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Abstract 

Breast cancer places a high burden on the health system and on society as a 

whole. Incidence has been on the increase in recent decades and is projected 

to continue increasing in the coming years. There are constant advances in 

breast cancer screening and treatment which have a positive influence on 

outcome for women with breast cancer, however costs associated with these 

advancements are also increasing. It is important to look at breast cancer as 

a number of diseases which have varying causes, treatments and prognosis. 

Breast cancer screening, as part of a wider cancer control strategy, was 

introduced as a means to counteract the increasing loss of life and treatment 

costs associated with breast cancer. This thesis examines decisions made 

along various junctures of the breast cancer care pathway, from screening to 

initiation of treatment to outcomes for women with breast cancer with an 

emphasis on inequality. This analysis draws on a theoretical foundation of 

expected utility theory behaviour with respect to health, in order to gain 

insight into decisions surrounding health and health behaviour for breast 

cancer. We support this using empirical analysis  Northern Ireland and 

Britian drawing upon a number of data sources. In order to obtain a clearer 

understanding of the role of inequality it is important not to focus on one 

juncture of the care pathway but examine it along various junctures. Overall 

findings of this examination are that while inequality is not found to exist in 

terms of income, there may be other factors which influence health 

behaviours and outcomes in relation to breast cancer which are likely to be 

highly correlated with socio-economic status and thereby income.  
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Introduction and Context 

Breast cancer is the most common occurring cancer in women in the 

developed world, (Parkin et al., 2001, Pallis et al., 2010, Brown et al., 2001, 

National Cancer Institute, 2011). There have been major advancements in 

screening and treatment in recent years which are well documented 

(Tosteson et al., 2008, Thomas et al., 2009a, ATAC Trialists' Group, 2005), 

and are to be welcomed, however little is known as to how these gains are 

distributed across the population. It is unclear if all women across all socio-

economic groups have benefited equally from these gains, or if the benefits 

are concentrated among one portion of society. While issues of efficiency 

and equity are sometimes seen as separate and competing goals, in many 

instances there is no necessary trade-off between the two. Where uptake of 

cost effective interventions exhibit pro-rich patterns of uptake, for example, 

it may be possible by encouraging uptake among the less well-off both to 

improve the overall efficiency and equity of the health care system. This 

may be the case with respect to breast cancer services, though it is important 

to examine the potential for unintended consequences that interference in 

one part of the system may have for what happens at other parts of the 

system. 

 

The remainder of this chapter is set out as follows: section 1.2 provides an 

overview of breast cancer, section 1.3 outlines the thesis objectives, section 

1.4 describes the structure of the thesis, section 1.5 lists thesis outputs and 

section 1.6 concludes the chapter.  

 

1. Introduction and Rationale for the Study 
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Overview of Breast Cancer 

1.2.1 Incidence and Prevalence 

In 2011, globally breast cancer was responsible for more female deaths than 

any other cancer (World Health Organisation, 2014). Breast cancer 

incidence rates have increased steadily in Britain over the past number of 

decades, as illustrated in Figure 1-1 (Cancer Research UK, 2012a). Breast 

cancer is the most commonly diagnosed cancer in women in the UK, 

excluding non-melanoma skin cancer, with approximately 49,500 women 

diagnosed with the disease in 2010 accounting for 15.9 per cent of all 

cancers diagnosed in women in that year (Cancer Research UK, 2013b). In 

the UK, breast cancer incidence increased by 72 per cent from 1984 to 2007 

and is predicted to increase by a further 44 per cent by 2030 as a result of 

changes in demography (Mistry et al., 2011). This projection has taken into 

account possible distortions caused by universal screening for breast cancer 

but does not take into account external effects on breast cancer incidence 

such as diet and lifestyle, improvements in which are shown to decrease 

incidence rates. Unlike many cancers which are associated with older age, 

50 percent of breast cancer cases are diagnosed in women under the age of 

58 in Ireland (National Cancer Institute, 2011). Given its high prevalence 

and the often younger age at diagnosis it is unsurprising that it ranks third 

amongst cancers in terms of potential years of life lost. Globally cancer 

incidence has been predicted to reach between 15 and 17 million new cases 

per year by 2020 with 40 per cent of these in developed countries and it is 

estimated breast cancer will make up a quarter of all these new cancers 

(López-Gómez et al., 2013).  

 

1.2.2 Breast Cancer Survival 

The increase in incidence rates has been accompanied by an increase in 

survival rates with the result that overall prevalence rates have risen, as have 
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costs associated with management of the disease (Campbell and Ramsey, 

2009, Mandelblatt et al., 2003, Hsu et al., 2013, Perry et al., 2007). These 

higher incidence and prevalence rates have a number of consequences 

beyond health care because costs associated with breast cancer extend 

beyond treatment, to include reduced earnings, reduced quality of life, loss 

of life and wider societal implications, such as the impact on family 

members.
1
 

 

Figure 1-1: Breast cancer incidence – Age Standardised incidence rates 

female breast cancer in Britain, 1975-2010 

 

(Source: Cancer Research UK (2012a)) 

 

Among breast cancer patients, studies have shown that there is a negative 

relationship between survival and stage at diagnosis (Bland et al., 1998), see 

Figure 1-2, and also between stage at diagnosis and treatment costs 

(Wolstenholme et al., 1998, Subramanian et al., 2011)
2
. 

                                                 
1
 The breast cancer cost implications are explored in detail in chapter 2. Details on breast 

cancer staging are also provided. 

2
 A detailed overview of drivers of treatment costs and the risks associated with breast 

cancer is provided in Chapter 2. 
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Figure 1-2: 10 year breast cancer survival rates by stage at diagnosis 

 

(Source: Bland et al. (1998))
3
 

In 1999 breast cancer treatment costs were estimated at £7,247 per breast 

cancer case, totalling £243 million for the UK (Dolan et al., 1999). By 2009 

total breast cancer healthcare costs in the UK were £403 million (Luengo-

Fernandez et al., 2013). The same study estimated that of the total cancer 

related costs in the EU, including productivity loss and informal care, €15 

billion (12%) were attributable to breast cancer, which accounted for the 

highest proportion of health care costs of all cancer types. 

 

The stage at which the cancer is detected and treated can have very different 

expected outcomes for the patient. It is generally accepted that metastatic 

(also known as stage IV which is the most advanced stage) breast cancer 

patients have a lower probability of going into remission than cancers 

treated at earlier stages (Singletary and Connolly, 2006, Bland et al., 1998, 

Greenberg et al., 1996), as costs borne by the woman in terms of health 

                                                 
3
 Stage 0 is also known as in situ breast cancer and can occur in the ducts, known as ductal 

carcinoma in situ (DCIS) or in the lobules of the breast, known as lobular carcinoma in situ 

(LCIS). This type of breast cancer is not included in the analysis contained in later chapters 

of this PhD as the focus here is on malignant breast cancer.  
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related quality of life increase. For example, Wan et al. (2013) found higher 

short-term disability costs among women with stage IV disease than women 

with early stage disease, on average, between $6166 and $9194 for 

metastatic breast cancer patients versus between $3690 and $6673, 2009 

prices, for women with early stage breast cancer. Late stage breast cancer 

patients were also likely to take more sick leave than their counterparts in 

the control group. Given this, it is perhaps unsurprising that a significant 

amount of resources are directed to prevention, early detection, treatment 

and prevention of recurrence, of breast cancer in the UK.  

 

There is evidence to suggest that a significant amount of resources go into 

treating breast cancer (Bradley et al., 2008, Baker et al., 1991, Yabroff et al., 

2007, Kimman et al., 2011, Remak and Brazil, 2004, Taplin et al., 1995, 

Sharp and Timmons, 2010, Sasser et al., 2005a, Rao et al., 2004, Bennett 

and Calhoun, 2007)
4
. The probability of recovery and treatment 

administered differs depending on the stage of the cancer at diagnosis (Bray 

et al., 2004) and the probability of experiencing long-term negative health 

repercussions increase with stage at diagnosis (Groot et al., 2006). 

 

1.2.3 Screening and Treatment 

Following recommendations in the Forrest Report universal breast screening 

was first introduced in the UK in 1989 as a means to detect women with the 

disease at an earlier stage with the aim of reducing breast cancer morbidity 

and mortality rates and reducing cost of treatment, (Department of Health 

and Social Security, 1986). Despite the introduction of screening, breast 

cancer was the second highest cause of cancer mortality in women in the 

UK in 2011 after lung cancer and ranked third in terms of cancer mortality 

                                                 
4
 Further discussion is provided on this in chapter 2. 
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when cancers from both sexes are included, after lung and bowel cancer 

(Cancer Research UK, 2011).  

 

Figure 1-3: Worldwide breast cancer incidence rates 

 

(Source: Cancer Research UK (2012b)) 

There is evidence to suggest that a significant amount of resources go into 

treating breast cancer (Bradley et al., 2008, Baker et al., 1991, Yabroff et al., 

2007, Kimman et al., 2011, Remak and Brazil, 2004, Taplin et al., 1995, 

Sharp and Timmons, 2010, Sasser et al., 2005a, Rao et al., 2004, Bennett 

and Calhoun, 2007). The probability of recovery and treatment administered 

differs depending on the stage of the cancer at diagnosis (Bray et al., 2004) 

and the probability of experiencing long-term negative health repercussions 

increase with stage at diagnosis (Groot et al., 2006). 

 

1.2.3 Screening and Treatment 

Following recommendations in the Forrest Report universal breast screening 

was first introduced in the UK in 1989 as a means to detect women with the 

disease at an earlier stage with the aim of reducing breast cancer morbidity 



 

 

7 

 

and mortality rates and reducing cost of treatment, (Department of Health 

and Social Security, 1986). Despite the introduction of screening, breast 

cancer was the second highest cause of cancer mortality in women in the 

UK in 2011 after lung cancer and ranked third in terms of cancer mortality 

when cancers from both sexes are included, after lung and bowel cancer 

(Cancer Research UK, 2011).  

 

Figure 1-3 demonstrates that breast cancer is primarily a first world problem 

as the countries coloured darker pink indicate higher incidence rates for 

breast cancer, many of which operate a universal breast screening 

programme. This continues to be the case, despite the implementation of 

universal breast cancer screening programmes in many developed countries 

– where incidence is highest – to detect breast cancers at an earlier stage, 

advances in technology (Tosteson et al., 2008) and treatments (National 

Centre for Pharmacoeconomics, 2008) in recent years. 

 

While the literature provides strong evidence of the relationship between 

stage and care costs it is also evident from the literature that treatments vary 

related to the type of breast cancer (Lage et al., 2010b, Vera-Llonch et al., 

2011b), that is hormonal, Her2 or triple negative, each of which are 

explained in detail in the following chapter. As technologies have emerged 

to target specific types of cancer not only has the range of treatments 

increased but so too have the number of women whose suitability for life 

extending treatment. For example, Herceptin, considered a major 

breakthrough in breast cancer treatment in recent years, extends life by 5 

months on average for patients with the previously untreatable Her2 type 

breast cancer at a cost of £15,834.60 per patient thereby increasing the costs 

incurred in the management of each patient over their lifetime, from 

£25,186 to £34,200 in addition to the Herceptin cost (Thomas et al., 2009a). 

