52.5% (it shows 

7.5% increases on social housing and decrease on private housing comparing with the 

information from census 200 I). 

These differences between the census figures and LASIR cou ld have severa l 

exp lanations. For example one of them could be the response rates for the 200 I 

Census. As a whole the response rate for all age groups in London Borough of Cam den 

in census 200 I was 77%, one of the lowest rates in the UK, and compared with 88% 

for inner London. However in the 200 I census in general the response rate for older 

people was higher than the overa ll rate. In Cam den the response rate for those aged 50 

years old or more varies between 80% - 95% (for those aged 50-80 it was less than 

90% and for those over 80 years old which doesn ' t inc lude too many people it was 

above 90%). 

This highlights that sti ll more than 10% of population are missing (Office for National 

Statistics, 2006b) which could be one of the sources of the uncertainty in extraction of 
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the proportion of private and social housing. Th~ different interpretation of the terms 

used in Census 2001 such as 'private rented' and 'living rent free' as discussed earlier 

could also be other sources of difference. Inclusion of those properties bought by 

former council tenants following the 'right to buy' legislation is also another potential 

source of difference. 

Despite these limitations, it seems the data from LASIR used in this study is more 

reliable as it is based on the actual existing data in the London Borough of Camden. 

The only weakness of the LASIR housing tenure data might be the inclusion of the 

council leaseholders in the social housing list. However, including the council's 

leaseholders in social housing seems to be more appropriate than including them in 

private housing because the socio-economic background of the majority of this group 

of people is closer to those living in social housing than to those in private housing. 

Any future research using housing tenure as a factor needs careful consideration. 

iii) Sequence of occurrence of causes of hospital admissions: The data used in this 

study shows that a large proportion of older people were admitted to hospital more than 

once and each time for different causes. One of the best and most efficient uses of the 

hospital admissions data could be the search for the sequence of occurrence ofmultip!e 

causes of hospital. admission for each individual. Keeping the record of the sequences 

of each admission via provided information on date of each incidence will help to draw' 

more confident conclusions on prevention of ill-health. For example by knowing for 

the majority of cases of multiple hospital admissions, strokes comes before falls will 

help to divert the available resources first on prevention of strokes. Furthermore by 

having the knowledge of someone having already had an incidence of stroke, 

prevention of an incidence of falls for the same person with consideration of some 

other factors such as 'age' etc, would be more feasible. 

iv) Further potential expansion of the study: The methodological approach adopted in 

. this thesis could be extended developed by combining and enhancing the data from 

different sources at both individual and area level. Additional individual level data 

from local authorities such as information on marital status (single, widowed/divorced, 

married etc) might be included. The area level information on deprivation (e.g. from 

the publication of Office of the Deputy Prime Minister (ODPM)), data pro~ided by 
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Office for National Statistics and aggregated data extracted from Census like levels of 

Limiting Long Term Illness (LL TI) would also be useful. In addition further 

investigation on any other causes of hospital admissions, apart from those discussed in 

this study could also be extracted and analysed. Similar approaches include (Raymer et 

al., 2007; Agerbo et al., 2007; Johnston et al., 2006). 

v) Use of Artificial Intelligence's prediction techniques for health: The evidence points 

to predictive models employed having impressive predictive ability. However, within 

the category of predictive modelling there are a large variety of techniques, some of 

which are more developed than others. Literature on the subject is extensive, yet it is 

clear that there is no single consensus as to which technique is best. The most 

developed approach uses regression models but there is emerging interest in using 

artificial intelligence (King's Fund, 2005). In recent years, new models for predicting 

risk have been developed based on artificial intelligence. These models can utilise 

neural networks, regression, decision trees, fuzzy logic etc (Axelrod & Vogel, 2003). 

Some studies suggests that models that use artificial intelligent techniques provide a 

higher predictive power than typical regression models; Axelrod & Vogel (2003) claim 

that the accuracy of the R2 statistic of the artificial intelligence models is more than 

twice that of the traditional regression model. Therefore artificial intelligence 

techniques could potentially be used to develop more advanced models for health risk 

predictions and management. 

vi) Potential ofOeographical Information System (OIS) for further application: In GIS 

applications maps represent a graphical means of visualizing the extent to which there 

is a geographical patteming in the various risk factors. The GIS application can be used 

to present the output of risk ladder analysis as geographical maps and to identify high 

pockets of risk across the Borough. All individuals under study can be geo-referenced 

(assigned an x, y co-ordinate) so that the level of risk for each individual in each risk 

ladder could be mapped (Mayhew, 2004). 

Estimated risks/probabilities from logistic regression analyses could be presented as a 

mapping exercise. In principle, by allocating the estimated risk/probability of each 
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combination of risk factors to the relevant individuals, a risk map using the GIS 

techniques can be produced. 

The thesis was originally conceived to include GIS to aid the interpretation of risk 

ladder methodology and logistic regression analysis. However, in application it was 

decided that the resolution of the maps available in Maplnfo did not provide sufficient 

detail to add anymore to the interpretation of the findings. 
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8.4 Conclusions 

The use of routinely and daily collected administrative data is going to be one of the 

main sources of many research projects in public and private sectors in the immediate 

and long-term future both nationally and internationally (Bruhn, 2001; Jones & Elias, 

2006; Redfern, 2004). The process of data preparation; including data collection, 

cleaning, linkage, integration and variable creation is a time consuming process. 

However, by improving the tools, techniques and methods involved in different stages 

of the work, it can be done much faster. The ideal system of data collection and 

processing for any organization with any dimension is a Relational Database 

Management System (RDBMS). A reliable RDBMS will make a huge reduction in the 

cost and time, along with a big boost in the quality of most of the research projects 

based on administrative data. A RDBMS particularly could significantly enhance 

research related to the public health including epidemiology, primary care, health 

policy, health economy and many other areas of medical research, which deals with a 

large amount of the applicable administrative data. For the purpose of this research the 

data preparation process was successfully completed and discussed in Chapter 3. 

In addition, the findings of risk ladder approach in Chapter-4 explain the observed risk 

of mortality and the probability of someone being in contact with social services for 

many different group of people with similar socio-economic and health related 

characteristics. The findings of the risk ladder also suggest that the variables 'age' and 

the three causes of hospital admissions (FIS) are the most influential factors in 

determination of both 'risk of mortality' and allocation of social services' resources. It 

also shows that for variable 'gender' while men are at relatively higher risk of 

mortality, females have more chance of being in contact with social services. The 

impact of housing tenure and council tax bands based on result of the risk ladders is 

also high on both outcomes. 

The relative impact of each factor on outcome variables 'mortality' and 'social 

services' with help of several models and rigorous tests derived from logistic 

regression modelling were examined in Chapter 5. The findings of logistic regression 

modelling confirm that all socio-economic factors, including health related factors and 
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their relevant categories are highly significant in determination of the risk of mortality 

and the allocation of the social services' resources. The results also confirm the 

findings of risk ladders relating to the higher effect of variable 'age' and three causes 

of hospital admissions, especially 'strokes'. 

In Chapter 7 through a further exploration on policy implication, the relative impacts of 

the socio-economic factors on three causes of hospital admission were examined with 

clear outcomes. They clearly highlighted that ill-health is typically rooted in the lower 

socio-economic status of individuals. Having found that the low socio-economic status 

of a person determines their ill-health and also being aware of the negative correlation 

between ill-health and mortality, the impact of low socio-economic position on pre

mature death is clear, and indeed an obvious link. 

In this work it has also been identified that all variables and their relevant categories 

with outcome 'social services' are highly significant. By comparing the findings from 

mortality and social services outcomes some visible disparities for variables; gender, 

housing tenure, falls and strokes were exposed. Examination of the models with 

continuous age and interaction effects did not show a significant impact on model 

improvement. 

The findings of different models and their capability in justification of the data were' 

studied with use of ROC curves. The results of the tests are promising and confirm the 

reliability of the methods both in justification of the available data and findings. The 

examination also corroborates that the outcome of the predicted risks are quite close to 

the observed risks and therefore consistent. 

Some policy implications were also drawn from the analysis. Generally the allocation 

of resources by social services targets the most vulnerable people. However the study 

shows some disparities between the level of the risk of mortality and the allocation of 

resources made by social services, which could be the subject of further investigations. 

The study commenced using the records at individual level which were aggregated for 

the purpose oft,he analyses: The aggregated records included different groups (clusters) 

of people with similar characteristics. Yet, for the purpose of investigation or further 
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research, whenever it is required to break down each group to a smaller unit such as 

postcode level, household level and even at individual level, it would be possible to 

track them back and to identify them. 

It is a key point to emphasize that so far many studies nationally and internationally 

have been conducted to measure the socio-economic and health inequalities and their 

relevant factors. It is also apparent that based on those studies, strategies and delivery 

plans/policies have been implemented and executed by the relevant authorities. Some 

of the most recent key policy strands that were aimed to reduce the socio-economic and 

subsequently health inequalities in UK are discussed in Chapter 1 (Section 1.1). 

However the central issue in inequalities, the 'spatial inequality', not only exists but 

the evidence shows (as discussed in Section 1.2), it is also getting wider. 

Ultimately, the challenge for the future remains the necessity to ensure that resources 

are allocated to those most in need and as this study has shown this is often a very 

complex task. Mkandawire (2005) states: "For much of its history, social policy has 

involved choices about whether the core principle behind social provisioning will be 

universal ism or selectivity through targeting". Besley and Kanbur (1990) also 

pointedly observe: " .. .improved targeting means that more poverty alleviation can be 

achieved with less expenditure". 

This study provides a clear approach to identifying health inequalities and measuring 

the relevant factors at the individual level. As a result through adapting the right 'social 

policy' based on identifying and targeting those most in need the spatial inequality 

could be tackled. While logistic regression methodology provides us with a broad and 

clear measure of the relative importance of each factor on the outcome in general (on 

the whole population under study), risk ladder approach seems to be a useful tool to 

ensure we are targeting those -people most in need as opposed to a universalism 

approach. 
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Appendices 

Appendix-A A summary of eight standards of NSF for older people 

Standard One: Rooting out age discrimination 

Standard: NHS services will be provided, regardless of age, on the basis of clinical 

need alone. Social care services will not use age in their eligibility criteria or policies, 

to restrict access to available services. 

In some health and social care services, older people and their carers have experienced 

age-based discrimination in access to and availability of services. Older people from 

black and minority ethnic groups can be particularly disadvantaged and are likely to 

suffer more discrimination in accessing services. 

This standard has been set up to ensure that older people are never unfairly 

discriminated agai,nst in accessing NHS or social care services as a result of their age. 

Standard Two: Person-centred care 

Standard: NHS and social care services treat older people as individuals and enable 

them to make choices about their own care. This is achieved through the single 

assessment process, integrated commissioning arrangements and integrated provision 

of services, including community equipment and continence services. 

Proper assessment of the range and complexity of older people's needs and prompt 

provision of care (including community equipment and continence services) can 

improve their ability to function independently, reduce the need for emergency hospital 

admission and decrease the need for premature admission to a residential care setting. 

Person-centred 'care needs to be supported by services that are organised to meet needs. 

This includes the introduction of a single assessment process in health and so~ial care 
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to ensure that older people's needs are assessed and evaluated fully; improved access 

to community equipment; and the establishment of integrated continence services. 

Standard Three: Intermediate care 

Standard: Older people will have access to a new range of intermediate care services 

at home or in designated care settings, to promote their independence by providing 

enhanced services from the NHS and councils to prevent unnecessary hospital 

admission and effective rehabilitation services to enable early discharge from hospital 

and to prevent premature or unnecessary admission to long-term residential care. 

Standard three requests a new range of acute and rehabilitation services to bridge the 

gap between acute hospital and primary and community care. For example the National 

Beds Inquiry (NBI) found that significant numbers of older people stay in acute 

hospitals longer than is necessary or desirable. 