Another example is anastrozole, a drug found to reduce recurrence risk 

when administered as an adjuvant treatment to patients presenting with first 
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incidence of breast cancer, the benefits of which may not be experienced 

immediately but reduces the recurrence of breast cancer relapse thereby 

lowering overall costs (Thomas et al., 2009b).  

 

Beyond drugs the development of digital mammography (DM) which has 

been gradually replacing the more traditionally used, film mammography 

(FM) due to its effectiveness in detecting smaller tumours, has also served 

to increase the number of women detected and increase the price per 

detection. A cost-effectiveness comparison between the two estimated that 

all-DM screening cost $331,000 per QALY gained compared to all-FM 

(Tosteson et al., 2008), with the use of targeted DM, there was a marked 

increase in the number of screen detected breast cancers at earlier stages and 

a decrease in the number of cancer related deaths.  

 

Associated with increases in life expectancy that comes with these advances 

are higher follow-up and monitoring costs when the patient is in remission 

and possible long-term health implications due to the treatments 

administered as well as additional health screening for cancer. In the UK 

follow-up mammograms and appointments can continue yearly for up to 10 

years (Cancer Research UK, 2014).  

 

1.2.4 Conclusion 

As highlighted in this section, screening detects breast cancer at an earlier 

stage thereby reducing treatment costs and improving prognosis. However, 

in developing an effective cancer control strategy, screening cannot be 

examined in isolation, other aspects of the care pathway must also be 

examined and how changes at one point in the care pathway impact on other 

parts clearly understood if policy changes are to avoid unintended adverse 

consequences. That is, a whole system investigation is required.  
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In summary, a number of factors have served to increase the care costs 

associated with breast cancer. These are: increases in incidence, increases in 

prevalence and the emergence and adoption of new expensive technologies 

in screening, diagnosis and treatment. As noted, as stage at detection 

increases, the prognosis deteriorates and higher care costs are incurred as 

well as having an increasing effect on wider societal implications. It is not 

sufficient to examine one aspect of a healthcare system independent of the 

other parts, as interventions at one point may have unintended and adverse 

consequences at other points. This thesis sets out to carry-out a whole 

system investigation of breast cancer care, from screening to final outcomes 

with particular emphasis on disparities related to socio-economic status.  

 

Overview of thesis objectives 

The aim of this thesis is to examine the nature and impact of socio-

economic disparities along the breast cancer care pathway. 

 

Four key objectives are pursued within this overall aim: 

(1) To quantify the magnitude of income-related inequality in uptake of 

breast cancer screening among women eligible under the national cancer 

screening programme in England and Wales and; ascertain the impact of an 

expansion of the eligible age range. This will give a deeper insight into the 

nature of the inequality in screening and the impact on this of policies aimed 

at widening access related to age.  

(2) To explore the determinants of breast cancer screening uptake in 

Britain within a dynamic context. Particular attention is given to previous 

encounters with the system when assessing the role of income. 

(3) To examine the role of private health insurance in the interval 

between diagnosis and initiation of treatment for women with breast cancer 

diagnosed in 2006 in Northern Ireland. While cancer care is provided and 
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funded publicly within Northern Ireland use of private diagnostic facilities 

may vary across socio-economic groups and serve to allow speedier access 

to treatment for those who can afford private care. This analysis serves to 

ascertain the extent of such behaviour in a publicly funded system and 

variations between those with and without access to private care so as to 

ascertain if this should be a source of concern to policy makers.  

(4) To examine changing patterns in survival among women diagnosed 

with breast cancer related to socio-economic status and ascertain what 

impact changes in screening or care have had on these. 

 

Thesis Structure 

This thesis is made up of seven chapters, the contents of each is set out 

below.  

 

Firstly, chapter one gives an overview of the main issues surrounding breast 

cancer and set out the rationale underlying these analyses.  

 

Chapter two provides a background to breast cancer so as to provide a better 

understanding of the complexities associated with breast cancer and an 

insight into the key drivers of cost of treatment. The chapter outlines what 

breast cancer is, the breast cancer care pathway, different types and risk 

factors associated with contracting the disease. A detailed discussion of the 

main drivers of costs of breast cancer care is also included and issues 

surrounding quality of life as experienced by breast cancer survivors. A 

description of the Breast Screening Programme in the UK is also provided. 

 

Chapter three examines income-related inequality in breast screening uptake 

and investigates if this is affected by expansion of the universal breast 

screening programme. The motivation behind this analysis is to identify the 
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existence of income-related inequality in the uptake of screening among 

women in the eligible age categories pre and post a policy change to expand 

the programme. Concentration Indices are used to measure income-related 

inequality in screening uptake and are compared across different groups and 

time periods.  

 

Chapter four identifies the determinants of uptake of breast cancer screening 

which are established by highlighting the factors affecting a woman’s 

decision to screen based on population level data over eighteen years from 

the British Household Panel Survey. The key objective is to investigate the 

determinants of screening uptake while taking into account the three year 

screening cycle. A dynamic random effects probit model is used to identify 

factors affecting a woman’s attendance at screening. The model 

incorporates three lags and controls for the initial condition to capture the 

effect of previous screening behaviour on current decisions to screen, 

income-related unobserved heterogeneity is also controlled for in the model.   

 

Chapter five examines influences on the interval between diagnosis and 

initiation of treatment for breast cancer. A Cox’s Proportional Hazards 

regression model is used to ascertain the role of private health care in the 

interval time between breast cancer diagnosis and initiation of treatment. A 

second model is then used to establish differences between women 

presenting publically within the six different healthcare Trusts, the breast 

screening unit and privately.  

 

Chapter six contains an evaluation of factors affecting six year survival 

among women with breast cancer over two time periods. Logistic regression 

analyses are used to establish key elements which affect survival and how 

these elements and affects change over time by drawing comparisons 

between women diagnosed with malignant breast cancer in 1996 and 2001. 
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Additional analysis is also carried out in order to further understand the 

underlying causes for changes over the time period, that is, population 

effects or coefficient effects, on survival among women with breast cancer.  

 

Chapter seven contains concluding remarks with a discussion of the main 

findings. An outline of possible areas for further research and limitations 

associated with this study are also included. 

 

Thesis Outputs 

There have been a number of outputs from the research undertaken for this 

thesis to date. They are listed here for information. These include a number 

of presentations at conferences both nationally and internationally and two 

peer-reviewed publications. 

 

1.5.1 Papers resulting from this research 

Carney, P., S. O’Neill and C. O’Neill, (2013) “Determinants of breast 

cancer screening uptake in women, evidence from the British Household 

Panel Survey.” Social Science & Medicine 82: 108-114. 

 

Carney, P., A. Gavin and C. O’Neill, (2013) “The role of private care in the 

interval between diagnosis and treatment of breast cancer in Northern 

Ireland: an analysis of Registry data.” BMJ Open 3(12): e004074. 

 

1.5.2 Presentations resulting from this research 

‘Determinants of breast screening uptake in women, evidence from Britain’, 

presented at Applied Microeconometrics and Public Policy Conference, 

Galway, Ireland, June 2012. 
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‘Determinants of uptake of breast cancer screening in women, evidence 

from the British Household Panel Survey,’ presented at European 

Conference for Health Economists, Zurich, Switzerland, July 2012. 

‘Determinants of uptake of breast screening,’ Interdepartmental Seminar 

Series, NUI Galway, March 2012. 

 

‘The role of private health care in the interval between diagnosis and 

initiation of breast cancer treatment,’ Irish Society for New Economists 

(ISNE), NUI Maynooth, September 2013 

 

“The impact of breast screening on survival over a five year period for 

women in Northern Ireland,” Irish Economics Association (IEA) annual 

conference, Limerick, May 2014 

 

“A comparison of the impact of breast screening on survival over a five year 

period for women in Northern Ireland,” annual conference of the 

International Health Economics Association (iHEA), Dublin, July 2014 

 

Summary of main thesis objectives 

To summarize, breast cancer incidence and prevalence has increased 

steadily over the past three decades; a trend that is set to continue. As 

demands on scarce health care resources increase in this and other disease 

areas it is increasingly important that issues of efficiency and equity are 

examined. Such examinations allow us to ascertain to what extent current 

patterns of service use deviate from those consistent with articulated policy 

goals. Such examinations can also shed light on the factors that underlie 

such deviations what might constitute appropriate policy responses. It is 

important that such analyses do not focus on one part of the health care 

system in isolation. This thesis examines uptake of breast cancer screening, 

the impact of screening programme expansion, the speed with which women 

http://programme.exordo.com/iea2014/delegates/presentation/76/
http://programme.exordo.com/iea2014/delegates/presentation/76/
https://ihea2014.abstractsubmit.org/presentations/12521/
https://ihea2014.abstractsubmit.org/presentations/12521/
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diagnosed commence treatment, and inter alia the role breast cancer 

screening plays in survival of breast cancer with emphasis on equity the 

extent of equity and factors that underpin this at each juncture.  
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This chapter provides background on breast cancer, including 

differentiation between the different types, drivers of cost associated with 

treatment, quality of life, and risk factors associated with contacting the 

disease so as to inform the reader on what breast cancer is so as to gain a 

better understanding of the complexity of the issues and the considerations 

taken into account in the analyses that follow. The chapter is laid out as 

follows, section 2.1 describes the different types of breast cancer and the 

implications each has on treatments and probable outcomes, section 2.2 

outlines risk factors associated with breast cancer, section 2.3 explores the 

drivers of cost of breast cancer, section 2.4 details quality of life in breast 

cancer survivors, section 2.5 explains the breast screening programme in 

the UK and section 2.6 concludes the chapter.  

 

2.1 What is breast cancer? 

This section provides the non-clinician with some knowledge of breast 

cancer in order to better understand the complexities underlying the 

diagnostic and care pathway so as to gain a deeper understanding of how 

inequalities might arise along it.   

 

Breast cancer is an abnormal growth of cells in the breast area. It can 

manifest itself in the lobules, known as lobule carcinoma, or ducts, called 

ductal carcinoma. Breast cancer can occur in both men and women however 

occurrence in men is rare and this thesis focuses solely on breast cancer in 

women. 

 

2. Background 
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Figure 2-1: Breast cancer subtypes and treatments 

 

(Source: Turner and Jones (2008b)) 

 

While in common parlance breast cancer is referred to as a single disease 

there are in fact 4 different types. Figure 2-1 above delineates the types of 

breast cancer and differences in treatment across types. There are three 

main breast cancer subtypes at the molecular level, luminal type, HER2 and 

basil-like which is also referred to as triple negative breast cancer.   

Luminal-type breast cancers express the oestrogen receptor (ER) and 

related genes. It has two sub-types that respond to treatment in different 

ways and is the most common occurring type of breast cancer. The subtype 

A respond to hormone treatment, tend to be less aggressive and don’t 

respond as well to chemotherapy treatment as the more aggressive subtype 

B cancers.  HER2 breast cancer are so-called due to the over-expression of 

the growth factor receptor HER2 with intensification of the HER2 gene are 

aggressive and have a poor prognosis, however prognosis for this type of 

breast cancer has improved since the development of the breast cancer 

treatment drug Herceptin, generic name trastuzumab and also may be 

highly chemotherapy sensitive. About half of HER2 positive cancers 

express the oestrogen receptor. Basal-like cancers, also called triple 

negative breast cancer, do not usually express the hormone receptors 
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oestrogen or progesterone, or over-express the growth factor receptor 

HER2. Triple negative breast cancers are highly proliferative and have a 

poor prognosis, although many are highly sensitive to chemotherapy 

however there is no currently specific targeted therapy for this type of 

breast cancer (Turner and Jones, 2008a). As detailed in Figure 2-1 above, 

luminal breast cancer accounts for about 60 per cent of all breast cancers, 

HER2 for approximately 25 per cent and triple negative breast cancers 

make up about 10 per cent of breast cancers diagnosed each year (ibid).  