Standard Four: General hospital care 

Standard: Older people's care in hospital is delivered through appropriate specialist 

care and by hospital staffwho have the right set of skills to meet their needs. 

At anyone time, older people occupy around two-thirds of hospital beds. Too often the 

older person's experience of hospital care has been of outdated and unclean wards 

which have undermined their need for privacy and damaged their confidence in other 

aspects of care. 

Action is needed to improve the clinical care of older people in general hospitals, 

through ensuring; early access- to the specialist team in a general acute hospital, 

appropriate attention to the health status of the older person while in hospital, privacy 

and overall quality of care - and through new investment to convert many old 

'Nightingale' wards to older people-friendly environments; single sex accommodation, 

more privacy, and more space for rehabilitation equipment. 
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Standard Five: Stroke 

Standard: The NHS will take action to prevent strokes, working in partnership with 

other agencies where appropriate. 

People who are thought to have had a stroke have access to diagnostic services, are 

treated appropriately by a specialist stroke service, and subsequently, with their 

carers, participate in a multidisciplinary programme of secondary prevention and 

rehabilitation. 

Stroke is the single biggest cause of severe disability and the third most common cause 

of death in the UK and other developed countries. Some population groups are at 

higher risk of stroke than others. The risk is higher for men from African-Caribbean 

and South Asian communities and in those in lower socioeconomic groups. 

This standard sets out four main components for the development of integrated stroke 

services: prevention, immediate care, early and continuing rehabilitation and long-term 

support for stroke patient and their carers. 

Standard Six: Falls 

Standard: The NHS, working in partnership with councils, takes action to prevent falls 

and reduce resultant fractures or other injuries in their populations of older people. 

Older people who have fallen receive effective treatment and, with their carers, receive 

advice on prevention through a specialised falls service. 

Falls are a major cause of disability and the leading cause of mortality due to injury in 

older people aged over 75 in the UK. Every year, over 400,000 older people in England 

. attend A&E Departments following an accident and up to 14,000 people a year dies in 

the UK as a result of an osteoporotic hip fracture. 

A fall can precipitate admission to long-term care. Fear of falling can provide a 

significant limitation on daily activities. 
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The aim of Standard six is to reduce the number 9f falls which result in serious injury 

and ensure effective treatment and rehabilitation for those who have fallen. Action will 

also be taken on prevention; to reduce the incidence of falls and treatment of 

osteoporosis. 

Standard Seven: Mental health in older people 

Standard: Older people who have mental health problems have access to integrated 

mental health services, provided by the NHS and councils to ensure effoctive diagnosis, 

treatment and support, for them andfor their carers. 

The aim of this standard is to promote good mental health in older people and to treat 

and support those older people with dementia and depression. 

Mental health services for older people should be able to respond effectively to 

individual needs, and take account of the social and cultural factors affecting recovery 

and support. Improving prevention, care and treatment of mental health problems in 

old age depends on: promoting good mental health, early recognition and management 

of mental health problems and access to specialist care. Mental health services f(,)r 

older people shol!ld be community-orientated and provide seamless packages of care 

and support for older people and their carers. 

Standard Eight: The promotion of health and active life in older age 

Standard: The health and well-being of older people is promoted through a co

ordinated programme of action led by the NHS with support from councils. 

There is a growing body of evidence to suggest that the modification of risk factors for 

disease even late in life can have health benefits for the individual; longer life, 

increased or maintained levels of functional ability, disease prevention and an 

improved sense of wellbeing. Integrated strategies for older people aimed at promoting 

good health and quality of life, and to prevent or delay frailty and disability can have 

significant benefits for the individual and society. Therefore, the NHS and local 
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partners should re-focus on helping and supporting older people to continue to live 

healthy and fulfilling 'lives by: 

• Access to mainstream health promotion and disease prevention programmes. 

• plan for increasing physical activity, improved diet and nutrition, immunisation 

and management programmes for influenza 

• Wider initiatives involving a multi-sectoral approach to promoting health, 

independence and well-being in old age: exercise services, healthy eating, keep 

Warm, Keep Well campaign, Home Energy Efficiency Scheme. 
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Appendix-B Steps were taken in finding/allocation of an ethnicity 

to each record in the mortality list 

1. Hospital admission data includes a field for the ethnicity and has been used as 

the main source of the ethnicity information. There are approximately 

175,000 hospital records for the period of 1996-2004 and 66,000 for the 

period of 2002-04 for Camden's citizens over 50 years old. 93,000 out of 

175,000 of the hospital admissions for the period of 1996-2004 and 56,000 

out of 66,000 of hospital admissions for the period of 2002-04 are without 

address and therefore are not possible to allocate a Unique Property 

Reference Number (UPRN) for them. Without having a UPRN for each 

record in Hospital Admission list, it is difficult to link the two tables together. 

Therefore; instead of UPRN, the NHS number which is in the both tables has 

been used as a primary key to link them together; 

a) Approximately for 1,400 records in mortality list an ethnicity value 

were extracted from hospital admission records. 

b) By cross-checking the mortality list with 'Social Service' the ethnicity 

values were found for around 250 records. 

c) By cross-checking the mortality list with 'School pupil-roll' for 162 

records the ethnicity values were found. For the total number of 412 

records from both 'Social Service' and 'School Pupil Roll', 212 records 

had already been allocated an ethnicity value from the hospital 

admission, therefore for 200 more records the ethnicity was extracted 

from Social Service and School Pupil Roll. 

d) For around 1200 records from the combination of the 'Place of birth' 

(e.g. Bangladesh, Ireland or India) + First name and Surname, the 

ethn,icity was extracted. 
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e) The most difficult task was to allocate an ethnicity to around 400 

records in'which place of birth was stated 'England or a specific city or 

borough within England), to solve this problem the following steps were 

taken: 

i) To sort by surname and to look at other similar surname and 

Ethnicity 

ii) To sort by First name and to find other similar First name and 

Ethnicity 

iii) In case of similar First name and Surname with different 

ethnicity; the list was sorted by postcode first, then by looking at 

the ethnicity of the majority of people living in the same 

postcode, an ethnicity was assigned to that person (e.g. if 

majority of people in the same postcode are Irish, then the 

ethnicity 'Irish' was assigned to that individual). 
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Appendix-C the basis of Tax Bands 

(Valuation Office Agency, 2006) 

The Tax bands for England are as follows: 

The starting point 

The basis of valuation for a dwelling which is not used for any business purpose 

is the amount which, subject to certain assumptions, it would have sold for on the 

'open market' by a 'willing vendor' on 1 April 1991. 

• 'open market' means a market where the property is offered openly with 

adequate publicity being given to the sale. Please note that if your 

property was purchased under a discount scheme (such as 'Right to Buy') 

this does not fall within the definition of 'open market' and therefore will 

not apply. 

• 'willing vendor' means someone who sells the property as a free agent and 

not someone who is forced to do so. 

Band Value 

A up to £40,000 

B £40,00 I to £52,000 

C £52,00 I to £68,000 

D £68,00 I to £88,000 

E £88,00 I to £ 120,000 

F - £120,001 to £160,000 

G £ 160,00 I to £320,000 

H £320,001 and above 
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Why 1 April 1991 ? 

Council Tax came into effect on 1 April 1993. However, the process of valuing every 

domestic property in England and Wales for banding purposes started some time 

before this. Therefore, we had to adopt a valuation date prior to 1 April 1993 so that all 

properties would be valued on a common footing. Even if your property was built after 

1 April 1993, we must band the property according to what we think that its value 

would have been on 1 April 1991. This means that recent sale prices are not necessarily 

a good guide to the correct band for a property. 
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Appendix-D Tables including the combined risk ladders with similar 

factors and different outcomes 

Appendix-D includes four tables, each one a combination of two risk ladders with 

similar factors but different outcomes ('risk of mortality' and 'probability of being in 

contact with social services') discussed in Sections 4.2 and 4.4. in the following tables 

if the confidence interval in a row (combination) for one outcome variable includes 

values greater than or equal to one or less than or equal to zero, the entire row for both 

outcomes (with the same combination) is omitted. 

D.1 Combination of two risk ladders with four socio-economic factors (Risk 

ladders 1.1 and 2.1) 

Sixteen different combinations of four factors of both Risk ladder 1.1 (Table 4.2) and 

Risk ladder 2.1 (Table 4.7) are collectively presented in Table 0.1 below. 

Table 0.1 Combination of two risk ladders with four socio-economic factors (Risk 
ladders 1.1 and 2.2) 

Combination Mortality Social Services 

.Number Popula Observe Known to Popul P otKnown 

Seq 'AGTB' ot Death tion d Risk Cont. Interval 'SS' ation to 'SS' Cont. Interval 

1 0000 87 6074 1.4% 1.1% 1.7% 79 6074 1.3% 1.0% 1.6% 

2 0001 9 498 1.8% 0.6% 3.0% 11 498 2.2% 0.9% 3.5% 

3 0100 135 7081 1.9% 1.6% 2.2% 60 7081 0.8% 0.6% 1.1% 

4 0010 89 4268 2.1% 1.7% 2.5% 168 4268 3.9% 3.4% 4.5% 

5 0011 93 2864 3.2% 2.6% 3.9% 147 2864 5.1% 4.3% 5.9% 

6 0110 151 3949 3.8% 3.2% 4.4% 147 3949 3.7% 3.1% 4.3% 

7 0101 29 730 4.0% 2.6% 5.4% 19 730 2.6% 1.4% 3.8% 

8 0111 185 3423 5.4% 4.6% 6.2% 188 3423 5.5% 4.7% 6.3% 

9 1010 325 2354 13.8% 12.4% 15.2% 492 2354 20.9% 19.3% 22.5% 

10 1100 374 2571 14.5% 13.2% 15.9% 225 2571 8.8% 7.7% 9.8% 

11 1000 458 3113 14.7% 13.5% 16.0% 440 3113 14.1% 12.9% 15.4% 

12 1011 438 2486 17.6% 16.1% 19.1% 637 2486 25.6% 23.9% 27.3% 

13 1001 56 311 18.0% 13.7% 22.3% 65 311 20.9% 16.4% 25.4% 

14 1110 319 1668 19.1% 17.2% 21.0% 249 1668 14.9% 13.2% 16.6% 

15 1101 49 248 19.8% 14.8% 24.7% 26 248 10.5% 6.7% 14.3% 
16 1111 391 1834 21.3% 19.4% 23.2% 351 1834 19.1% 17.3% 20.9% 

3188 43472 7.3% 7.1% 7.6% 3304 43472 7.6% 7.4% 7.8% 

Legend 

A=Age IG = Gender IT = Tenure 

B =Tax Band Iss = Social Services 
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D.2 Combination of two risk ladders with four socio-economic factors and 

incidence of an adm'ission for a 'Fall' (risk ladders 1.2 and 2.2) 

The second risk ladders for both outcome variables (Risk ladder 1.2 in Table 4.3 and 

Risk ladder 2.2 in Table 4.8) include the combinations of four socio-economic factors 

and 'Fall'. Table D.2 contains the outcomes of both risk ladders except for six 

combinations with confidence intervals either negative or greater than '1' which are 

omitted from the table. 

Table D.2 Combination of two risk ladders with four socio-economic factors and 
incidence of an admission for a 'Fall' (risk ladders 1.2 and 2.2) 

Combination Mortality Social Services 
I'lUmDer POpUI IObserveo "nown I"OPUl ,.. or "nown 

Seq 'AGTBF' of Death ation Risk Conf.lnterval to 'SS' ation to 'SS' Conf. Interval 

1 00000 81 6044 1.3% 1.1% 1.6% 78 6044 1.3% 1.0% 1.6% 

2 00010 9 496 1.8% 0.6% 3.0% 10 496 2.0% 0.8% 3.3% 

3 01000 129 7045 1.8% 1.5% 2.1% 56 7045 0.8% 0.6% 1.0% 

4 00100 87 4241 2.1% 1.6% 2.5% 163 4241 3.8% 3.3% 4.4% 

5 00110 89 2840 3.1% 2.5% 3.8% 142 2840 5.0% 4.2% 5.8% 

6 01100 148 3917 3.8% 3.2% 4.4% 143 3917 3.7% 3.1% 4.2% 

7 01010 28 725 3.9% 2.5% 5.3% 18 725 2.5% 1.4% 3.6% 

8 01110 177 3376 5.2% 4.5% 6.0% 178 3376 5.3% 4.5% 6.0% 

9 10100 287 2212 13.0% 11.6% 14.4% 426 2212 19.3% 17.6% 20.9% 

10 11000 350 2501 14.0% 12.6% 15.4% 196 2501 7.8% 6.8% 8.9% 

11 10000 413 2937 14.1% 12.8% 15.3% 372 2937 12.7% 11.5% 13.9% 

12 10010 ~ 47 289 16.3% 12.0% 20.5% 53 289 18.3% 13.9% 22.8% 

13 00111 4 24 16.7% 1.8% 31.6% 5 24 20.8% 4.6% 37.1% 

'14 01001 6 36 16.7% 4.5% 28.8% 4 36 11.1% 0.8% 21.4% 

15 01111 8 47 17.0% 6.3% 27.8% 10 47 21.3% 9.6% 33.0% 

16 10110 402 2345 17.1% 15.6% 18.7% 563 2345 24.0% 22.3% 25.7% 

17 11100 300 1624 18.5% 16.6% 20.4% 234 1624 14.4% 12.7% 16.1% 

18 11010 45 238 18.9% 13.9% 23.9% 24 238 10.1% 6.3% 13.9% 

19 11110 368 1757 20.9% 19.0% 22.8% 311 1757 17.7% 15.9% 19.5% 

20 10111 36 141 25.5% 18.3% 32.7% 74 141 52.5% 44.2% 60.7% 

21 10001 45 176 25.6% 19.1% 32.0% 68 176 38.6% 31.4% 45.8% 

22 10101 38 142 26.8% 19.5% 34.0% 66 142 46.5% 38.3% 54.7% 

23 11111 23 77 29.9% 19.6% 40.1% 40 77 51.9% 40.8% 63.1% 

24 11001 24 70 34.3% 23.2% 45.4% 29 70 41.4% 29.9% 53.0% 

25 10011 9 22 40.9% 20.4% 61.5% 12 22 54.5% 33.7% 75.4% 
26 11101 19 44 43.2% 28.5% 57.8% 15 44 34.1% 20.1% 48.1% 

3188 43472 7.3% 7.1% 7.6% 3304 43472 7.6% 7.4% 7.8% 

Legend 

A=Age IG = Gender IT = Tenure 

B =Tax Band IF = Falls I SS = Social Services 

200 



D.3 Combination of two risk ladders with. four socio-economic factors and 

incidence of an admission for a 'Heart Disease' (risk ladders 1.3 and 2.3) 

The comparison of the two risk ladders 1.3 (Table 4.4) and 2.3 (Table 4.9), the 

combinations of four socio-economic factors and Ischemic heart disease are illustrated 

in Table D.3 below. Eight combinations with confidence interval including values 

greater than or equal to one or less than or equal to zero are excluded from the table. 

Table D.3 Comparing the Risk of mortality & the probability of being in contact with 
social services for different combinations of four socio-economic factors and 'Heart 

Disease' 

Combination Mortality Social Services 

Number Populat Observe Known Popula P of Known 

Seq "AGTBI" of Death ion d Risk Conf. Interval to 'SS' tion to 'SS' Conf. Interval 

1 00000 65 6050 1.4% 1.1% 1.7% 76 6050 1.3% 1.0% 1.5% 

2 00010 9 495 1.8% 0.6% 3.0% 11 495 2.2% 0.9% 3.5% 

3 01000 126 7026 1.8% 1.5% 2.1% 57 7026 0.8% 0.6% 1.0% 

4 00100 67 4223 2.1% 1.6% 2.5% 165 4223 3.9% 3.3% 4.5% 

5 00110 90 2630 3.2% 2.5% 3.6% 144 2630 5.1% 4.3% 5.9% 

6 01100 144 3641 3.7% 3.1% 4.3% 135 3641 3.5% 2.9% 4.1% 

7 01010 26 721 3.9% 2.5% 5.3% 16 721 2.2% 1.1% 3.3% 

6 01110 176 3331 5.3% 4.5% 6.0% 179 3331 5.4% 4.6% 6.1% 

9 01101 7 106 6.5% 1.6% 11.1% 12 106 11.1% 5.2% 17.0% 

10 01111 9 92 9.8% 3.7% 15.9% 9 92 9.8% 3.7% 15.9% 

11 10100 305 2267 13.5% 12.0% 14.9% 464 2267 20.5% 16.6% 22.1% 

12 11000 350 2461 14.1% 12.7% 15.5% 212 2461 8.5% 7.4% 9.6% 

13 10000 437 3042 14.4% 13.1% 15.6% 422 3042 13.9% 12.6% 15.1% 

14 10110 407 2363 17.1% 15.6% 16.6% 600 2363 25.2% 23.4% 26.9% 

15 10010 52 304 17.1% 12.9% 21.3% 63 304 20.7% 1!5.2% 25.3% 

16 11100 293 1576 18.6% 16.7% 20.5% 232 1576 14.7% 13.0% 16.5% 

17 11010 46 240 19.2% 14.2% 24.1% 24 240 10.0% 6.2% 13.6% 

16 11110 373 1752 21.3% 19.4% 23.2% 332 1752 18.9% 17.1% 20.6% 

19 11111 16 62 22.0% 13.0% 30.9% 19 62 23.2% 14.0% 32.3% 

20 10101 20 67 23.0% 14.1% 31.6% 26 67 32.2% 22.4% 42.0% 

21 11001 24 90 26.7% 17.5% 35.6% 13 90 14.4% 7.2% 21.7% 

22 11101 26 92 28.3% 19.1% 37.5% 17 92 18.5% 10.5% 26.4% 

23 10001 21 71 29.6% 19.0% 40.2% 16 71 25.4% 15.2% 35.5% 
24 10111 31 103 30.1% 21.2% 39.0% 37 103 35.9% 26.7% 45.2% 

3188 43472 7.3% 0.000 7.1% 3304 43472 7.6% 7.4% 7.8% 

- Legend 

A=Age IG = Gender IT = Tenure 

B =Tax Band 1I = Ischemic Heart Disease Iss = Social Services 
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D.4 Combination of two risk ladders with. four socio-economic factors and 

incidence of an admission for a 'Stroke' (risk ladders 1.4 and 2.4) 

Table D.4 is a combination of Risk ladder 1.4 (Table 4.5) and Risk ladder 2.4 (Table 

4.10). Table D.4 contains the observed risk of mortality and the probability of being in 

contact with 'SS' (for 26 combinations of four socio-economic factors and 'Stroke'. 

Six combinations with the confidence interval including values greater than or equal to 

one or less than or equal to zero are excluded from the table. 

Table D.4 Combination of two risk ladders with four socio-economic factors and 
incidence of an admission for a 'Stroke' (risk ladders 1.4 and 2.4) 

Combination Mortality Social Services 

Number Popul Observed Known Popul P of Known 

Seq 'AGTBS' of Death ation Risk Conf. Interval to 'SS' ation to'SS' Conf. Interval 

1 00000 82 6058 1.4% 1.1% 1.6% 78 6058 1.3% 1.0% 1.6% 

2 00010 9 496 1.8% 0.6% 3.0% 10 496 2.0% 0.8% 3.3% 

3 01000 130 7056 1.8% 1.5% 2.2% 56 7056 0.8% 0.6% 1.0% 

4 00100 85 4241 2.0% 1.6% 2.4% 161 4241 3.8% 3.2% 4.4% 

5 00110 88 2843 3.1% 2.5% 3.7% 145 2843 5.1% 4.3% 5.9% 

6 01100 133 3898 3.4% 2.8% 4.0% 136 3898 3.5% 2.9% 4.1% 

7 01010 27 726 3.7% 2.3% 5.1% 18 726 2.5% 1.3% 3.6% 

8 01110 174 3376 5.2% 4.4% 5.9% 176 3376 5.2% 4.5% 6.0% 

9 10100 297 2296 12.9% 11.6% 14.3% 471 2296 20.5% 18.9% 22.2% 

10 10000 423 3028 14.0% 12.7% 15.2% 412 3028 13.6% 12.4% 14.8% 

11 11000 351 2510 14.0% 12.6% 15.3% 205 2510 8.2% 7.1% 9.2% 

12 00101 4 27 14.8% 1.4% 28.2% 7 27 25.9% 9.4% 42.5% 

13 10110 403 2416 16.7% 15.2% 18.2% 609 2416 25.2% 23.5% 26.9% 

14 10010 52 306 17.0% 12.8% 21.2% 64 306 20.9% 16.4% 25.5% 

15 11100 303 1604 18.9% 17.0% 20.8% 235 1604 14.7% 12.9% 16.4% 

16 11010 49 247 19.8% 14.9% 24.8% 25 247 10.1% 6.4% 13.9% 

17 01001 5 25 20.0% 4.3% 35.7% 4 25 16.0% 1.6% 30.4% 

18 11110 363 1767 20.5% 18.7% 22.4% 327 1767 18.5% 16.7% 20.3% 

19 01111 11 47 23.4% 11.3% 35.5% 12 47 25.5% 13.1% 38.0% 

20 11101 16 64 25.0% 14.4% 35.6% 14 64 21.9% 11.7% 32.0% 

21 01101 18 51 35.3% 22.2% 48.4% 11 51 21.6% 10.3% 32.9% 

22 11001 23 61 37.7% 25.5% 49.9% 20 61 32.8% 21.0% 44.6% 

23 10001 35 85 41.2% 30.7% 51.6% 28 85 32.9% 22.9% 42.9% 

24 11111 28 67 41.8% 30.0% 53.6% 24 67 35.8% 24.3% 47.3% 

25 10101 28 58 48.3% 35.4% 61.1% 21 58 36.2% 23.8% 48.6% 
26 10111 35 70 50.0% 38.3% 61.7% 28 70 40.0% 28.5% 51.5% 

3188 43472 7.3% 7.1% 7.6% 3304 43472 7.6% 7.4% 7.8% 

Legend 

A = Age IG = Gender IT = Tenure 

B =Tax Band Is = Strokes Iss = Social Services 
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Appendix-E Graphical illustration of observed risk for Risk ladders 
1.1":'1.4, 1.6 and 2.1-2.4 with 'high-low' 95%) 

Confidence Interval (Cl) bars 

Note: In this appendix a copy of each risk ladder is located above the relevant ' high
low' 95% confidence interval bars. 'High' corresponds to the upper limit and 'Iow' the 
lower limit of each 95% confidence interval. The sequence number defined in each 
table represents a specific combination of risk factors is reproduced along the 
horizontal axis of each graph. 