 

In England up to 85 per cent of women diagnosed with breast cancer 

survive 5 years, see Figure 2-2. 

 

Figure 2-2: Breast cancer survival rates England and Wales 

 

(Source: Cancer Research UK (2013c)) 
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2.2 Breast Cancer Care Pathway 

Figure 2-3: NHS Breast Screening Programme Care Pathway 

(Source: J. Currie, personal communication, 12 July 2013) 

 

Figure 2-3 above outlines the care pathway for women invited for screening 

via the NHS universal breast screening programme. It clearly outlines the 

stages involved and the process followed for recall. One of the aims of this 

thesis is to examine the determinants of uptake of screening that receive the 

notification to attend screening by the NHSBSP.  
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Figure 2-4: Symptomatic Breast Cancer Care Pathway 

 

(Source: J. Currie, personal communication, 12 July 2013) 

 

Figure 2-4 describes the care pathway for women that present with 

symptoms of breast cancer to their GP. As demonstrated, the pathway is 

slightly different to that illustrated in Figure 2-3. Once the woman visits her 

GP and breast cancer is suspected, she is then referred on for further 

investigation. She chooses between an NHS public clinic and a private 

clinic for this to be carried out. The pathway then converges with that of the 

NHS BSP patient in Figure 2-3. 
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Figure 2-5: Breast Cancer Care Pathway for women aged less than 50 

and more than 70 with no symptoms
5
 

 

(Source: J. Currie, personal communication, 12 July 2013) 

 

                                                 
5
 Action Cancer is a charity organisation in Northern Ireland that offers breast cancer 

screening to individuals that are not eligible for the universal breast cancer screening 

programme as they are outside the age range. Figure 2-5 illustrates the care pathway for 

women screened by Action Cancer and who receive a questionable mammography result, 

the first three boxes relate to these women. 
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Figure 2-5 outlines the care pathway for women that self-refer for screening 

to Action Cancer in Northern Ireland. These are women that are outside the 

eligible age range for screening and do not have an elevated risk of 

contracting breast cancer nor do they have any symptoms. Women in this 

instance are invited after two years if they receive a normal result, not three, 

as is the case with the NHS BSP. Again as above, if symptoms are detected, 

the women is contacted asking her to contact Action Cancer and hospital 

referral is arranged. She may choose the public NHS clinic or alternatively 

opt to be seen privately. The care pathway follows the same pattern as 

outlined in the previous instances in Figure 2-3 and Figure 2-4.  

 

Figure 2-6 details the care pathway in breast cancer by the NHS across the 

UK. As illustrated, once the patient has been diagnosed, from one of the 

paths described above, the care pathway is the same for all breast cancer 

patients. Patients are referred from either their GP, via screening offered 

either by the BSU or Action Cancer, secondary care referral in the instance 

of an incidental finding or as a result of attending a clinic due to family 

history or a follow-up clinic as a result of a previous breast cancer episode. 

Each breast cancer diagnosis is made at the breast diagnostic triple 

assessment clinic and each case is then discussed at a multidisciplinary 

team meeting. A treatment strategy is decided upon once treatment options 

are discussed and agreed with the patient (Pittathankal and Davidson 

(2010).  Surgery is usually the first treatment. Following this each case is 

then discussed again at a multidisciplinary team meeting. Breast conserving 

therapy is generally preferred option, in over 60 per cent of cases, over 

mastectomy. This may be then followed by radiotherapy, chemotherapy, or 

endocrine therapy as appropriate (Pittathankal and Davidson (2010).   
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Figure 2-6: Breast cancer care pathway 

 

 (Source: Pittathankal and Davidson (2010)) 

 

 

2.3 Risk factors associated with breast cancer 

Given the potential for an uneven distribution of breast cancer risk across 

socio-economic groups it is important to gain an understanding of the 

possible causes for this unequal distribution and how it may be manifested.  

 

As with many aspects of breast cancer the rhetoric surrounding breast 

cancer risk can be somewhat divided, there are many contradictions and 

agreement on any issue is indeed a rarity.  

 

Considered to be two of the biggest risk factors for contraction of breast 

cancer is generally agreed to be gender and age. Females have a 
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significantly higher chance of contracting the disease than males, and as a 

woman’s age increases this also increases the likelihood of contracting 

breast cancer. The cumulative breast cancer risk for women aged 0-75 is 

estimated to be 9.2 per cent. This increases to 12.5 per cent for women aged 

0-85, indicating that older women have higher risk (Sasieni et al., 2011). 

 

The WHO link about thirty percent of all cancer deaths to high body mass 

index, low fruit and vegetable intake, lack of physical activity, tobacco and 

alcohol use once stage and access to treatment are controlled for (World 

Health Organisation, 2014). Many of these health behaviours can be linked 

to socio-economic status (SES). There are a number of factors thought to 

have an impact on the probability of contracting breast cancer, both 

reproductive and non-reproductive, that is, factors that are due to hormonal 

changes over the course of the woman’s lifetime because of changes to 

reproductive factors, the first of which discussed here are reproductive 

factors.  

 

2.3.1 Reproductive Factors 

A positive linear relationship was found to exist between risk and age at 

which the women bore her first child (MacMahon, 2006, Collaborative 

Group on Hormonal Factors in Breast Cancer, 2002, Ewertz et al., 1990, 

Huiyan et al., 2006, Ma et al., 2006). This would indicate that women from 

higher socio-economic groups would have a higher risk given the tendency 

to complete their formal education first and to hold off having children. 

However, evidence suggests that a negative relationship exists between 

breast cancer risk and age at first menstrual cycle (McCredie et al., 1998, 

Garcia-Closas et al., 2006, Ma et al., 2006), which is found to be related to 

SES with higher SES acting as a protective factor (Braithwaite et al., 2009).  
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Breastfeeding was found not to have a significant impact on risk factors 

associated with the disease as estimated by McCredie et al. (1998), but Ma 

et al. (2006) found breastfeeding decreased the relative risk of all breast 

cancers, oestrogen and progesterone receptive - both positive and negative.  

 

Having at least one full term pregnancy reduces the risk of breast cancer by 

approximately 27 per cent and increased parity also reduces risk (McCredie 

et al., 1998, Garcia-Closas et al., 2006, Ma et al., 2006, Ewertz et al., 1990). 

 

Younger age at menopause was found to be a protective factor for risk of 

breast cancer with women that experience natural menopause at age 55 or 

older twice as likely to be diagnosed with the disease as women 

experiencing menopause at age 45 or younger (Trichopoulos et al., 1972).  

 

Regarding breast cancer risk and abortion – induced or spontaneous – the 

literature investigating the relationship is again divided. Many studies find 

no causal link between the two (Robertson et al., 2001, Fioretti et al., 1999, 

Tavani et al., 1999, Tavani et al., 1996, Paoletti and Clavel‐Chapelon, 2003, 

Lash and Fink, 2004, Henderson et al., 2008, Becher et al., 2003, Marcus et 

al., 1999, Braüner et al., 2013, McCredie et al., 1998). However a recent 

meta-analysis carried out in China found a link between breast cancer risk 

and induced abortion among Chinese women with risk increasing as the 

number of induced abortions increases (Huang et al., 2014).  

 

It must be noted that part of the confusion regarding risk factors may be due 

to the need to better identify the particular type of breast cancer when 

considering its role in the contracting  breast cancer. 
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2.3.2 Non-reproductive Factors 

There is evidence to suggest that smoking reduces the risk of breast cancer 

as smoking has a reducing effect on the amount of oestrogen in the body 

(MacMahon et al., 1982, Brunet et al., 1998), another study examining a 

population of women with BRCA1 or BRCA2 gene mutations found 

significantly less incidence of breast cancer in women that were smokers 

than in non-smokers for women that had mutations, other studies argue no 

effect (Baron et al., 1996, Brinton et al., 1986), whereas more still argue 

that an increasing risk of breast cancer exists with prolonged smoking 

(Bennicke et al., 1995, Ambrosone et al., 1996). Luo et al. (2011a) carried 

out a comprehensive study of the effects of passive and active smoking on 

breast cancer risk among women in the US and found breast cancer risk to 

be elevated by 9 per cent in former smokers compared to women that had 

never smoked and by a further 7 percentage points for current smokers. 

Breast cancer risk was also seen to increase as smoking intensity and 

duration increased, and for women that took up smoking in their teenage 

years. Cancer risk was highest in women who had smoked for 50 years or 

more compared to lifetime non-smokers with no exposure to passive 

smoking, with an increased risk persisting for up to 20 years following 

smoking cessation. Breast cancer risk among some groups of women 

exposed to passive smoking was also found to be elevated. Women with 

extensive passive smoking
6
 exposure had an increased risk of 32% 

compared to women with no exposure that have never smoked. Women 

with lower levels of exposure were found to have no significantly increased 

risk of breast cancer. Smoking status and exposure would also be linked to 

SES as would alcohol consumption.  

 

                                                 
6
 Defined as women with 10 or more years exposure in childhood, 20 or more years 

exposure as an adult at home and 10 or more years exposure as an adult at work. 



 

 

26 

 

Alcohol consumption, even moderate levels, is also highlighted as a risk 

factor for breast cancer (Willett et al., 1987, Tjønneland et al., 2007). 

However, it is argued that the effect is small and as a result is only detected 

in large scale well conducted studies (Boyle, 2013). Alcohol consumption is 

estimated to be responsible for 7.7 per cent of breast cancers in Europe  

(Boyle and Boffetta, 2009). In the UK in 2010 Parkin et al. (2011) 

examined the cancer risk associated with lifestyle and environmental factors 

and concluded that consumption of alcoholic drinks may be responsible for 

22 per cent of breast cancer incidences in the UK, lack of physical activity 

12 per cent, body fatness 16 per cent, all of which can be linked to SES. 

 

Excess fat or weight has been found to increase breast cancer risks. One 

study carried out on women in Poland found high BMI in pre-menopausal 

women to be a protective factor, however high BMI in post-menopausal 

women was concluded to have the opposite effect (Garcia-Closas et al., 

2006). A study carried out in the US on registered nurses found that waist 

circumference was significantly related to postmenopausal breast cancer 

risk after other factors associated with increased breast cancer risk were 

controlled for (Huang et al., 1999). The affects were higher when the 

sample was restricted to women that had never received HRT. This 

increased probability of breast cancer risk associated with excess weight is 

the result of an associated increase in oestrogens (Endogenous Hormones 

Breast Cancer Collaborative Group, 2003). 

 

Separately, dietary fat intake is thought to also have an impact on breast 

cancer risk. A study by Blinder et al. (2013) concluded that dietary fat 

intake has a direct impact on the risk of postmenopausal invasive breast 

cancer. Ferlay et al. (2010) also found a causal link between dietary fat 

intake and breast cancer.  