Table 4.2 Risk ladder-I.} ; risk of mortality with four basic socio-demographic factors 

Seq Age Gender Tenure Tax Band Number of Death Population Observed Risk Conf.lnterval 

1 0 0 0 0 87 6074 1.4% 1.1% 1.7% 

2 0 0 0 1 9 498 1.8% 0.6% 3.0% 

3 0 1 0 0 135 7081 1.9% 1.6% 2.2% 

4 0 0 1 0 89 4268 2.1% 1.7% 2.5% 

5 0 0 1 1 93 2864 3.2% 2.6% 3.9% 

6 0 1 1 0 151 3949 3.8% 3.2% 4.4% 

7 0 1 0 1 29 730 4.0% 2.6% 5.4% 

8 0 1 1 1 185 3423 5.4% 4.6% 6.2% 

91~"" 0 1 0 325 2354 13.8% 12.4% 15.2% 

10 I~~ 1 0 0 374 2571 14.5% 13.2% 15.9% 

11 I '~¥~ 0 0 0 458 3113 14.7% 13.5% 16.0% 

12 I~ 0 1 1 ~~~ ,.~:;:C? "1 438 2486 17.6% 16.1% 19.1% 

13 1 \~t',!i1 0 o 1 ;l'i:'4~ ("4: 1 56 311 18.0% 13.7% 22.3% 

14 1 !."'~l'I It"-,· .1 1 0 319 1668 19.1% 17.2% 21 .0% 

15 I t~t..""1 I q~;"r~1 o I''; ;::~t.·i'~ ,: ,.,1 49 248 19.8% 14.8% 24.7% 
16 1 ~!¥1 :,~':;~V: l 1 ···.~-1.'~':".':l 1 391 1834 21 .3% 19.4% 23.2% 

14585 21504 22846 12394 3188 43472 7.3% 7.1% 7 ... 6% 

FigureE 1 Illustration of observed risks and ' high-Iow' 95% confidence interval bars for 
- Risk ladder 1.1 in Table 4.2 
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Table 4.3 Ri sk ladder- 1.2; risk of mortality with four basic socio-demographic factors 
, and the incidence of an adm ission for a fall 

No, of Observed 

Seq Age Gender Tenure Tax Band Fall Death Population Risk Conf.lnterval 

1 0 0 0 1 1 0 2 0 .0% 0.0% 0.0% 

2 0 0 0 0 0 81 6044 1.3% 1.1% 1.6% 

3 0 0 0 1 0 9 496 1.8% 0 .6 % 3 .0% 

4 0 1 0 0 0 129 7045 1.8% 1.5% 2 .1% 

5 0 0 1 0 0 87 4241 2 .1% 1.6% 2 .5% 

6 0 0 1 1 0 89 2840 3.1% 2 .5% 3 .8% 

7 0 1 1 0 0 148 39 17 3.8% 3.2% 4.4% 

8 0 1 0 1 0 28 725 3.9% 2.5% 5 .3% 

9 0 1 1 1 0 177 3376 5.2% 4 .5% 6 .0% 

10 1 0 1 0 0 287 22 12 13.0 % 11 .6 % 14.4% 

11 1 1 0 0 0 350 2501 14.0 % 12.6 % 15.4% 

12 1 0 0 0 0 413 2937 14.1% 12.8% 15.3% 

13 1 0 0 1 0 47 289 16.3% 12.0% 20.5% 

14 0 0 1 1 1 4 24 16.7% 1.8% 31 .6% 

15 0 1 0 0 1 6 36 16.7% 4 .5% 28.8% 

18 0 1 1 1 1 8 47 17.0% 6 .3% 27.8% 

17 1 0 1 1 0 402 2345 17.1% 15.6% 18.7% 

18 1 1 1 0 0 300 1624 18.5% 16.6% 20.4% 

18 1 1 0 1 0 45 238 18 .9% 13.9% 23.9% 

20 0 0 0 0 1 6 30 20.0% 5.7% 34.3% 

21 1 1 1 1 0 368 1757 20.9% 19.0% 22.8% 

22 1 0 1 1 1 36 141 25.5% 18.3% 32.7% 

23 1 0 0 0 1 45 176 25.6% 19. 1% 32.0% 

24 1 0 1 0 1 38 142 26.8% 19.5% 34.0% 

2& 1 1 1 1 1 23 77 29.9% 19.6% 40.1% 

26 1 1 0 0 1 24 70 34.3% 23.2% 45.4% 

27 1 1 0 1 1 4 10 40.0% 9 .6 % 70.4% 

28 1 0 0 1 1 9 22 40.9% 20.4% 61 .5% 
29 1 1 1 0 1 19 44 43.2% 28.5% 57.8% 

Figure E2 Illustration of observed risk and ' high-Iow' 95% confidence interval bars for 
Risk ladder 1.2 in Table 4.3 
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Table 4.4 Risk ladder-1.3; risk of mortality with four basic socio-demographic factors 
and Ischemic heart disease 
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Tax Heart No. of Observed 

Seq Age Gender Tenure Band Disease Death Population Risk Conf.lnterval 

1 0 0 0 1 1 3 0.0% 0.0% 0 .0% 

2 0 0 0 0 0 85 6050 1.4% 1.1% 1.7% 

3 0 0 0 1 0 9 4 95 1.8% 0.6% 3.0% 

4 0 1 0 0 0 128 7026 1.8% 1.5% 2 .1 % 

5 0 0 1 0 0 87 4223 2 .1% 1.6% 2 .5% 

6 0 0 1 1 0 90 2830 3.2% 2.5% 3.8% 

7 0 1 1 0 0 144 3841 3.7% 3.1% 4 .3% 

8 0 1 0 1 0 28 721 3.9% 2.5% 5.3% 

9 0 1 1 1 0 176 3331 5.3% 4 .5% 6 .0% 

10 0 1 1 0 1 7 108 6 .5% 1.8% 11.1% 

11 0 1 1 1 1 9 92 9.8% 3 .7% 15 .9% 

12 0 1 0 0 1 7 55 12 .7% 3.9% 2 1.5% 

13 1 0 1 0 0 305 2267 13.5% 12 .0% 14 .9% 

14 1 1 0 0 0 350 248 1 14.1% 12 .7% 15.5% 

15 1 0 0 0 0 437 3042 14.4% 13.1% 15 .6 % 

16 1 0 1 1 0 4 07 2383 17. 1% 15.6% 18 .6% 

17 1 0 0 1 0 52 304 17.1% 12 .9% 2 1.3% 

18 1 1 1 0 0 293 1576 18 .6% 16 .7% 20 .5% 

19 1 1 0 1 0 46 240 19 .2% 14.2% 24 .1% 

20 1 1 1 1 0 373 1752 21.3% 19.4% 23.2% 

21 1 1 1 1 1 18 82 22.0% 13.0% 30 .9% 

22 1 0 1 0 1 20 87 23.0% 14.1% 31.8% 

23 1 1 0 0 1 24 90 26. 7% 17.5% 35.8% 

24 1 1 1 0 1 26 92 28.3% 19.1% 37.5% 

25 1 0 0 0 1 21 7 1 29.6% 19.0% 40.2% 

26 1 0 1 1 1 31 103 30 .1% 2 1.2% 39.0% 

27 1 1 0 1 1 3 8 37.5% 4 .0% 71 .0% 
28 1 0 0 1 1 4 7 57.1 % 20.5% 93.8% 

Figure E3 Illustration of observed ri sk and ' high-Iow' 95% confidence interval bars fo r 
Risk Ladder 1.3 in Table 4.4 
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Table 4.5 Ri sk ladder- I.4; ri sk of morta l ity with four bas ic socio-demographic factors 
and Stroke 
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No. of Observed 

Seq Age Gender Tenure Tax Band Strokes Death Population R is k Conf.lnterval 

1 0 0 0 0 0 82 6058 1.4% 1.1% 1.6% 

2 0 0 0 1 0 9 496 1.8% 0 .6% 3.0% 

3 0 1 0 0 0 130 7056 1.8% 1.5% 2.2% 

4 0 0 1 0 0 85 4241 2 .0% 1.6% 2.4% 

5 0 0 1 1 0 88 2843 3 .1% 2.5% 3.7% 

6 0 1 1 0 0 133 3898 3.4% 2.8% 4 .0% 

7 0 1 0 1 0 27 726 3 .7% 2.3% 5.1% 

8 0 1 1 1 0 174 3376 5.2% 4.4% 5.9% 

9 1 0 1 0 0 297 2296 12 .9% 11.6% 14.3% 

10 1 0 0 0 0 423 3028 14.0% 12.7% 15.2% 

11 1 1 0 0 0 351 2510 14.0% 12.6% 15.3% 

12 0 0 1 0 1 4 27 14.8% 1.4% 28.2% 

13 1 0 1 1 0 403 2416 16.7% 15.2% 18.2% 

14 1 0 0 1 0 52 306 17.0% 12.8% 21 .2% 

15 1 1 1 0 0 303 1604 18.9% 17.0% 20.8% 

16 1 1 0 1 0 49 247 19.8% 14.9% 24.8% 

17 0 1 0 0 1 5 25 20.0% 4 .3% 35.7% 

18 1 1 1 1 0 363 1767 20.5% 18.7% 22.4% 

19 0 1 1 1 1 11 47 23.4% 11 .3% 35.5% 

20 0 0 1 1 1 5 21 23.8% 5.6% 42.0% 

21 1 1 1 0 1 16 64 25.0% 14.4% 35.6% 

22 0 0 0 0 1 5 16 31 .3% 8.5% 54.0% 

23 0 1 1 0 1 18 51 35.3% 22.2% 48.4% 

24 1 1 0 0 1 23 61 37.7% 25.5% 49.9% 

25 1 0 0 0 1 35 85 41 .2% 30.7% 5 1.6 % 

26 1 1 1 1 1 28 67 41 .8% 30.0% 53.6 % 

27 1 0 1 0 1 28 58 48.3% 35.4% 61 .1% 

28 1 0 1 1 1 35 70 50.0% 38.3% 6 1.7% 

29 0 1 0 1 1 2 4 50.0% 1.0% 99.0% 

Figure E4 Illustration of observed ri sk and ' high-Iow' 95% confidence interva l bars fo r 
Risk Ladder 1.4 in Table 4.5 
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Table 4.7 Risk ladder- I.6 A risk ladder with 4 socio-economic factors and outcome 
mortali ty with binary age 50-65 years = 0 and 66+ years = 1 

(equiva lent to risk ladder 1.1 in Table 4.2) 
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Tax Combination Number Populat Observed Cont.lnterval 

Seq Age Gender Tenure Band 'AGTB' ot Death ion Risk L. Bound U. Bound 

1 0 0 0 0 0000 63 5223 1.2% 0.9% 1.5% 

2 0 0 0 1 0001 6 428 1.4% 0.3% 2.5% 

3 0 1 0 0 0100 93 6168 1.5% 1.2% 1.8% 

4 0 0 1 0 0010 67 3626 1.8% 1.4% 2.3% 

5 0 0 1 1 0011 60 2318 2.6% 1.9% 3.2% 

6 0 1 1 0 0110 101 3305 3.1% 2.5% 3.6% 

7 0 1 0 1 0101 20 634 3.2% 1.8% 4.5% 

8 0 1 1 1 0111 137 2908 4.7% 3.9% 5.5% 

9 1 0 1 0 1010 347 2996 11.6% 10.4% 12.7% 

10 1 1 0 0 1100 416 3484 11.9% 10.9% 13.0% 

11 1 0 0 0 1000 482 3964 12.2% 11.1% 13.2% 

12 1 0 1 1 1011 59 381 15.5% 11.9% 19.1 % 

13 1 0 0 1 1001 471 3032 15.5% 14.2% 16.8% 

14 1 1 1 0 1110 369 2312 16.0% 14.5% 17.5% 

15 1 1 0 1 1101 58 344 16.9% 12.9% 20.8% 

16 1 1 1 1 1111 439 2349 18.7% 17.1% 20.3% 

Figure E5 A graph illustrat ion of observed risk and ' high-Iow' 95% confi dence interval 
bars fo r the Risk ladder-I.6 in Table 4.7 
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Table 4.8 Risk ladder-2.1 including four basic socio-demographic factors and ' social 
services' as the outcome variable 

Tax Known P of Known 
Seq Age Gender Tenure Band to 'SS' Population to 'SS' Conf.lnterval 