 



 

 

27 

 

Many studies investigating breast cancer risks have highlighted lack of 

physical exercise as a potential influence on breast cancer incidence 

(McTiernan et al., 2003, Friedenreich and Cust, 2008, Lahmann et al., 

2007). One such study conducted in the UK based on 2010 data estimated 

that 3.4 per cent of breast cancers are attributable to undertaking physical 

activity below the recommended levels (Parkin, 2011).  Kobayashi et al. 

(2014) found that lifetime light intensity physical activity had no impact on 

breast cancer risk. 

 

Early life experiences have also been cited as having an impact on risk of 

developing breast cancer. Factors such as birth weight (Michels et al., 

1996), body size and childhood growth which may be attributable to levels 

of intra-uterine oestrogen exposure (Stoll et al., 1994, Ahlgren et al., 2004, 

Ekbom et al., 1997) are thought to increase breast cancer risk in later life.  

 

Other factors not related to SES may also have a causal relationship to 

breast cancer. For example, the idea that light exposure has a positive 

relationship with breast cancer incidence was first put forward by Kerenyi 

et al. (1990) who hypothesised that light exposure reduced melatonin 

production in the pineal gland thereby reducing the oncostatic effects of the 

pineal gland, increasing risk of breast cancer. This possibility of increased 

breast cancer risk with light exposure was again highlighted as a possibility 

by Hansen (2001) who found that women that work on night shift for a  

period of six months or more have an elevated breast cancer risk and 

speculated that one reason may be increased exposure to artificial light. 

Stevens (2005) details the relationship between melatonin production, 

circadian disruption and the link to breast cancer via its oncostatic 

properties. Also, breast density has also been established as a risk factor for 

breast cancer (Byrne et al., 1995, McCormack and dos Santos Silva, 2006, 

Tamimi et al., 2007) or women that had previously undergone surgery for 

benign breast disease (Page et al., 2003, Hartmann et al., 2005). Women 
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previously treated for malignant breast cancer are also identified as being 

more likely to have a second primary breast cancer (Volk and Pompe-Kirn, 

1997, Soerjomataram et al., 2005, Robinson et al., 2008). 

 

2.3.3 Endogenous Hormones 

Endogenous hormones are acknowledged as increasing the risk of 

contracting breast cancer. Typically post-menopausal women with higher 

levels of oestrogen or testosterone are considered to be at higher risk of 

breast cancer (Key et al., 2002). It is also suggested that hyperinsulinemia is 

a risk factor for breast cancer which may help explain some of the causal 

relationship between obesity and increased breast cancer risk as the obesity 

risk was eradicated when insulin levels were controlled for in the study 

(Gunter et al., 2009). 

 

2.3.4 Exogenous Hormones 

Recent or current use of Hormone replacement therapy (HRT) is known to 

increase the probability of contracting the disease (Beral, 2003), albeit it is 

argued women in receipt of HRT that contract breast cancer have a less 

severe form (Stahlberg et al., 2004, Garcia-Closas et al., 2006).  

 

Long-term consumption of the contraceptive pill are also thought to elevate 

risk of breast cancer (Burkman et al., 2004), however different oral 

contraceptive formulations may carry different levels of risk with some 

having no increased risk association and one specific formulation 

substantially increasing risk (Hunter et al., 2010). 

Given the increased breast cancer risk associated with elevated exposure to 

oestrogen it is worth noting that, although evidence on the human effect is 

sparse, the link between increased levels of hormones in the environment, 
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such as oestrogen, and the occurrence of defects observed in wildlife is 

gaining some attention within the literature. By extension the occurrence of 

raised oestrogen levels in the environment may have a causal link to breast 

cancer incidence rates. For example, Shore et al. (1993) and Gabet-Giraud 

et al. (2014) highlighted some of the possible levels and sources of 

oestrogen and testosterone from both human and animal sources emitted 

into the environment. Studies have linked hormone pollution in waterways 

and soil content to adverse effects on environmental factors and negatively 

impacting fish and other wildlife (Lange et al., 2002, Arcand‐Hoy and 

Benson, 1998). These factors may also elevate risk of health problems 

(breast cancer) in humans where water, fish and meat, for example, are 

coming from environments with elevated hormone levels.  

 

2.3.5 Conclusion 

A number of factors have been highlighted in this section as being linked to 

elevating the risk of breast cancer, many of which are linked to SES. There 

is a broad consensus that lifestyle factors play a role in the probability of 

contacting breast cancer, such as, alcohol consumption, smoking and levels 

of physical activity, amount of body fat and diet play a role, factors which 

are also likely to be highly correlated with SES. For example, smoking is 

more likely to be concentrated among women from lower socio-economic 

groups whereas delayed child birth is more evident among women in higher 

socio-economic status. This indicated that risk is not distributed evenly 

across socio-economic groups and different groups may be at risk of 

contracting different types of breast cancer depending on their risky 

behaviour. It is therefore important that women from all socio-economic 

groups are screened and that screening attendance is not concentrated 

among one element of the population such as women with higher SES for 

example.  
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2.4 Drivers of cost of treating breast cancer 

Within the literature there are a number of factors which are highlighted as 

having an impact on treatment expenditures associated with breast cancer. 

This section summarizes studies identifying the key drivers of cost of breast 

cancer treatment under key headings in order to gain a better understanding 

of the factors impacting cost of treatment, both from the perspective of 

cancer types and groups of patients. They are discussed in detail below 

under the relevant headings.  

 

2.4.1 Search Methods 

The search for the literature in this section was carried out in a systematic 

way using Pubmed, Embase and Scopus databases. The objective of the 

search was to establish the drivers of costs associated with breast cancer 

including, direct, indirect and personal costs to the patient by analysing 

evidence of expenditure across a range of studies. Terms searched were 

'breast cancer' OR ‘breast neoplasm’ OR ‘inflammatory breast neoplasm’ 

OR ‘breast carcinoma’, AND ‘cost’ OR ‘cost analysis’, OR ‘economic cost 

analysis’ AND 'treatment' AND 'expenditure'. Results were filtered to 

include only papers that examined the cost of breast cancer treatment or 

costs incurred directly as a result of breast cancer treatment. Papers that 

looked at overall costs associated with treatment, either direct, indirect or 

both were examined. Papers that contained costing directly from a costing 

database were included, thereby excluding systematic literature reviews and 

meta analyses. Articles published in peer-reviewed journals before January 

1995 and after December 2012 were excluded. 

 

A total of 4,280 articles were identified by the search, of which 774 were 

duplicates and were excluded. Of the remaining 3,506, based on a review of 

the title 2,945 were excluded as they were not relevant to breast cancer 

treatment and a further 515 were excluded, based on a review of the 
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abstract, as they were cost utility or cost effectiveness studies comparing 

either particular breast cancer drugs or therapies but did not examine overall 

costs. Finally a total of 46 articles were identified as relevant, all of which 

are presented and discussed in the following section.  

 

2.4.2 Direct costs of treating breast cancer 

Studies investigating the direct cost of treating breast cancer generally 

consist of costs associated with medical and pharmaceutical services 

received by the patients, to include inpatient services, outpatient care and 

outpatient pharmacotherapy. 

 

Studies show that costs of treatment increase with stage progression, so if 

particular groups are less likely to screen they may present later and incur 

higher treatment costs than women more likely to screen and therefore be 

diagnosed earlier. Subramanian et al. (2011) investigated the incremental 

costs of treating breast cancer in the United States, not including cost of 

terminal care, in women diagnosed between 2002 and 2004 registered with 

Medicaid. Individuals that died during the time-period were excluded from 

the study in order to ensure that end-of-life care costs were not captured 

which can be significant and thereby influence results.  

 

Table 2-1: Cost of breast cancer treatment by stage and time from 

diagnosis 

 6 months 12 months 24 months 

In-Situ $7,744 $7,077 $5,913 

Localised $14,341 $19,209 $22,343 

Distant $24,002 $38,230 $41,005 

Metastatic $34,469 $63,253 $117,033 

(Source: Subramanian et al. (2011)) 
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Table 2-1 above details the incremental costs associated with different 

stages of breast cancer at 6, 12 and 24 months following diagnosis in order 

to gain an understanding of the cumulative healthcare costs incurred since 

diagnosis. As illustrated in the table, estimated costs of treatment increase 

dramatically with stage as do cumulative costs from time of diagnosis, 

possibly due to the effects of the severity of treatments administered and the 

increased demand for medical care as a result. Metastatic or Stage IV breast 

cancer is associated with costs several orders of magnitude greater than 

those of in situ cancer at 24 months following diagnosis. Whilst end-of-life 

expenditures were excluded from the study, given the poor prognosis for 

survival for women with metastatic breast cancer, these women may not 

live much past the 24 month cut-off point for the study therefore some end-

of-life care may be captured and therefore explain some of the increased 

costs for patients in this cohort.  

 

Vera-Llonch et al. (2011a) utilised data from a selected sample, a large 

private medical health insurance claims database, to compile costs incurred 

in the treatment of breast cancer from 2000 to 2006 using payments made 

by the firm for medical treatments of its clients in the United States, to 

compile a longitudinal profile of all medical and pharmaceutical services 

received by the patients including inpatient services, outpatient care and 

outpatient pharmacotherapy. All women receiving chemotherapy treatment 

for metastatic breast cancer aged 18 and older (mean age 59.1, two thirds of 

the sample were aged 55 or older) and average follow-up was 532 days (SD 

495), who did not receive hormonal therapy or trastuzumab at any time 

were included in the study ensuring that only those suffering from 

hormone-negative metastatic breast cancer were included. Cumulative costs 

for treatment averaged $128,556 per person. Outpatient services accounted 

for 29 per cent, highest among the outpatient costs were diagnostic 

radiology, 19 per cent, and radiation therapy, 13 per cent.  Medication other 

than chemotherapy accounted for 26 per cent of total costs, chemotherapy 
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25 per cent and inpatient care 20 per cent. Non hormonal breast cancers are 

typically more difficult to treat and require more aggressive treatment 

which may account for the higher costs and end-of-life care costs, which 

tend to drive up the overall costs, are also included in the study.  

 

Lage et al. (2010a), estimated the costs of treating post-menopausal women 

with hormone-positive metastatic breast cancer in the US, to include 

medical, inpatient and pharmacy claims over six years. The study included 

women aged 55-63 (mean age 59). Average annual costs were estimated at 

$69,210 in the pre-chemotherapy treatment window. Outpatient costs were 

the largest component of these costs accounting for 68.97 per cent. It was 

found that most costs were incurred within six months following diagnosis, 

with outpatient costs accounting for 73.82 per cent of total costs, inpatient 

costs 17.59 per cent and prescription drugs 8.18 per cent. Women included 

in this study were administered chemotherapy and as such it can be 

ascertained that the sample consisted of women with hormonal subtype B 

breast cancer (see Figure 2-1). 

 

Brown, Riley, et al, (2002) investigated the cost of treating breast cancer 

based on SEER Medicaid data with payments falling under two headings, 

inpatient or outpatient. Inpatient covers inpatient hospital, skilled nursing 

facility, hospice care and home health services following a hospital stay. 

Outpatient cover funds physician services (not routine), outpatient services, 

diagnostic tests, emergency room visits, durable medical equipment, 

laboratory services, home health care not following a hospital stay and 

other medical services and supplies. The total breast cancer related long-

term treatment costs were $77,106 for those who underwent breast 

conserving surgery plus radiation therapy (BCSRT) and $75,897 for those 

who had a modified radical mastectomy (MRM) with most cost attributable 

to the outpatient category. It is estimated that approximately $2.5 billion is 

spent combating breast cancer each year in the US.  
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Given that the overall incidence rates for breast cancer are increasing and 

treatments improving it is very difficult to estimate using historic data the 

lifetime costs of breast cancer. To combat this information short-fall 

Cocquyt, Moeremans, et al. (2003) used published clinical trial data to 

predict the life span of breast cancer patients, albeit looking at it in a 

slightly different way to other costing studies as they differentiated between 

breast cancers that were lymph node positive and negative where other 

studies have not. The average cost of treatment at the different cancer stages 

were estimated to be €6,893 for primary node negative
7
 (Prim N-), €13,684 

for primary node positive (Prim N+), €12,834 for relapse and €16,551 for 

metastatic breast cancer, 1998 prices. By applying it to a Markov model a 

total 10 year cumulative cost of €31,774 was estimated using a discount 

rate of 3 per cent. Via a Monte-Carlo simulation for 1,000 patients 

diagnosed with breast cancer a confidence interval of €30,536-€33,012 was 

calculated.  

 

In a study conducted in the US by Yabroff, Lamont, et al. (2008) to 

establish cancer costs associated with caring for the elderly, within a sample 

of the Medicare population aged over 65, the estimated cost of initial cancer 

care was $11,728, the average estimate of care cost for the continuing phase 

was $1,201 and $29,199  was the average cost of treatment in the last year 

of life.  It is estimated that 74.2 per cent of breast cancer patients are alive 

five years after diagnosis, with aggregated costs estimated to be 

approximately $1,375. Comparing these costs to other studies highlighted 

in this section they appear to be quite low in comparison. This could be 

related to the fact that physicians do not tend to recommend what might be 

considered harsher treatments for more elderly patients due to the high 

toxicity and lack of tolerance to cope with such drugs being administered, 

even though this argument is contended within the literature.  Begg et al 

                                                 
7
 Nodes here refer to lymph nodes and positive means that the cancer is present in the 

lymph nodes.  
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(2012) argues the elderly breast cancer patient is in fact able to withstand 

more aggressive treatment. This requires some more investigation however 

as Begg’s findings are not consistent with those from other studies.  As 

breast cancer is an older person’s disease and increases in screening rates 

result in earlier detection Witherby and Muss (2006) conducted a review, 

both of clinical trials and the literature, of treatments for breast cancer and 

their affects. It was concluded in the review that healthy older women 

should be offered ‘currently available and effective surgical, radiological 

and systemic treatment options’. Age alone should not dictate treatment 

pathways. Despite this argument the evidence consistently highlights a 

trend towards more expensive drugs being administered to younger women 

with the disease (Will et al., 2000a). 

 

The findings discussed in this section highlight the relationship between 

stage at diagnosis and treatment expenditure. Both the type of breast cancer 

and end-of-life care can alter the expenditures associated with treatment. 

Age at diagnosis affects treatment expenditure in a number of ways. For 

example, younger pre-menopausal women are more likely to get non-

hormonal breast cancer which incurs higher costs due to the difficulty to 

treat and the loss of life associated with this type of breast cancer. The cost 

of death occurring has a significant impact on cost of care which is likely to 

increase costs for this cohort of women dying with breast cancer, this brings 

into question the difference between dying with breast cancer as opposed to 

from breast cancer as there is likely to be an increased cost associated with 

end-of-life care, regardless of age or cause of death, perhaps this needs to 

be taken into account when analysing costs, as end-of-life costs will be 

incurred at some point regardless of whether the cause of death is breast 

cancer or not. Older women are more likely to die with breast cancer but 

how this is accounted for in these studies is unclear.  Most of this studies 

discussed here are US based and mainly focus on the Surveillance, 

Epidemiology and End Results (SEER) programme of cancer registries or 
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the Medical Expenditure Panel Survey (MEPS), SEER collects clinical, 

demographic and cause of death information and Medicaid claims 

associated with health claims. MEPS on the other hand surveys families, 

individuals, their medical providers in order to capture a complete source of 

data on cost, use of healthcare and health insurance coverage, which would 

give a more representative picture across all SEGs. SEER is more likely to 

capture women with breast cancer in lower socio-economic groups which 

may impact on costs associated with breast cancer treatment for these 

women, given treatment restrictions or clauses included in health insurance 

contracts, women in these categories may also be less inclined to attend 

regular screening and as a result incur higher treatment costs via presenting 

at later stages. Most of the above studies are US based and use stage as the 

main interest. Stage might be a key driver of cost, but this level of cost may 

be dependent upon socio-economic group and age as highlighted by 

Yabroff et al. (2008). SES may also play a role in stage in relation to stage 

at diagnosis and access to treatment. For example if a woman is diagnosed 

with stage I or stage II breast cancer but cannot gain access to treatment in a  

timely manner, her health state may significantly deteriorate which would 

have an implication on costs. This may be especially true in the case of the 

US whereby private health insurance plays such an important role in 

healthcare provision.  

 

2.4.3 Costs of initial breast cancer treatment 

As mentioned, the costs incurred in the initial stages of treatment can be 

significant. Warren et al. (2008) carried out an analysis into the cost of 

initial cancer treatment, defined as treatment received in the two months 

preceding diagnosis and all treatment received in the year following 

diagnosis. The study included all patients diagnosed with breast cancer 

between 1991 and 2002 aged 65 or older enrolled in Medicare in the US. 

Medicare cost values are measured using reimbursement formulas intended 

to replicate the average resource utilisation for a particular health service. 
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From the period 1991 to 2002 the mean payment for an individual with 

breast cancer rose from $4189 in 1991 to $20,929 in 2002. For each of the 

years included in the analysis, the average number undergoing surgery for 

breast cancer was consistently greater than 87 per cent while the number 

receiving chemotherapy increased from 11 per cent in 1991 to 24 per cent 

in 2002, giving an indication of the types of breast cancer that were being 

diagnosed. By 2002, the cost of chemotherapy had increased by 92.7 per 

cent on 1991 prices. The number being administered radiotherapy treatment 

in 2002 was 51 per cent having almost doubled from 1991 levels when 26 

per cent of breast cancer sufferers underwent radiotherapy treatment. The 

mean increase in costs of radiotherapy for the period per person who 

received was $2244. Total costs associated with treatment of breast cancer 

mainly consisted of costs relating to chemotherapy, radiotherapy and 

hospital care, the three combined accounted for 69 per cent of total costs for 

breast cancer treatment. Penberthy et al. (1999), examining the same age 

group in the US, found that co-morbidity also increased treatment costs, 

with costs increasing from $11,260 for a  women with no co-morbidities, to 

$21,336 for a breast cancer patient with two or more co-morbidities. In 

contrast, a separate study considering the cost of breast cancer care by age, 

stage and co-morbidity, found that for breast cancer the costs of initial care 

increased with stage at diagnosis, decreased with age, but co-morbidity did 

not have an effect on the costs of initial care (Taplin et al., 1995). For 

continuing care, costs increased marginally with age, increased with stage 

and co-morbidity. The investigation also found that in the care of terminal 

patients with breast cancer, costs decreased with increasing age of patient. 

At the terminal stage, costs per stage and co-morbidity were similar as that 

for stage at diagnosis. It was observed, younger patients with terminal 

cancer under age 50, had more than double the number of hospital days that 

that of a similar patient over age 80, again possibly reflecting the 

administration of more aggressive treatment to the younger cohort (ibid).  
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2.4.4 Cost of treating different stages of breast cancer 

2.4.4.1 Stage IV Metastatic Breast Cancer 

A number of studies have investigated treatment costs incurred by stage IV 

breast cancer. In an investigation conducted in the UK in 2000 of patients 

presenting with stage IV breast cancer, using the incidence approach, it was 

estimated that the lifetime treatment costs were £12,502 per breast cancer 

patient, using the incidence based approach to costing (Remak and Brazil, 

2004). They estimated the cost of treating everyone presenting with stage 

IV breast cancer for one year in England to be £22 million and the median 

survival time for patients to be 18 months from time of first diagnosis. In 

the US, Rao et al. (2004) studied the costs associated with treating stage IV 

metastatic breast cancer in patients enrolled in Medicare between 1997 and 

1999 over the age of 65, capturing a wider basket of costs than the Remak 

and Brazil (2004) study. Costs were estimated from first diagnosis to last 

follow-up, excluding costs incurred in the two months before death 

occurred. Average expenses for a patient suffering from metastatic breast 

cancer by Medicare was $33,000, (2002 prices) to include costs consumed 

by inpatient hospital visits, skilled nursing facilities, physician/professional 

services, outpatient hospital clinic, diagnostic testing, home health, hospice 

care payments, payments for drugs, durable medical equipment, that is 

medical equipment supplied in the home to aid in a better quality of living, 

transport and supplies covered by the Medicare programme.  

 

Wai et al. (2001a) estimated the costs of treating stage IV metastatic breast 

cancer from time of diagnosis till death in Canada. Included in the study 

were women who died from breast cancer between 1 July 1995 and 31 

December 1996. All costs incurred from first diagnosis of inoperable, 

locally or regionally recurrent or systemic metastatic breast cancer were 

compiled. The mean costs attributable to each individual breast cancer 

patient, was $36,474.33. The sample was divided into three groups, those 
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aged 40-49, 50-69 and 70-79. Mean costs were then calculated for 

individuals within each age category. The group aged 40-49 incurred the 

average highest cost at $37,462. The age cohort 50-69 incurred the lowest 

cost on average $35,169 and finally the 70-79 age group average cost was 

$36,792.  

 

The difference in the costs for each age category may be attributable to the 

differing types of breast cancer contracted by the groups and the different 

stage in the lifecycle. For example pre-menopausal women generally tend 

to get more aggressive and more difficult to treat types of breast cancer 

(Chung et al., 1996). End of life care tends to be more expensive which 

may partially be driving the higher costs incurred per person in the oldest 

age category. Berkowitz et al. (2000) estimated the life time direct costs of 

treating stage IV metastatic breast cancer in the US in 1994. Progression to 

metastatic disease estimates were based on evidence from Canadian 

provincial cancer registry data, cost of care were derived from patients’ 

claims histories, breast cancer survival rates were from SEER, maintained 

by the National Cancer Institute in the US, and national mortality rates were 

taken from the US Census Bureau. A Markov model was used to simulate 

disease progression to stage IV, it was concluded that the lifetime 

probability of death caused by breast cancer is related to both age and stage 

at diagnosis with 43.7 per cent eventually progressing to stage IV, the stage 

incurring the highest treatment costs as evidenced from the studies 

discussed in this section. Age and stage at diagnosis are both relevant to 

costs given that cost of treatment increase with stage and prognosis change 

across different age groups.  Total cost of treating metastatic breast cancer 

was estimated to be $59,489, implying costs of $4.2 billion for the full 

annual diagnostic cohort. Estimates based on SEER data may be more 

representative of the costs associated with breast cancer across a wider a 

base. 
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2.4.4.2 In Situ and Stage I Breast Cancer 

An evaluation of the costs associated with treating stage I breast cancer in 

elderly women in the US by Warren et al. (2002a) found the most expense 

was incurred during the final six months of the patients life costing on 

average $2,561 per month of care, totalling $15,257 for the care phase. The 

highest per month costs were incurred by the 65-69 age group, for all 

phases of care, and the lowest by the 85 and older group in both the initial 

and end of life phases of care. Difference in cost of treatment between the 

age groups was statistically significant controlling for differences in 

treatment. These estimates are based on Medicare claims for breast cancer 

patients from 1990-1998. For the initial and continuing phases of care it is 

estimated that treatment of stage II breast cancer incurs a higher cost than 

treatment for stage I breast cancer, estimated at $730.5 and $874.5 

respectively.  