1 0 1 0 0 60 7081 0.8% 0.6% 1.1% 

2 0 0 0 0 79 6074 1.3% 1.0% 1.6% 

3 0 0 0 1 11 498 2.2% 0.9% 3.5% 

4 0 1 0 1 19 730 2.6% 1.4% 3.8% 

5 0 1 1 0 147 3949 3.7% 3.1% 4.3% 

6 0 0 1 0 168 4268 3.9% 3.4% 4.5% 

7 0 0 1 1 147 2864 5.1% 4.3% 5.9% 

8 0 1 1 1 188 3423 5.5% 4.7% 6.3% 

9 1 1 0 0 225 2571 8.8% 7.7% 9.8% 

10 1 1 0 1 26 248 10.5% 6.7% 14.3% 

11 1 0 0 0 440 3113 14.1% 12.9% 15.4% 

12 1 1 1 0 249 1668 14.9% 13.2% 16.6% 

13 1 1 1 1 351 1834 19.1% 17.3% 20.9% 

14 1 0 0 1 65 311 20.9% 16.4% 25.4% 

15 1 0 1 0 492 2354 20.9% 19.3% 22.5% 
16 1 0 1 1 637 2486 25.6% 23.9% 27.3% 

14585 21504 22846 12394 3304 43472 7. 6% 7.4% 7.8% 

Figure E6 Illustration of observed probability and ' high-Iow' 95% confidence interva l 
bars for Risk Ladder 2.1 in Table 4.8 
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Table 4.9 Risk ladder-2.2 including four basic socio-demographic factors and the 
incidence of an admission for a fa ll with ' social serv ices ' as the outcome variable 

Tax Known P of Known 
Sea Aae Gender Tenure Band Fall to 'SS' Population to 'SS' Conf.lnterval 

1 0 1 0 0 0 56 7045 0.8% 0 .6 % 1 .0 % 

2 0 0 0 0 0 78 6044 1 .3% 1 .0% 1 .6 % 

3 0 0 0 1 0 10 496 2 .0% 0 .8% 3 .3 % 

4 0 1 0 1 0 18 725 2 .5% 1 .4 % 3 .6 % 

5 0 1 1 0 0 143 3917 3 .7 % 3 .1% 4 .2 % 
6 0 0 1 0 0 163 4241 3 .8 % 3 .3% 4 .4 % 
7 0 0 1 1 0 142 2840 5 .0 % 4 .2% 5 .8% 
8 0 1 1 1 0 178 3376 5 .3% 4 .5% 6 .0 % 

9 1 1 0 0 0 196 2501 7 .8% 6 .8% 8 .9% 
10 1 1 0 1 0 24 238 10.1% 6 .3% 13 .9% 
11 0 1 0 0 1 4 36 11 .1% 0 .8% 21.4% 
12 0 1 1 0 1 4 32 12 .5% 1.0% 24 .0 % 
13 1 0 0 0 0 372 2937 12.7% 11 .5% 13 .9 % 
14 1 1 1 0 0 234 1624 14 .4 % 12 .7% 16 .1% 
15 1 1 1 1 0 311 1757 17 .7% 15 .9% 19 .5% 
16 1 0 0 1 0 53 289 18.3% 13 .9% 22 .8% 
17 0 0 1 0 1 5 27 18 .5% 3 .9% 33 .2% 
18 1 0 1 0 0 426 2212 19 .3% 17 .6 % 20.9% 
19 0 0 1 1 1 5 24 20 .8% 4 .6 % 37 .1% 
20 0 1 1 1 1 10 47 21 .3% 9 .6% 33 .0% 
21 1 0 .~ .. 1 1 0 563 2345 24.0% 22 .3% 25 .7% 
22 1 1 

. 
1 0 1 15 44 34 .1% 20 .1% 48 .1% 

23 1 0 0 0 1 68 176 38 .6 % 31.4% 45 .8% 
24 1 1 0 0 1 29 70 41 .4 % 29 .9% 53 .0 % 
25 1 0 1 0 1 66 142 46.5% 38 .3% 54 .7% 
26 1 1 .: 1 1 1 40 77 51 .9 % 40.8% 63 .1% 
27 1 0 1 1 1 74 141 52.5% 44 .2% 60 .7 % 
28 1 0 0 1 1 12 22 54 .5% 33.7% 75 .4 % 

Figure E7 Illustrat ion of observed probability and ' high-Iow' 95% confidence interv~1 
bars for Risk Ladder 2.2 in Table 4.9 
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Table 4.10 Risk ladder-2.3 inc lud ing four bas ic. socio-demographic factors and the 
inc idence of an admission for heart di sease with ' social services ' as the outcome 

variable 

Tax Heart Known P of Known 
Seq Age Gender Tenure Band Disease to '55' Population to 'SS' Conf.interval 

1 0 0 0 1 1 3 0.0% 0.0% 0.0% 

2 0 1 0 0 0 57 7026 0.8% 0.6% 1.0% 

3 0 0 0 0 0 76 6050 1.3% 1.0% 1.5% 

4 0 1 0 1 0 16 721 2.2% 1.1% 3.3% 

5 0 0 0 1 0 11 495 2.2% 0.9% 3.5% 

6 0 1 1 0 0 135 3841 3.5% 2.9% 4.1% 

7 0 0 1 0 0 165 4223 3.9% 3.3% 4.5% 

8 0 0 1 1 0 144 2830 5.1% 4.3% 5.9% 

9 0 1 1 1 0 179 3331 5.4% 4.6% 6.1% 

10 1 1 0 0 0 212 2481 8.5% 7.4% 9.6% 

11 0 1 1 1 1 9 92 9.8% 3.7% 15.9% 

12 1 1 0 1 0 24 240 10.0% 6.2% 13.8% 

13 0 1 1 0 1 12 108 11 .1% 5.2% 17.0% 

14 1 0 0 0 0 422 3042 13.9% 12.6% 15.1% 

15 1 1 0 0 1 13 90 14.4% 7.2% 21.7% 

16 1 1 1 0 0 232 1576 14.7% 13.0% 16.5% 

17 1 1 1 0 1 17 92 18.5% 10.5% 26.4% 

18 1 1 1 1 0 332 1752 18.9% 17.1% 20.8% 

19 1 0 1 0 0 464 2267 20.5% 18.8% 22.1% 

20 1 0 0 1 0 63 304 20.7% 16.2% 25.3% 

21 1 1 1 1 1 19 82 23.2% 14.0% 32.3% 

22 1 0 1 1 0 600 2383 25 .2% 23.4% 26.9% 

23 1 0 0 0 1 18 71 25.4% 15.2% 35.5% 

24 1 0 1 0 1 28 87 32.2% 22.4% 42.0% 

25 0 1 0 1 1 3 9 33.3% 2.5% 64.1% 
26 1 0 1 1 1 37 103 35.9% 26.7% 45.2% 

Figure E8 Illustration of observed probabili ty and ' high-Iow' 95% confidence interva l 
bars for Risk Ladder 2.3 in Table 4.10 
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Table 4. 11 Risk ladder 2.4 including four basic socio-demographic facto rs and the 
incidence of an admission fo r stroke with 'social services' as the outcome variable 

Tax Known P of Known 
Seq Age Gender Tenure Band Stroke to '55' Population to '55' Conf.lnterval 

1 0 0 0 0 0 78 6058 1.3% 1.0% 1.6% 
2 0 1 0 0 0 56 7056 0.8% 0.6% 1.0% 
3 0 0 0 1 0 10 496 2.0% 0.8% 3.3% 
4 0 1 0 1 0 18 726 2.5% 1.3% 3.6% 
5 0 1 1 0 0 136 3898 3.5% 2.9% 4.1% 
6 0 0 1 0 0 161 4241 3.8% 3.2% 4.4% 
7 0 0 1 1 0 145 2843 5.1% 4.3% 5.9% 
8 0 1 1 1 0 176 3376 5.2% 4.5% 6.0% 
9 1 1 0 0 0 205 25 10 8.2% 7.1% 9.2% 

10 1 1 0 1 0 25 247 10.1% 6.4% 13.9% 
11 1 0 0 0 0 412 3028 13.6% 12.4% 14.8% 
12 1 1 1 0 0 235 1604 14.7% 12.9% 16.4% 
13 0 1 0 0 1 4 25 16.0% 1.6% 30.4% 
14 1 1 1 1 0 327 1767 18.5% 16.7% 20.3% 
15 1 0 1 0 0 471 2296 20.5% 18.9% 22.2% 
16 1 0 0 1 0 64 306 20.9% 16.4% 25.5% 
17 0 1 1 0 1 11 51 21.6% 10.3% 32.9% 
18 1 1 1 0 1 14 64 21 .9% 11.7% 32.0% 
19 1 0 1 1 0 609 24 16 25.2% 23.5% 26.9% 
20 0 1 -"- 1 1 1 12 47 25.5% 13.1% 38.0% 
21 0 0 1 0 1 7 27 25.9% 9.4% 42.5% 
22 1 1 0 0 1 20 61 32.8% 21 .0% 44.6% 
23 1 0 0 0 1 28 85 32.9% 22.9% 42.9% 
24 1 1 1 1 1 24 67 35.8% 24.3% 47.3% 
25 1 0 1 0 1 21 58 36.2% 23.8% 48.6% 
26 1 0 1 1 1 28 70 40.0% 28.5% 51 .5% 

Figure E9 Illustration of observed probabi lity and ' high- Iow' 95% confi dence interva l 
bars fo r Ri sk Ladder 2.4 in Table 4.1 I 
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Appendix-F Reproduction of risk laddersl.2-1.4 with both Wald 

(Standards) and Wilson confidence intervals 

In the following tables where the confidence intervals for a combination with the 

Wald method is not significant, the relevant row is partially coloured and where both 

the Wald and Wilson methods are not significant, the entire row is coloured. 

Table F.l Reproduction of the Risk ladder-l.2 (table 4.3), with Wald and Wilson 
confidence intervals 

Com blnation Number Popul Observ Standard Conf.lnte rval ~ Wilson Conf.lnterval 

'AGTBF' of Death ation ed Risk L.Bound U.Bound P L.Bound U.Bound 

r~p01.~~ "~i~','+: .o I ;o.','..!,2 1';;'140.0% ;/ ,- 0.0% I ~'~.h';'; 0.0% 33.3% -32.0% ," 98.7% 
00000 81 6044 1,3% 1,1% 1,6% 1,4% 1,1% 1,7% 
00010 9 496 1,8% 0,6% 3,0% 2,2% 0,9% 3,5% 
01000 129 7045 1,8% 1,5% 2,1% 1,9% 1,5% 2,2% 
00100 87 4241 2,1% 1,6% 2,5% 2,1% 1,7% 2,5% 
00110 89 2840 3,1% 2,5% 3,8% 3,2% 2,6% 3,8% 
01100 148 3917 3,8% 3.2% 4,4% 3,8% 3,2% 4,4% 
01010 28 725 3,9% 2,5% 5,3% 4,1% 2,7% 5,6% 
01110 177 3376 5.2% 4,5% 6,0% 5,3% 4,5% 6,1% 
00101 2 27 11'.1\1 .. 4% 1/I1"jc" J!2.5% W.;." 17..3% 12,9% 0,3% 25,5% 
01101 3 32 liwe:4% ':~'A·0.7% ( 19.5% 13,9% 1,9% 25.9% 
10100 287 2212 13,0% 11,6% 14,4% 13,0% 11,6% 14,4% 
11000 350 2501 14.0% 12,6% 15,4% 14,1% 12,7% 15,4% 
10000 413 2937 14.1% 12,8% 15.3% 14,1% 12,9% 15,4% 
10010 "47 289 16.3% 12,0% 20,5% 16,7% 12,4% 21.0% 
00111 4 24 16,7% 1,8% 31,6% 21,4% 5,0% 37.8% 
01001 6 36 16,7% 4,5% 28,8% 20.0% 6,9% 33.1% 
01111 8 47 17.0% 6,3% 27.8% 19,6% 8,3% 31 :0% 
10110 402 2345 17.1% 15,6% 18.7% 17,2% 15,7% 18.7% 
11100 300 1624 18.5% 16,6% 20,4% 18,6% 16,7% 20,4% 
11010 45 238 18,9% 13,9% 23.9% 19,4% 14,4% 24,4% 

r,',, 01011 1 ,', 5 20.0% -15.1% 55.1% 33.3% -8.0% 74.7% 
00001 6 30 20,0% 5,7% 34.3% 23,5% 8,4% 38,7% 
11110 368 1757 20,9% 19.0% 22.8% 21 ,0% 19.1% 22,9% 
10111 36 141 25,5% 18,3% 32.7% 26,2% 18.9% 33,5% 
10001 45 176 25,6% 19,1% 32.0% 26,1% 19,6% 32,6% 
10101 38 142 26,8% 19,5% 34,0% 27,4% 20,1% 34,7% 
11111 23 77 29,9% 19,6% 40,1% 30,9% 20.5% 41,2% 
11001 24 70 34.3% 23.2% 45,4% 35,1% 24.0% 46,3% 
11011 4 10 40.0% 9.6% 70,4% 42,9% 12,2% 73,5% 
10011 9 22 40.9% 20,4% 61 .5% 42,3% 21.7% 63,0% 
11101 19 44 43.2% 28,5% 57.8% 43.8% 29,1% 58,4% 