 

In a Canadian study to differentiate between costs of in hospital versus 

outpatient treatment options it was approximated that the cost of treating 

stage I or II breast cancer using ambulatory care for breast conserving 

surgery totalled $6,050 for initial treatment, including cost of radiotherapy 

and adjuvant treatments, and $3,424 (price year 1995) for a two day in-

hospital stay if mastectomy was the surgery method of choice (Evans et al., 

2000b).  

 

2.4.4.3 Comparison across all breast cancer stages 

In New Mexico an investigation into the cost of treating breast cancer 

among Hispanic and non-Hispanic females it was found that the cost of 

treating women under 50 diagnosed with distant or regional disease was 

much costlier to treat ($17,093) than women of the same age cohort but 

with breast cancer ‘in situ’ ($5,089) (Tollestrup et al., 2001). Cost 

associated with treatment of ‘in situ’ breast cancer was consistently lower 



 

 

41 

 

throughout all age groups, $5,089 among the 50-69 age group and  $2,973  

in the over 70’s, than those of regional breast cancer treatment. Costs of 

treatment for regional or distant disease were estimated to be $12,721 in the 

50-69 group and $6,804 in the over 70 group (1994 prices). A higher 

proportion of Hispanic women were diagnosed with later stage breast 

cancer although the difference was not statistically significant and in the 12 

months following diagnosis once age, stage, prior healthcare costs and 

duration of enrolment were controlled for there were no significant 

differences in mean healthcare costs for either group of women.  

In a Canadian based study to establish the lifetime costs of treating breast 

cancer across all age groups and stages it was found that costs ranged from 

$23,275 for stage I to $36,340 for treatment of the metastatic form of the 

disease, based on 1995 prices (Will et al., 2000b). It was concluded that the 

cost of treating breast cancer at stage I for women aged under 50 to be 

$8319 and $8214 for the over 50 age group. Stage II treatment was $10,386 

under 50 and $8701 for the over 50. Stage III treatment costs were $10,985 

for under 50 and $8475 for person’s over 50 years old. Finally stage IV 

breast cancer for the under fifty’s cost on average $10,669 to treat and 

$9,200 for the over fifty’s.  

 

In 1999 Will et al. also explored the costs of treating breast cancer in 

Canada, with an emphasis on non-metastatic breast cancer patients based on 

incidence rates from 1995. Within the sample, 46 per cent present were 

treated for stage I breast cancer and 41 per cent with stage II breast cancer. 

Costs include diagnostic costs, staging, surgery, hospitalisation costs, 

radiotherapy and adjuvant therapy costs as well as cost of chemotherapy 

and hormone therapy. As in the other study by Will et al (2000) costs were 

estimated for the under and over fifty age groups. The average cost of 

breast cancer treatment for those aged less than fifty was $9,259 and within 

the greater than fifty group, $8,033. The slightly higher cost of treating 
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older women is attributed to the fact that younger women select breast 

conserving therapy rather than the less expensive mastectomy option. 

 

Riley, Potosky, et al. (1995) estimated the cost of treating elderly breast 

cancer patients by stage. Almost two-thirds of breast cancer related deaths 

occur in those aged 65 or older. SEER registry data was obtained for breast 

cancer patients diagnosed between 1973 and 1989 then links these to claims 

data from 1984 to 1990. SEER databases cover about ten per cent of the US 

population but this is considered representative of the overall US 

population. The initial phase was considered to be the month preceding 

diagnosis and the six months after diagnosis, the final phase the last six 

months of life and the pre-final phase the twelve months previous to the 

final phase. Expenditures within the initial phase of care were estimated to 

be $8,913 and decreased with age, a trend which was also observed in the 

final and pre-final phases of care with costs decreasing by as much as 49 

per cent for the final and pre-final  phases. $3,138 was the outlay for 

continuing care. Average costs of treatment throughout all phases of care 

increased with stage ranging from $7,027 for in situ breast cancer to 

$12.062 for distant stage cancer. Pre-final care averaged at $7,633 and final 

phase of care cost $11,129. The highest proportion of costs was attributable 

to inpatient hospital stays. The highest level of payments from diagnosis to 

death was for patients diagnosed with in situ breast cancer. This group also 

had the youngest average age at diagnosis.  

 

An Australian study carried out by (Butler et al., 1995), examined costs 

associated with the treatment of different stages of breast cancer and the 

implications of these for breast cancer screening. Individuals included in 

the study sample were all women for whom breast cancer was listed as the 

primary, other or underlying condition between February, 1983 and April, 

1989. The average age of individuals included in the study was 60.25 years. 

Almost fifty per cent of those included in the sample presented with stage II 
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breast cancer and twenty per cent presented with stage I disease. There were 

few in situ cases, referred to as stage 0 in the paper, presented prior to 

mammography screening. Costs varied by stage, increasing significantly as 

the disease progresses through stage IV. Stage 0 incurred estimated costs of 

$3,856, stage I, $4,330, stage II, $9,211, stage III, $12,210 and finally stage 

IV, $14,408.  

 

2.4.5 Cost of Recurrence 

A clear link is established between cost of treating breast cancer and site of 

recurrence. Treatment costs increase as the distance from the original site 

increase. Contra-lateral breast cancer is generally the least costly type of 

recurrence to treat, followed by loco-regional and distant recurrences 

(Lamerato et al., 2006, Thomas et al., 2009b, Karnon et al., 2007a).  The 

rate of recurrence at eight years was 19.7 per cent. Average life expectancy 

for women with distant breast cancer relapse varied according to stage with 

median survival times 42.5, 18.5, 18.8 and 14.7 for stages I-IV respectively 

(Dahlberg et al., 2009). The total mean cost of treatment in the study was 

€93,700, with drug costs and hospitalisations accounting for the largest 

proportions of cost. Total mean cost of treating patients with triple negative 

breast cancer was €70,600, treatment of patients with oestrogen positive 

breast cancer incurred an incremental cost of €94,600, while HER-2 

positive had a cost of €123,300 per patient (2006 prices). Mean survival 

was 17 months for triple negative breast cancer from diagnosis, 32 months 

for oestrogen positive from diagnosis and 19.4 months from diagnosis for 

HER-2 positive breast cancer patients. The study excluded patients in the 

end stages of other fatal diseases which were mostly older members of the 

cohort thereby decreasing the average age and increasing the average 

incremental costs of treatment as these patients are less likely to receive 

extensive breast cancer treatments which tend to be more expensive (ibid).  
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Stokes et al. (2008) found a correlation between treatment costs and stage 

of recurrence. A link was also found to exist between cost and type of 

breast cancer recurrence. The cost of treating an individual with local or 

contralateral recurrence which was oestrogen receptor positive was greater 

than cost of treating other types of tumour recurrence. However, the 

opposite was found for patients with distant recurrence, finding that women 

with oestrogen receptor positive recurrence incurred higher costs. 

 

2.4.6 Both Direct and Indirect Costs 

In addition to treatment costs other costs such as loss of productivity can be 

substantial. Max et al. (2009) investigated the economic burden associated 

with breast cancer in California to include both healthcare costs and values 

from loss of productivity. Healthcare costs included were direct 

hospitalisation costs, outpatient hospital, office-based provider, prescription 

medications cost and nursing home care, the total sum of which were 

estimated to be $279 million. Indirect costs included potential years of life 

lost to breast cancer as measured using the forgone life-long expected 

earnings at age of death for the woman. This cost the state $1.15 billion in 

the value of lost productivity and 100,000 years of life lost. This gives a 

total cost of $1.43 billion for 2001. 

 

Individual level indirect costs of breast cancer can often far outweigh direct 

costs associated with treatment, see Table 2-2 for example. A number of 

studies examine both direct and indirect costs of breast cancer and 

consistently find the indirect costs, such as costs of early retirement or sick 

leave, to far outweigh the direct costs (Lidgren et al., 2007b, Lidgren et al., 

2007a, Sasser et al., 2005a).  
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Table 2-2: Direct and Indirect costs of breast cancer in Sweden 

 1
st
 Year after 

primary care 

1st year after 

recurrence 

2nd and 

subsequent 

years after 

primary or 

recurrence 

Metastatic 

disease 

State Incurred Treatment 

Costs 

73,689 

SEK 

95,262 

SEK 

21,296 

SEK 

88,736 

SEK 

Indirect cost due to 

absence from work- 

Under 50’s 

226,537 

SEK 

209,463 

SEK 

59,820 

SEK 

151,397 

SEK 

Indirect cost due to 

absence from work – 50-

64 

205,967 

SEK 

294,520 

SEK 

44,387 

SEK 

125,903 

SEK 

Opportunity costs due to 

early retirement – 50-64  

239,100 

SEK 

278,119 

SEK 

76,183 

SEK 

296,222 

SEK 

(Source: Lidgren, Jonsson, et al. (2007b)) 

Lidgren estimated the total cost of breast cancer to the government in 

Sweden in 2002. Both direct costs (medial expenditure) and indirect costs8 

(including cost of early retirement and sick leave payments) expended by 

the government to breast cancer patients were included (Lidgren et al., 

2007a). Costs were estimated based on comparisons between women with 

different states of breast cancer. Direct costs incurred in 2002 due to all 

breast cancer patients include screening, 200 million SEK, hospitalisation, 

1.1 billion SEK, ambulatory care, 287 million SEK, and prescription drugs, 

83 million SEK. Indirect costs
9
 comprised of sick leave expenditure by the 

                                                 
8
 Valued using loss of earnings 

9
 Indirect costs were estimated using human capital theory whereby the value of production 

loss is the value produced on the margin by the individual.  Informal care was valued based 

on value of leisure time which was considered to be 35 per cent of the gross wage rate of 

men and women of all ages. Production costs due to time off work were calculated using 

the individual’s pre-tax salary including employer social insurance contributions and annual 

income from employment and business was used to estimate the production value foregone 

as a result of early retirement. 
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Swedish National Social Insurance Board, 318 million SEK, early 

retirement costs, 381 million SEK and mortality, 1.1 billion SEK. This 

places total cost estimates of breast cancer in Sweden in 2002 at 3.0 billion 

SEK. 

 

These studies highlight the substantial impact of indirect costs such as lost 

income. Lost income would affect women on higher incomes more acutely 

than women on lower incomes or depending on the state for welfare. This 

may encourage women on higher incomes to screen given the opportunity 

costs of detecting breast cancer at a later stage. 