Legend 

A=Age IG = Gender IT = Tenure 

B =Tax Band IF = Falls I 
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Table F.2 Reproduction of the Risk ladder-I.3 (table 4.4), with Wald and Wilson 
confidence intervals 

Legend 

A=Age IG = Gender IT = Tenure 

B =Tax Band 11 = Ischemic Heart Disease I 
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Table F.3 Reproduction ofthe Risk ladder-lA (table 4.5), with Wald and Wilson 
confidence intervals 

Combination Number Popul Observe Standard Conf.lnterval ~ Wilson Conf.lnterval 

'AGTBS' of Death ation d Risk L. Bound U.Bound P L. Bound U.Bound 

. 00011 ; .. '~ , .... ,;,, 0 :.';' ::r2 · 0.0% .. ,\ 0.0% 0.0% 33.33% -32.0% 98.7% 
1,,·,',;11011 .";'· ... ·:; .. ;>...:0 I M/1,;x 1 I t~~o.O% 11';/ "' 0.00/. I .. ' . 0.0% 40.00% -56.0% 136.0% 

00000 82 6058 1.4% 1.1% 1.6% 1.39% 1.1% 1.7% 

00010 9 496 1.8% 0.6% 3.0% 2.20% 0.9% 3.5% 

01000 130 7056 1.8% 1.5% 2.2% 1.87% 1.6% 2.2% 

00100 85 4241 2.0% 1.6% 2.4% 2.05% 1.6% 2.5% 
00110 88 2843 3.1% 2.5% 3.7% 3.16% 2.5% 3.8% 
01100 133 3898 3.4% 2.8% 4.0% 3.46% 2.9% 4.0% 

01010 27 726 3.7% 2.3% 5.1% 3.97% 2.6% 5.4% 
01110 174 3376 5.2% 4.4% 5.9% 5.21 % 4.5% 6.0% 
10100 297 2296 12.9% 11 .6% 14.3% 13.00% 11.6% 14.4% 
10000 423 3028 14.0% 12 .7% 15.2% 14.02% 12.8% 15.3% 

11000 351 2510 14.0% 12.6% 15.3% 14.04% 12.7% 15.4% 

00101 4 27 14.8% 1.4% 28.2% 19.35% 4.5% 34.3% 

10110 403 2416 16.7% 15.2% 18.2% 16.74% 15.2% 18.2% 
10010 52 306 17.0% 12.8% 21 .2% 17.42% 13.2% 21.7% 
11100 303 1604 18.9% 17.0% 20.8% 18.97% 17.0% 20 .9% 
11010 49 247 19.8% 14.9% 24.8% 20 .32% 15.3% 25.3% 
01001 5 25 20.0% 4.3% 35.7% 24.14% 7.4% 40 .9% 
11110 363 1767 20.5% 18.7% 22.4% 20.61 % 18.7% 22.5% 
01111 11 47 23.4% 11 .3% 35.5% 25.49% 13.0% 37.9% 
00111 5 21 23.8% 5.6% 42.0% 28.00% 8.8% 47 .2% 
11101 16 64 25.0% 14.4% 35.6% 26.47% 15.7% 37.3% 
00001 5 16 31 .3% 8.5% 54.0% 35.00% 11 .6% 58.4% 
01101 18 51 35.3% 22.2% 48.4% 36.36% 23.2% 49.6% 
11001 23 61 37.7% 25.5% 49.9% 38.46% 26.3% 50.7% 
10001 35 85 41 .2% 30.7% 51.6% 41 .57% 31 .1% 52.1% 
11111 28 67 41 .8% 30.0% 53.6% 42.25% 30.4% 54.1% 
10101 28 58 48 .3% 35.4% 61 .1% 48.39% 35.5% 61.2% 
01011 2 4 50 .0% 1.0% 99.0% 50.00% 1.0% 99.0% 
10111 35 70 50.0% 38.3% 61 .7% 50 .00% 38.3% 61 .7% 

10011 .'.', '.\ . ~ 4 l ~i:" 5 '!"t 80.0% ;.;." 44.9% 115.1% 66.67% 25.3% 108.0% 

Legend 

A = Age IG = Gender IT = Tenure 

B =Tax Band Is = Strokes I 
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Appendix-G detailed explanation of the logistic regression 
models-3, -4, -5 and -6 

All models in this appendix condition on model-2 in Section 5.2 and contain detailed 

explanation ofmodel-3 to -6 discussed in Section 5.2. In this appendix, Subsection G.1 

focuses on 'age' and G.2 considers 'tax band'. 

G.t increasing the number of levels for 'age' variable 

G.1.t increasing the number of levels for 'age' to 3 categories (Model-3) 

The effect of all variables on mortality in this model like the previous one (model-2) is 

highly significant. By comparing the new model with the previous one, we can see a 

noticeable change in the value of OR for all variables especially for falls, stroke and 

gender. While for gender and tenure there is an increase in the value of OR, for other 

variables the OR values have decreased. Increasing the number of levels for age means 

that the OR of all variables will be more adjusted. So, for some variables, the gap 

between the reference category and other categories increases (e.g. gender and tenure, 

indication of higher discrimination on risk of mortality between different groups for- the 

same variable), 'and for other variables the gap decreases. However there is evidence of 

-a strong gradient for age. Table G.t includes the output for the model-3. 

Table G.t Model-3: Odds ratios based on logistic regression modelling by increasing 
the number oflevels for predictor age to three categories 

Death Odds Ratio Sig. [95% Cont. Interval] 
Gender 1.44 
Age-2 4.04 

Age-3 13.75 

Tenure 1.24 

Tax band 1.32 

Falls 1.88 
Heart Disease 1.80 

Strokes 4.12 

Number of obs = 43472 
Pseudo = 0.155 

0.000 1.33 1.55 
0.000 3.62 4.50 
0.000 12.32 15.35 

0.000 1.14 
0.000 1.21 
0.000 1.59 
0.000 1.50 
0.000 3.42 

r.: (8 d.f) = 3528.5, P = 0.0000 
Log likelihood = -9633.2 
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G.1.2 increasing the number of levels for 'age' .to 4 categories (Model-4) 

Like previous models, there is an increase in the OR of gender and tenure and a 

reduction in the OR of other variables as well as a clear gradient in OR for age. The 

output for the model-4 is shown in Table G.2 

Table G.2 Model-4: Odds ratios based on logistic regression modelling by increasing 
the number of levels for predictor age to 4 categories. 

Death Odds Ratio 
Gender 1.48 
Age-2 3.14 
Age-3 7.83 
Age-4 19.73 
Tenure 1.26 
Tax band 1.31 
Falls 1.79 
Heart Disease 1.74 
Strokes 3.90 

Number of obs = 43472 

Pseudo R2 = 0.166 

Sig. [95% Conf. Interval] 
0.000 1.37 1.60 
0.000 2.78 3.53 
0.000 7.00 8.76 
0.000 17.45 22.30 
0.000 1.15 1.38 
0.000 1.20 1.44 
0.000 1.51 2.13 
0.000 1.44 2.09 
0.000 3.23 4.70 

x2 
(9 d.f) = 3779.3, P = 0.0000 

Log likelihood = -9507.8 

G.1.3 increasing the number of levels for 'age' to 5 categories (Model-5) 

Unlike the previous models with dichotomous age variable, in this model, there is. an 

increase in the OR for tax band, heart disease and strokes. Full information for model-5 

is shown in Table G.3. 

Table G.3 Model-5: Odds ratios based on logistic regression modelling by increasing 
the number of levels for predictor age to 5 categories. 

Death Odds Ratio 
Gender 1.48 
Age-2 2.46 
Age-3 6.53 
Age-4 14.61 
Age-5 33.47 
Tenure 1.27 
Tax band 1.31 
Falls 1.75 
Heart Disease 1.74 
Strokes 4.05 

Number of obs = 43472 

Pseudo 'R 2 = 0.168 

Sig. [95% Conf. Interval] 
0.000 1.37 1.60 
0.000 2.12 2.85 
0.000 5.69 7.48 
0.000 12.73 16.77 
0.000 28.22 39.70 
0.000 1.17 1.39 
0.000 1.20 1.43 
0.000 1.48 2.08 
0.000 1.45 2.09 
0.000 3.35 4.88 

x2 
(10 d.f) = 3821.8, P = 0.0000 

Log likelihood = -9486.6 
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G.2 Changing Tax band from binary to three categories (Model-6) 

By increasing the number of levels for the tax band from two to three categories, the 

risk of someone living in tax band A-C increases from 1.3 times in the previous models 

to 1.6 times in model-6, comparing with tax bands F-H. The risk of someone living in 

Tax bands D-E (which in the previous models was not included in the model as it was 

combined with F-H) comparing with tax bands F-H, is 1.3 times higher. 

The most evident changes in OR are in tenure, reducing from 1.27 to 1.12 and the level 

of significance from less than 0.001 decrease to 0.02. It can also be interpreted that 

tenure appears to be the weakest predictor of death outcome between all seven 

variables as shown in Table 0.4. This is interesting in the sense that the effect oftenure 

tends to be ameliorated once the tax banding becomes more sensitive. 

Table 0.4 Model-6: Odds ratios based on logistic regression modelling by increasing 
the number of levels for predictor tax band to three categories. 

Death Odds Ratio 
Gender 1.49 
Age-2 2.47 
Age-3 6.55 
Age-4 14.63 
Aqe-5 33.49 
Tenure 1.12 
tax band 2 (D-E) 1.33 
Tax band 3 (A-C) 1.62 
Falls 1.76 
Heart Disease 1.75 
Strokes 4.06 

Number of obs = 43472 

Pseudo R2 = 0.169 

Sig. [95% Cont. Interval] 
0.000 1.38 1.61 
0.000 2.13 2.86 
0.000 5.71 7.50 
0.000 12.75 16.79 
0.000 28.23 39.73 
0.022 1.02 1.24 
0.000 1.19 1.49 
0.000 1.43 1.84 
0.000 1.48 2.09 
0.000 1.45 2.10 
0.000 3.37 4.90 

') 'I: (11 d.f) = 3846.5, P = 0.0000 

Log likelihood = -9474.3 
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Appendix-H Models with Interaction effects 

H.1 Models with only the pair of variables in the interaction 

In the first part of this appendix the interaction between 'housing tenure' and three 

causes of hospital admissions (FIS) will be considered and in the second part I will 

look at the interaction between 'Council tax banding' and FIS. 

H.1.1 Interaction between Housing tenure and FIS 

In this part the effect of housing tenure on each causes of hospital admission are 

illustrated in a separate table (model) extracted from Stata. 

G.1.1.1 Interaction between Tenure and Falls: 

The result from interaction between both housing association properties and council 

housing with the hospital admission as a result of fall, which is illustrated in Table-H.I, 

is highly significant. 

Table-H.1 Interaction between Tenure and Falls 

Death Odds Ratio Sig. [95% Conf. Interval] . 

Housing Association 1. 99 0.000 1. 74 2.26 
Council Housing 1. 52 0.000 1.40 1. 64 
Falls 6.46 0.000 5.06 8.23 
Housing-Ass X Falls .35 0.000 .20 .61 
Council-Hou X Falls .62 0.005 .45 .86 

Number of obs = 43472 X
2 

(5 d.f) = 448.83, P = 0.0000 
Pseudo R2 = 0.02 Log likelihood = -11173.08 

H.1.1.2 Interaction between Tenure and Heart Disease 

Table-H.2 shows the interaction between tenure and heart disease. In this model the 

effect of interaction between housing association and heart disease is significant but 

between council housing and heart disease is highly significant. 
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Table-H.2 Interaction between Tenure and Heart Disease 

Death Odds Ratio Sig. [95% Conf. Interval] 

Housing Association 1. 94 0.000 1. 70 2.21 
Council Housing 1. 50 0.000 1. 39 1. 63 
Heart Disease 5.12 0.000 3.83 6.85 
Housing-Ass X HD .47 0.014 .25 .85 
Council-Hou X HD .47 0.000 .32 .68 

2 Number of obs = 43472 X (5 d.f)=300.10, P = 0.0000 
Pseudo R2 = 0.013 Log likelihood = -11247.45 

H.1.1.3 Interaction between Tenure and Stroke 

In this model the interaction between housing association and stroke is not significant. 

The level of significance for interaction between council housing and stroke is also 

weaker than the earlier two models; for falls and heart disease. The result of interaction 

between tenure and stroke is illustrated in Table-H.3. 

Table-H.3 Interaction between Tenure and Stroke 

Death Odds Ratio Sig. [95% Conf. Interval] 

Housing Association 1. 86 0.000 1. 63 2.'12 
Council Housing 1. 49 0.000 1.37 1. 61 
Stroke 10.18 0.000 7.59 13.65 
Housing-Ass X Stroke .67 0.146 .38 1.15 
Council-Hou X Stroke .59 0.006 .41 .86 

Number of obs = 43472 2 
0.0000 X (5 d.f)= 560.64, P = 

Pseudo R2 = 0.025 Log likelihood = -11117.18 

In the above three models, the interaction between both housing association and 

council housing with FIS, except for one case (housing association and stroke) are 

significant. 

H.1.2 Interaction between Council tax banding and FIS 

In this part the interaction between council tax banding and each of the three causes of 

hospital admissions will be examined. 
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H.1.2.1 Interaction between Tax banding and falls 

The result for this test shows that the interaction between tax banding D-E and falls is 

not significant but between tax banding A-C and falls is highly significant. The result 

of the interaction between housing tenure and falls are illustrated in Table-H.4. 

Table-H.4 Interaction between Tax banding and Falls 

Death Odds Ratio Sig. [95% Conf. Interval] 

Tax Bands D-E 1. 45 0.000 1. 31 1. 60 
Tax Bands A-C 2.10 0.000 1. 91 2.31 
Falls 6.34 0.000 4.72 8.52 
Tax Bands D-E X Falls .78 0.219 .53 1.16 
Tax Bands A-C X Falls .52 0.001 .35 .76 

Number of obs = 43472 )(,2(5 d.f) = 527.46, 0.0000 P = 
Pseudo R2 = 0.023 Log likelihood = -11133.77 

H.1.2.2 Interaction between Tax band and Heart Disease 

In this model the level of significance for interaction between tax banding D-E and 

heart disease just over 0.05 which means is not significant but for tax banding A-C and . . 

heart disease is highly significant, as it is shown in Table-H.5. 

Table-H.5 Interaction between Tax banding and Heart disease 

Death Odds Ratio Sig. [95% Conf. Interval] 

Tax Bands D-E 1. 44 0.000 1. 30 1. 58 
Tax Bands A-C 2.08 0.000 1. 89 2.29 
Heart Disease 4.71 0.000 3.34 6.62 
Tax Bands D-E X HD .65 0.053 .42 1. 00 
Tax Bands A-C X HD .50 0.002 .32 .78 

Number of obs = 43472 2 
)(, (5 d.f}=381.62, P = 0.0000 

Pseudo R2 = 0.017 Log likelihood = -11206.688 
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H.1.2.3 Interaction between Tax band and Str(>ke 

Table-H.6 bellow shows the interaction between tax banding and stroke. In this model 

for strokes again the interaction effect is not significant for bands D-E but for bands A

C is significant. 

Table-H.6 Interaction between Tax banding and Stroke 

Death Odds Ratio Sig. [95% Conf. Interval] 

Tax Bands D-E 1. 44 0.000 1.30 1. 58 
Tax Bands A-C 2.07 0.000 1. 89 2.28 
Stroke 10.05 0.000 7.20 14.04 
Tax Bands D-E X Stroke .73 0.161 .47 1.13 
Tax Bands A-C X Stroke .61 0.024 .39 .93 

Number of obs = 43472 X2
(5 d.f) 652.38, P = 0.0000 = 

Pseudo R2 = 0.029 Log likelihood = -11071.309 

The output of the above three models confirms that the interaction between tax banding 

A-C and FIS are significant but it is not significant for tax band D-E. 

H.2 The full model with all variables (age as a continuous variable) 

-
In this section ~he interaction between tenure and tax banding with three causes of 

,hospital admissions (all six models in Section H.l, above) once again have been 

examined in a full model (including all variables). 

H.2.1 Interaction between Housing tenure and FIS in full model 

In this part interaction between tenure and FIS will be assessed. 

H.2.1.1 Full model including the interaction between Tenure and Falls 

Table-H.7 above illustrates the full model including the interaction between tenure and 

falls. As the model suggests, by including other factors (such as sex, age etc), neither 

the variable council hou~ing itself nor the interaction between council housing and falls 

are significant. 
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Table-H.7 Full model including the interaction between Tenure and Falls 

Death Odds Ratio Sig. [95% Conf. Interval] 

Sex 1. 53 0.000 1. 41 1. 66 
Age 1.10 0.000 1. 09 1.10 
Housing Association 1. 50 0.000 1.29 1. 74 
Council Housing 1.09 0.117 .98 1.21 
Tax Bands D-E 1. 34 0.000 1.20 1. 51 
Tax Bands A-C 1. 64 0.000 1. 45 1. 86 
Falls 1. 96 0.000 1. 50 2.57 
Heart Disease 1.72 0.000 1. 43 2.07 
Stroke 3.83 0.000 3.17 4.63 
Housing-Ass X Falls .43 0.007 .23 .79 
Council Hou X Falls .86 0.425 .60 1. 24 

Number of obs = 43472 %2(11 d.f) 4032.94, P = 0.0000 = 
Pseudo R2 = 0.177 Log likelihood = -9381.029 

H.2.1.2 Full model with interaction between Tenure and Heart disease: 

Unlike the previous model (in Table-H.7) where the interaction between council 

housing and falls was not significant, this model, as illustrated in Table-H.8, shows that 

the interaction between council housing and heart disease is significant and also that 

the interaction between housing association and heart disease is not significant. 

Table-H.8 Full model including the interaction between Tenure and Heart disease. 

Death Odds Ratio Sig. [95% Conf. Interval] 

Sex 1. 53 0.000 1. 41 1. 65 
Age 1.10 0.000 1. 09 1.10 
Housing Association 1. 44 0.000 1.24 1. 67 
Council Housing 1.10 0.080 .99 1.22 
Tax Bands D-E 1. 35 0.000 1.21 1.51 
Tax Bands A-C 1. 65 0.000 1.46 1. 87 
Falls 1. 67 0.000 1.40 1. 98 
Heart Disease 2.35 0.000 1. 70 3.24 
Stroke 3.85 0.000 3.19 4.65 
Housing-Ass X HD .74 0.388 .38 1. 46 
Council-Hou X HD .63 0.023 .42 .94 

Number of obs =43472 %2(11 d.f) = 4030.30, P = 0.0000 
Pseudo R2 = 0.177 Log likelihood = -9382.349 

H.2.1.3 Full model with interaction between Tenure and Stroke: 

The interaction between strokes and either of the social housing tenure is significant as 

the following model in Table-H.9 implies. 
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Table-H.9 Full model including the interaction between Tenure and Stroke 

Death Odds Ratio Big. [95% Conf. Interval] 

Sex 1. 53 0.000 1. 41 1. 66 
Age 1.10 0.000 1. 09 1.10 
Housing Association 1. 42 0.000 1.22 1. 66 
Council Housing 1. 08 0.149 .97 1.20 
Tax Bands D-E 1. 35 0.000 1.21 1. 52 
Tax Bands A-C 1. 65 0.000 1. 46 1. 87 
Falls 1. 67 0.000 1. 40 1. 98 
Heart Disease 1.72 0.000 1. 43 2.07 
Stroke 4. 08 0.000 2.95 5.64 
Housing-Ass X Stroke .97 0.913 .52 1. 79 
Council-Hou X Stroke .91 0.639 .60 1.37 

Number of obs = 43472 X2
(ll d.f) 4025.41, P = 0.0000 = 

Pseudo R2 = 0.177 Log likelihood = -9384.793 

H.2.2 Interaction between Council tax banding and FIS in full model 

In the following three models, the interaction between tax banding and three causes of 

hospital admissions (FIS) will be examined in a full model. As has been highlighted, in 

the all three following models (illustrated in Tables-H. 10, H.ll and H.12), the 

interaction between two groups of lower tax banding (categories D-E and A-C) with all 

three causes of hospital admissions (PIS), are not significant. 