 

2.4.7 Patient costs including out of pocket expenditure 

Yabroff et al (2007) estimated the net patient time costs associated with 

cancer care for a number of different cancers sites using 2005 prices. For 

breast cancer in the initial year of care following diagnosis, patient time 

costs are estimated
10

 to be $516 for hospitalisations, $136 for ambulatory 

and physician visits and spend on other services was between $356 and 

$1008 for each patient. During the last-year-of life patient time costs to the 

individual were approximated to be $2,551 for hospitalisations, $52 for 

ambulatory and physician visits and between $228 and $2,831 on other 

services related to the illness.  

 

                                                 
10

 Patient time costs were estimated from time spent traveling to, waiting for, and receiving 

care for each service category associated with breast cancer. Average frequency of services 

combined with estimates of patient time for each category of service was the basis on which 

costs were estimated.  Net patient time costs were calculated by subtracting mean values for 

control subjects from mean values for patients by service category in the initial, continuing, 

and last-year-of-life phases of care. The sum of the net costs in the initial phase was 

multiplied by the estimated number of new cancer patients in the US in 2005. 
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While productivity losses are suffered within the economy the individual 

may also incur losses in the form of forgone wages as a result of the disease 

(Lauzier et al., 2008).  In a study carried out across three cities in Canada, it 

was found that the highest personal costs incurred were by individuals that 

did not have salary insurance, or if she had long distances to travel to avail 

of treatment and specialists, stay over costs associated with treatment, 

(Lauzier et al., 2005). A study carried out in the US  to establish out-of-

pocket expenses incurred by breast cancer patients in receipt of 

chemotherapy for at least one month found that 83 per cent of the sample 

had costs of $150 or less per month (Moore, 1999).  Costs included were 

round trip mileage to clinical appointments, costs associated with relief of 

symptoms and side-effects, support and assistance, administration costs and 

loss of income. Support and assistance included such expenses as ordering 

out for dinner due to lack of ability for the patient to cook for themselves.  

 

Pisu, Azuero, et al. (2011) carry out a comparison of the proportion of out 

of pocket (OOP) spending to wages between Caucasian and minority breast 

cancer survivors (BCS) enrolled in the Breast Cancer Education 

Intervention (BCEI) in the US. The BCEI is a randomised clinical trial of 

psychoeducational quality of life interventions for BCS. It was found that 

more Caucasians than minority BCS lived in rural areas. Also a higher 

proportion of Caucasian BCS were diagnosed at an earlier stage than in the 

minority group. Total mean monthly direct OOP expenses were $316.1 with 

average spending on medical and hospital bills, prescriptions, over the 

counter medication and side-effect management amounted to $280.7. The 

direct non-medical OOP costs were estimated at $65.7 monthly, the most 

frequent costs encountered under this category heading were for travel to 

and from treatment centres and GP’s, physical therapy and exercise. On 

average the Caucasian BCS spent $297.3 of which $261.3 was spend on 

direct medical care. For the minority BCS group, the average OOP spend 

was $405.5, of which $375.9 went towards direct medical bills. In 
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proportion to income, the minority spent on average 31.4 per cent of 

income on breast cancer related expenses while the equivalent spend by 

Caucasians in proportion to income was 12.6 per cent. 

 

In Australia the average out of pocket costs incurred by breast cancer 

patients because of breast cancer is $1,781, a total cost of $1,322,775 for all 

287 women included in the study, as measured using 2003 prices (Gordon 

et al., 2007). The most expense was incurred in the first six months 

following diagnosis averaging at $1,452, gradually declining with the least 

burden experienced during the 13-18 months after diagnosis, $484 median. 

Loss of income declined from a median of $5,078 to $1,553 median from 0-

6 month period to 13-18 month period after diagnosis. Purchasing of 

garments and aids also featured as a substantial cost to breast cancer 

patients in the 18 months following diagnosis. Women with positive lymph 

nodes reported almost twice the costs of women with negative lymph 

nodes, $6674 versus $3533. Also younger women with negative nodes had 

67 per cent higher total costs than that of older women with negative nodes. 

These differences are most likely due to losses in income with younger 

women more likely to be employed than older women, having to employ 

extra resources to provide care and replace household production in 

younger age cohort that are likely to have younger children.  

 

Arozullah et al. (2004) investigate the out of pocket costs incurred by breast 

cancer patients with health insurance in the US. Costs categories 

investigated included direct costs, includes direct medical costs and direct 

nonmedical costs and indirect costs. Costs include the portion of medical 

expenses not reimbursed by the insurer, special equipment required in the 

home as a result of the illness, childcare costs incurred because of hospital 

attendance, lost wages and loss of income incurred due to career change or 

early retirement because of the disease. The sample includes breast cancer 

patients treated between 1999 and November 2002. Women aged over 18 
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with a life expectancy greater than six months were selected for inclusion in 

the survey. On average monthly costs, both indirect and direct amounted to 

$1,455, costs incurred ranged from $0 to $15,700 as reported by women 

included in the sample. Of this indirect costs incurred were $727, direct 

medical costs were on average $597 per month and non-medical direct costs 

incurred by the patient were estimated at $131 on average per month.  

 

These costs are not insignificant and given that the patient would be unable 

to work would make it even more difficult, indicating a bigger burden on 

women in lower socio-economic groups as highlighted in the studies 

outlined above. Viewing costs from a treatment perspective may be a 

misleading indication of overall costs. For example, the variations in stage 

of diagnosis may in itself explain somewhat the differences in overall costs 

and just taking third party costs into account gives limited insight into the 

role of costs that impact on the decisions made by individuals in relation to 

health. This may also have implications on women’s screening behaviour 

making them less likely to screen if they have higher opportunity costs 

associated with attending that screen or higher opportunity costs associated 

with having breast cancer. 

 

2.4.8 Conclusion 

Over the years technological change, demographics and differences in 

health care settings has contributed to differing costs associated with 

treatments. This may be reflected in the studies included in this literature 

review and somewhat explain the largely differing cost estimations between 

the studies. Many of the discussed here also focus on different types of 

breast cancer which again may influence reported cost estimates discussed 

above.  One important aspect as evident from the studies included here is 

that indirect costs associated with breast cancer, which do not have an 

impact on the health budget but impact the patient and potentially the 
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economy, can be significant, especially for women under age 65 in terms of 

early retirement, which must be considered by policy makers when 

evaluating breast cancer policies.  

 

Fishman and Hornbrook examine whether a dollar valued variable for 

prices charged for outputs is a robust basis for the valuation of the costs of 

production (2009). It is argued that much time is put into considering the 

statistical issues involved in estimating the relationships of interest in 

economic and cost analysis, but not much is placed on the reliability of the 

data used. This is an important consideration to bear in mind when 

amalgamating studies in the way it has been done here and is an important 

consideration when carrying out comparative analysis across studies as 

costs may not be calculated using similar techniques and therefore not 

directly comparable. Also this may increase variations of cost findings 

between studies.  Studies included in this literature review that used prices 

charged as cost estimators are Rao et al. (2004), Lamerato et al. (2006), 

Sasser et al. (2005b), Vera-Llonch et al. (2011a), Warren et al. (2008), 

Subramanian et al. (2011) among others. Costs estimated by Vera-Llonch 

(2011), for example, were based on reimbursement amounts to the health 

insurer which may not capture all health related costs associated with breast 

cancer as out-of-pocket expenses are not captured. Whereas another study 

compared the medical costs incurred by women with breast cancer to 

medical costs incurred by female non-cancer patients similar to the cancer 

cases among those continuously enrolled for 6, 12 and 24 months 

(Subramanian et al., 2011).  

 

2.5 Quality of Life in survivors of breast cancer 

In addition to women that are diagnosed at a later stage  typically incurring 

higher treatment costs, a late stage diagnosis may also have an impact on 

quality of life for the women after breast cancer remission. A late-stage 
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breast cancer diagnosis can involve more aggressive treatment, which may 

lead to poorer quality-of-life. It may also be the case that women from 

deprived areas may not have access to the highest quality care which may 

result in these women having a higher disease burden in the long run and 

therefore a poorer quality of life.  

 

A number of studies investigate quality of life following breast cancer, 

Montazeri et al. (2008) used the European Organization for Research and 

Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-C30) 

and its breast cancer supplementary measure (QLQ-BR23) to establish 

quality of life in breast cancer patients 18 months following diagnosis. They 

found that patients reported emotional functioning as lower at eighteen 

months follow-up than at baseline or three months follow-up. Patients at 

eighteen months follow-up reported decreased global quality of life, 

indicating wider repercussions than just health. Another study by Hsu et al. 

(2013) followed up with women one year following diagnosis and again on 

average 12.5 years following diagnosis with localised breast cancer. Twelve 

months after diagnosis there was a marked difference in the reported quality 

of life in women with breast cancer and the reference group, with the breast 

cancer patient cohort reporting significantly poorer QOL. However there 

were clinically significant improvements observed in all categories in long-

term follow-up for the breast cancer group, although some deficits in 

cognition and finances were present compared to women of the same age 

without a previous breast cancer diagnosis.  

 

Measuring the cancer burden in England and Wales it was estimated that in 

females 22 per cent of all cancer disability-adjusted life years (DALY’s) 

were due to breast cancer, the highest proportion of DALY’s in women and 

the highest burden of disease (Jayatilleke et al., 2012). It was followed by 

lung cancer which had the highest death rate among females and accounted 

for 20 per cent of DALY’s in women. Life years lived with a disability 
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accounted for 30 per cent of all DALY’s in the study, most likely 

attributable to the number of new registrations of breast cancer among 

younger females (ibid), this again prompts policy makers to take action.  

 

2.6 Universal Breast Screening Programme 

Figure 2-7: Age standardised (European) incidence and mortality rates 

of breast cancer in Great Britain, 1975-2005 

 

(Source: Adapted from Cancer Research UK 

(http://info.cancerresearchuk.org/cancerstats/types/breast/) Accessed 27
th

 

May 2014) 

 

Figure 2-5 illustrates the trends in breast cancer mortality and incidence in 

Britain. As illustrated and discussed previously in Chapter one incidence 

rates have steadily increased since 1975 in Britain, Figure 1-1. The graph 

clearly demonstrates a decline in breast cancer mortality which began 

around the time of the inception of the breast screening programme.  