H.2.2.1 Full model including the interaction between Tax banding and Falls: 

Table-H. 1 0 Full model including the interaction between Tax banding and Falls 

Death Odds Ratio Big. [95% Conf. Interval] 

Sex 1. 53 0.000 1. 41 1. 66 
Age 1.10 0.000 1.09 1.10 
Housing Association 1.42 0.000 1.23 1. 65 
Council Housing 1. 08 0.168 .97 1.19 
Tax Bands D-E 1.35 0.000 1.20 1. 52 
Tax Bands A-C 1. 68 0.000 1. 48 1. 91 
Falls 1. 89 0.000 1.37 2.62 
Heart Disease 1. 73 0.000 1. 44 2.08 
Stroke 3.85 0.000 3.18 4.65 
Tax Bands D-E X Falls 1. 02 0.928 .66 1. 57 
Tax Bands A-C X Falls .71 0.111 .46 1.08 

Number of obs = 43472 X2(ll d.f)= 4029.22, = 0.0000 P 
Pseudo R2 = 0.177 Log likelihood = -9382.89 
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H.2.2.2 Full model including the interaction between Tax banding and Heart 

Disease 

Table-H.11 Full model including the interaction between Tax bands and Heart disease 

Death Odds Ratio Sig. [95% Conf. Interval] 

Sex 1.53 0.000 1. 41 1. 65 
Age 1.10 0.000 L09 1.10 
Housing Association 1. 42 0.000 1.22 1. 64 
Council Housing 1.07 0.175 .97 1.19 
Tax Bands D-E 1.37 0.000 1.22 1. 53 
Tax Bands A-C 1. 68 0.000 1. 48 1. 91 
Falls 1. 66 0.000 1.40 1. 98 
Heart Disease 2.16 0.000 1. 49 3.13 
Stroke 3.85 0.000 3.19 4.66 
Tax Bands D-E X HD .81 0.388 .50 1. 30 
Tax Bands A-C X HD .69 0.120 .43 1.10 

Number of obs = 43472 X2
(11 d.f)= 4027.58, P = 0.0000 

Pseudo R2 = 0.177 Log likelihood = -9383.71 

H.2.2.3 Full model including the interaction between Tax banding & Stroke: 

Table-H. 12 Full model including the interaction between Tax banding and Stroke 

Death Odds Ratio Sig. [95% Conf. Interval] 

Sex 1.53 0.000 1. 41 -1. 65 
Age 1.10 0.000 1. 09 1.10 
Housing Association 1.42 0.000 1.23 1. 65 
Council Housing 1. 08 0.167 .97 1.19 
Tax Bands D-E 1. 36 0.000 1.21 1. 53 
Tax Bands A-C 1. 66 0.000 1. 46 1. 88 
Falls 1. 67 0.000 1. 40 1. 98' 
Heart Disease 1. 73 0.000 1. 44 2.08 
Stroke 4.26 0.000 2.96 6.15 
Tax Bands D-E X Stroke .88 0,584 .54 1.41 
Tax Bands A-C X Stroke .87 0.559 .54 1. 40 

Number of obs = 43472 X2(11 d.f)= 4025.59, P 0.0000 = 
Pseudo R2 = 0.177 Log likelihood = -9384.71 
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, Appendix-I Roe curve construction 

In a ROe curve, sensitivity is calculated using every value of a variable (factor) in the 

data set as a cut-point and is plotted against the corresponding value of (l-specificity) 

at that point. Thus the curve is the true positives plotted against the false positives 

calculated using each value of the test as a cut-point (Peat & Barton, 2005). An 

illustration of a Roe curve is presented in Figure I.2.1first need to show how the cut

points are determined. 

1.1 Calculation of cut-points and construction of ROC curves 

The process of the calculation of the sensitivity and specificity in detail can be 

explained with help of the following two examples using Stata. 

Example-J includes the process of the calculation of sensitivity and specificity for two 

variables (Mortality and Tenure). Table L 1 is a classification table of the binary 

variables deaths and tenure (for the data analysed in earlier sections), by Stata. 

Table 1.1 classification table for variables 'death' and 'tenure'. 

death bi 
ten bi 
o 1 I Total 

-----------+----------------------+----------
o I 19,429 20,855 I 40,284 
1 I 1,197 1,991 I 3,188 

-----------+----------------------+----------
Total I 20,626 22,846 I 43,472 

In first step Stata creates a classification table by allocating the value to each cell based 

on the convention that '0' signifies absence and' l' signifies presence ('01-' and' 11+' 

title of rows and columns). 
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For example the cell represented by ' a ' in the Table L I, has the title of ' 11 ' or '++' 

(which is TP) and so on. The above table from Stata (table 1.1), using conventiona l 

labe ls a, b, c and d to match table 1.1 , can be presented in the form of Table 1.2. 

Tab le H.2 Reproduction of Tab le H.l with each cell in order 

tenure bi 

1 (+) 0(-) 

1 
death b i 

(+) 1, 99 1 (a) 20 , 855 (b) 

° ( -) 1,1 97 (c) 19 , 429 (d) 

3 , 1 88 40 , 284 
a + c b + d 

For the above example, the sensitivity and specific ity can be calcu lated as: 

Sensitivity = a/(a+c) = 1,991/3 , 188 = 62.45% (the same va lue as Stata output, in 

Table 8.4) 

Specificity = d/(b+d) 

in Table 8.5) 

19,429/40,284 48.23% (the same value as Stata output, 

l-Specificity = 100%-48.23% = 51.77% 

The X and Y values in the graph are respectively 5 1.77% and 62.45%. 

Table 1.3 shows the detailed reports of Sensitiv ity and Specific ity from Stata. 

Table 1.3 Detailed reports of Sensitivity and Specific ity from Stata 

Cutpoint 

( >= 0 ) 
( >= 1 ) 
( > 1) 

Correctly 
Se n s itivity Specificity Cla s sified 

100 . 00 % 
62 .4 5% 

0 . 00 % 

0.00 % 
48 . 23 % 

100.00% 
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7 . 33 % 
49 . 27% 
92 . 67 % 

LR+ 

1. 0000 
1.2064 

LR-

0.7785 
1.0000 



The ROC curve for two binary variables (death and tenure) produced by Stata is 

illustrated in Figure·I.I and Table 1.4 contains detailed information. 

Fig I.] ROC curve for two binary variables; death and tenure from Stata 

'" N 
o 

o 
o 
o ~-----'-----.------r-----~ 

0.00 0.25 0.50 0.75 1.00 
1 - Specificity 

Area under ROe curve ~ 0.5534 

Table].4 Detailed information of area under ROC Curve (AUC) from Stata 

Obs 

43472 

ROC 
Area 

0 . 5534 

Std . Er r . 

0 . 0045 

-Asymptotic Normal - 
[ 95 % Co n f . I n terval] 

0 . 54466 0 . 562 17 

fn the above graph (Figure 1.1) the area between the diagonal and the curve shows the 

size (magnitude) of differences between mortality in social housing and private 

housing. The area under the curve suggests there is little to distinguish in their impact 

on death when considered in isolation. In general, when the ROC curve climbs rapidly 

towards the upper left hand corner of the graph, the test result is good. 

Clearly, with categorical variables which are dichotomous there is little discriminating 

potential in the number of points in order to construct a curve.fwill now extend the 

number of cut-offs by considering age as a categorical variable with five levels (50-59, 

60-69, 70-79,80-89 and 90 years old or more). 
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Example-2 An example of ROe curve with the process of calcu lation of sensitivity and 

specificity with variables ' death ' (b inary) and 'age' (with 5 categories by increasing 

age from category I to 5): 

Table 1.5 Detailed reports of Sensitivity and Specific ity by Stata (modified) 

Cutpoint 

>= 1 
>= 2 
>= 3 
>= 4 
>= 5 
> 5 

Correctly 
Sensitivity Specificity Classified 

100 . 00 % 

13.86% 
0.00% 

0 . 00 % 
41. 66% 
69 . 78 % 
88 . 53% 
98 .16% 

100.00% 

7 . 33 % 
45.28 % 
70.20 % 
85 .47 % 
91 . 98 % 
92 . 67 % 

LR+ LR-

1.0000 
1.5594 0 . 2168 
2 . 5013 0 . 3497 
4.0790 0.600 9 
7.5476 0.8775 

1. 0000 

The steps bellow illustrate the calculation of each cut-point in the ROe curve 

illustrated in Figure 1.2. Table 1.5 shows a detailed report of sensitiv ity and spec ificity 

produced by Stata and has been modified by colours. Each co lour represents one of the 

steps below. 

The process of identifying each cell with an appropriate va lue (labelled as a, b, c and d 

in balloons) for computation of the sensitiv ity and specific ity in Table 1.5 (wh ich is the 

basis of ROe curve in Figure 1.2) are demonstrated in the following four steps. 

Sensitivity at each step can be computed by dividing the va lue of ' a' to the sum of ' a ' 

and 'c' . The value of sensitivity for each step can be find in Table H.5 .highlighted 

with the same colour used in each step below. The same mechan ism is also appropriate 

for the computation of specificity (by dividing % + d) . The four cut-points are 

determined in the following four steps: 
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Step-l (cut-point 1 ): 

I ~ diage2 ~ 
death bi I 1 2 3 4 5 I Total 

--- - - ------+- - ---- - ----------- - - ----- - --- ---------- ------ ----- ---+------- - --

° I 11 6, 784 11 , 325 7, 553 3, 88~ I2I9 I 40 , 284 

1 I 288 490 918 1,05 ~4 I 3, 188 
- - ---------+- --------- --- -------- --- ----- - - --- ------ --- ----- ----- +--- - - -----

Total I 17 , 072 11 , 815 8, 471 4, 932 1 , 18 43 , 472 
c a 

Step -2 (cut-point 2): 

death bi 

° I 
1 I 

- ---- - --- - - +- --- -------- - - - --- ----
Total I 17, 072 11, 815 

Step-3 (cuI-point 3): 

deat h b i 1 2 

diage2 
3 

diage2 
3 4 5 I 

Total 

40 , 284 
3, 188 

Tota l 
- --- - - -- ---+- - -- ---- --- ---- - -- -- -- - - --- -- - - --- - - -- --- - - -- --- - -- ----+----- -- - --

o I 1 6 , 784 11 , 325 7 , 553 3 , 882 40 , 284 
1 I 288 4 90 918 1 , 050 3 , 188 

-- ---;~;~; -;- -- - ; ; : ;;;~;; : ;;;----- - ; : ;;;------;:;;; - --Q 

Step-4 (cut-point 4): 

death b i 1 2 
diage2 

3 5 I Tota l 
-- --- ----- -+ - - ---- --------------------- -- ------- -- ------- -- --------+-- --- - ----

o I 
1 I 

11 , 815 
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40 , 2 84 
3 , 188 

------------------+ - --- - ---- -
4 , 932 1 , 182 I 43 , 472 



Figure 1.2 A ROC Curve shows the cut-point with the values for Sensitivity and 
I-Specificity for each point. 

o 
o 

.~ 
~g 
'" . cO 
Ql 

Cl) 

U") 
N 
c::i 

o 
o 

4 ) Sn =90 . 97% 
1- So=58 . 34 % 

3) Sn =7 5.60 % 
1- Sp=30 . 22 % 

2) Sn =46 . 80% 
l - Sp=l 1. 47% 

1) Sn =13 . 86% 
l - Sp=1. 84 % 

c::i L,------.-------.-------.-------~ 
0.00 0.25 0.50 0.75 1.00 

1 - Specificity 
Area under ROe curve = 0.7772 

The AUC in the above figure (0.78) shows a stronger result comparing with the 
previous one in figure 1.1 with AUC = 0.55. 
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Appendix-J A summary of the evaluation of each stage of logistic 
regression modelling 

Basic Model 4 binary factors (age, sex, Tenure & Tax Bands) 

-3% 
Improvement 

-1 % 
Improvement 

AUC = 0.7585 R2 = 0.1197 

& 80 + 

AUC = 0.7845 
R2 = 0.1410 

4 Age groups: 
50-64 / 65-74 
75 - 84 & 80 + 

AUC = 0.7935 
R2 = 0.1535 

-2% 
Improvement 

binary + FIS) 
R2 = 0.1360 

0.05 % 
Improvement 

5 Age groups : 
50-59 / 60 - 69 
70-79 / 80-89 

& 90 + 

AUC = 0 . 7940 
R2 = 0.1550 

~ 

By adding 3 causes of ospital admissions 
(FIS) to each of the bove 3 models: 

3 Age groups 
+ FIS 

AUC = 0 . 7965 
R2 = 0.1548 

4 Age groups 
+ FrS 

AUC = 0.8026 
R2 = 0.1658 

........ ......... ...... 

~ • 5 Age groups 
+ FIS 

AUC = 0 . 8051 
R2 = 0.1677 

............ ............ 

5 Age groups + FrS + 3 categories of 
Tax bands (A- C/D-E/F-H) 

AUC = 0 . 8059 
R2 = 0.1687 

~ 
~ 
~ 
~ .. 

5 Age groups + FrS + 3 categories of Tax bands (A
CID-ElF- H) & 3 Categories of Housing Tenure 

(Private , Council Housing & Housing association) 
AUC = 0.8060 R2 = 0 . 1695 
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