Within the literature it is widely agreed that the stage at which breast cancer 

is detected and treated is an important determinant of  patient outcomes and 

treatment costs - patients that are treated earlier may be more likely to 

experience better outcomes and incur lower costs (Groot et al., 2006, 

Wolstenholme et al., 1998, Taplin et al., 1995). Acknowledging the 

http://info.cancerresearchuk.org/cancerstats/types/breast/
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importance of early detection, several countries, including the UK, have 

adopted breast cancer screening programmes as part of their cancer control 

strategies. Universal breast cancer screening was identified in the Forrest 

Report (Department of Health and Social Security, 1986) as a potential life 

saving measure for women at increased risk of having breast cancer in the 

United Kingdom. It was estimated in the report that death as a result of 

breast cancer could be reduced by one third if screening were to be offered 

to women aged 50-64.  Following the recommendations outlined in the 

report, publicly funded breast cancer screening was introduced for women 

in the recommended age category in Britain in 1988, obtaining full 

population coverage for this group by 1994. Under the programme, women 

in the eligible age range, registered with a GP, are invited for screening 

every three years (Sharp et al., 1996) though individual risk may see some 

screened on a more frequent basis. New guidelines issued in 2000 

(Department of Health, 2000), extended the targeted age range to include 

women up to age 70
11

. Over the past decade or so there has been much 

debate in the literature as to the true success of universal breast screening in 

the fight against cancer in terms of mortality reduction (Autier et al., 2011, 

Gabe and Duffy, 2005, Blanks et al., 2000a, Schopper and de Wolf, 2009, 

Baines, 2003), incidence of advanced stage breast cancer (Jørgensen et al., 

2011) and over diagnosis (Lam, 2004, Paci, 2012, Gøtzsche and Nielsen, 

2011, Jørgensen et al., 2011, Miller et al., 2014)
12

. It was predicted that the 

breast cancer mortality rate would decrease by 25 per cent as a direct result 

of the introduction of a universal breast screening programme, as 

introduced in the UK (Moss and Blanks, 1998). However, Blanks et al. 

(2000a) estimated that the universal breast screening programme was 

                                                 
11

 This extension to the Universal Breast Screening Programme was fully rolled out by 

2005 in all constituencies. 

12
 Over diagnosis in this context refers to the detection and treatment of a non-life 

threatening breast cancer 
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actually responsible for about seven per cent reduction in mortality in the 

UK up to 1998 over the ten year period since introduction in 1988.  

This conflict resulted in an independent review panel in the UK being 

brought together to review the evidence. This expert panel, declared to have 

no conflicting interests, concluded that the crucial justification for the 

implementation of a universal breast screening programme is to detect 

breast cancers at less advanced stages in order to reduce costs of treatment 

and mortality rates. Following a review of the clinical trial data on universal 

breast screening they found this to be the case (Independent UK Panel on 

Breast Cancer Screening, 2012b). The study concluded that the stage at 

which the cancer is detected and treated can impact on patient outcomes 

and treatment costs (ibid), those who are treated earlier experiencing better 

outcomes and incurring lower costs (Groot et al, 2011).  

 

2.7 Conclusion 

This chapter and the previous have outlined the implications of detecting 

and treating breast cancer at an early stage. A number of risk factors have 

been highlighted in relation to contraction of breast cancer in this chapter 

with further discussion on costs associated with treatment, both medical and 

out-of-pocket, which mostly impacts on younger women and women in 

lower socio-economic groups. Section 2.2 detailed risk factors associated 

with the disease, many of which highlight behavior most likely observed in 

poorer women such as smoking or excessive alcohol consumption. For 

policy makers it is important to understand the dynamics involved in the 

decision making process to attend screening, so as to ensure the correct 

structures are in place to enable women to screen that otherwise may not. 

For example, providing screening outside of office working hours or 

providing a mobile screening unit that enables women in remote areas to 

access screening facilities.  
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Overall the studies highlighted in this chapter indicate the potential for 

socio-economic gradient in breast cancer outcomes. As evidenced lost 

income costs are significant which as discussed are more likely to affect 

higher earners and as a result women with higher incomes may be more 

likely to screen. Higher earning women are also more likely to have higher 

education and thereby have a better capacity to understand the health 

benefits of attending a breast screen. Women with higher income levels 

may also be more likely to have a higher demand for health and may be 

more likely to seek to move along the care pathway swifter relative to 

poorer women. In addition, more deprived women may be more likely to 

suffer comorbidities and as a result this may impact their ability to 

withstand some of the harsh treatments administered for breast cancer thus 

impairing their chances of survival.  

With respect to out-of-pocket expenses, travel or child-minding costs for 

example, associated with screening, diagnosis or treatment, if they are 

higher as a proportion of income women may be less likely to engage, again 

hampering outcomes.  

The next chapter examines income-related inequality in uptake of breast 

screening among women that fall within the eligible age categories for the 

universal breast screening programme in England and Wales, both prior to 

and following programme expansion to include an older age cohort.  
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3.1 Introduction 

Given the link between incomes, earning potential and health outlined in 

the previous chapter this chapter measures income-related inequality in 

uptake of breast cancer screening in England and Wales in order to identify 

if income-related inequality exists among women of screening age and the 

extent of any observed inequality. Concentration indices have become a key 

instrument to quantify income-related inequality in health and healthcare 

use in recent years. The purpose of this chapter is to establish the existence 

of income-related inequality among the women that fall within the age 

cohort deemed eligible for universal breast cancer screening in England and 

Wales by taking advantage of a natural experiment. This is examined across 

two time periods, prior to and following the introduction of a programme 

expansion to include a wider age category in order to investigate how 

inequality is affected by a change in breast screening policy and to examine 

if there have been changes to the socio-economic gradient as the service has 

developed.  

 

This chapter is developed as follows, section 3.2 provides  the rationale for 

this analysis and section 3.3 a theoretical background, section 3.4 describes 

the breast screening programme as applicable to the analysis in the chapter, 

section 3.5 describes the data and 3.6 the methods, section 3.7 presents the 

results, section 3.8 discusses the findings and section 3.9 concludes.   

 

3.2 Study Rationale 

In 2007 in the UK, 14 per cent of all breast cancers diagnosed were in the 

most deprived group, while 23 per cent of breast cancers were in the least 

deprived members of society. In 2007 in women diagnosed with breast 

3. Measuring inequality in uptake of breast 

cancer screening in the United Kingdom 
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cancer, 32 percent of all breast cancers and 56 per cent of breast cancer in 

women aged 50-69, were screen detected in Britain (Lawrence et al., 2011). 

As depicted in Figure 3-1 below, the highest incidence of breast cancer in 

both England and Wales was in the least deprived category. This trend is 

most marked in the Eastern and Oxford regions, although this may be a 

result of the more affluent populations residing in these districts rather than 

trends in breast cancer incidence in these regions. However, the noticeable 

proportion of breast cancer in the least deprived populations, as compared 

to the most deprived, is also pronounced in England and Wales where the 

income distributions should be more evenly distributed. It is however 

unclear as to the underlying cause of the seemingly unequal distribution of 

breast cancer across deprivation scores, that is, if this pattern is due to a 

pro-rich pattern of incidence, or perhaps the result of a pro-rich pattern in 

screening and therefore diagnosis, although this is unlikely given the fact 

the breast screening programme has been in place for almost two decades in 

these countries. 

Figure 3-1: Proportion of breast cancer cases in each UK region by 

deprivation group 

 

(Source: Lawrence et al. (2011)) 
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3.3 Theoretical background to healthcare and maintenance 

Porter (2010) defines value as outcomes relative to cost, encompassing 

efficiency. Porter argues that often times in order to reduce overall costs; 

the best approach is to spend more on some service in order to reduce the 

cost of others. This is a recurring concept in this research, from uptake of 

breast screening to intervals from time of diagnosis and to commencement 

of breast cancer treatment, all of which are investigated within this thesis. 

The main rationale behind the universal breast cancer screening programme 

is to detect the breast cancer at an earlier stage thereby reducing treatment 

costs and potentially improving outcomes. One of the main objectives of 

the NHS is to grant patients access to the correct care in a timely fashion 

which is imperative in the treatment of cancer (Dardanoni and Wagstaff, 

1990).  Grossman (1972) argued that individuals inherit an initial health 

stock that depreciates over time and can be enhanced by investment. Death 

occurs if this health stock falls below a certain level and that individuals 

‘choose’ their length of life. Breast screening may be viewed as a health 

investment and following Grossman’s approach, which separates health 

effects and education effects on earnings, it may be expected that women 

benefiting most from a screen are women with higher earnings or a higher 

earnings potential.   

 

It should be borne in mind that the uncertainty surrounding the universal 

breast cancer screening and over-diagnosis of breast cancer may have 

impacted a woman’s decision to attend a breast screen (Picone et al., 2004) 

and other factors, such as perceived level of risk of contracting the disease 

or a personal sense of duty, which are individual to the woman’s decision to 

attend or refrain from having a breast screen. These may not be picked up 

explicitly in population based surveys such as the British Household Panel 

Survey (Whynes et al., 2007) and consequently these ‘hidden’ effects may 

be captured under the guise of other factors in econometric modelling. 

Picone et al. (2004) argued that a screening test has two components, 
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firstly, the test allows an individual to reduce expected loss due to illness 

and secondly the test allows the individual to gamble in the instance of 

illness where treatment is not always effective. Hence a more risk adverse 

individual would be less likely to have the test the higher the uncertainty 

about treatment outcomes and the need for treatment in the first place and 

vice versa. Picone’s study found that women who expect to live longer – 

gleaned from a question asking what the individual thought was the 

probability of him/her living to 75 and 85 – are more likely to have a cancer 

screen as are women with less tolerance to risk. However a third dimension 

is added to this for breast screening by way of treatment for a disease that 

was never life threatening in the first instance and the effect of this on an 

individual’s decision to screen is unclear. Increasingly over the past number 

of years there has been much debate surrounding the true effectiveness of 

universal breast cancer screening in terms of reducing breast cancer 

mortality, with much of the emphasis on over-diagnosis (Gøtzsche and 

Jørgensen, 2013, Independent UK Panel on Breast Cancer Screening, 

2012b, Gøtzsche et al., 2009, Miller et al., 2014). 

 

Expected utility theory is often applied in this instance to the reassurance a 

woman receives from attendance at a breast screen (process utility) and the 

possible fallout from the screen such as early detection and treatment of 

breast cancer (outcome utility) (Henderson et al., 2005). The possible 

implications of this decision to screen are an issue of much debate and 

uncertainty. The utility referred to here has a number of influences. One is 

her perceived risk of having breast cancer and second is her perceived 

benefit from screening. This utility can be related to life or the reassurance 

that she does not have breast cancer. If the women receives a negative 

result, she is happy in the knowledge that she does not have breast cancer 

and if the screen is positive the women has increased utility from the fact 

that the cancer was detected at an earlier stage than  would be the case if 

she had not attended. On the whole for the purposes of this research, based 
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on recommendations from different reports over the years, namely the 

Forrest Report (Department of Health and Social Security, 1986) and the 

more recent report from the Independent UK Panel on Breast Cancer 

Screening (2012a),  breast screening is beneficial and a women experiences 

increased utility as a result of attendance. 

 

3.4 Breast screening programme 

There are generally two main stand-points from which mammography 

screening is investigated, from a cost of treatment perspective and from a 

survival perspective, both of which appear to consistently draw opposing 

conclusions. The evidence using cost of treatment is consistently in favour 

of universal breast screening (Kauhava et al., 2004, Kauhava et al., 2008, 

Wolstenholme et al., 1998, Barron et al., 2008), however the evidence on 

survival as a result of breast cancer screening holds an opposing view on 

the value of screening (Autier et al., 2011, Jørgensen et al., 2010). What 

effect this debate may have on breast screening uptake is unclear and how 

much of it is in the public domain and how it is articulated to women within 

the eligible age range for screening, may have a causal effect on attendance 

that is not easily captured in the empirical methods utilised in this thesis.  

 

The rationale behind universal breast cancer screening programme is to 

detect breast cancer at an earlier stage than would be the case if the cancer 

was not screening detected. The reasons for detecting breast cancer at an 

earlier stage are twofold, one, to reduce costs and two, to increase the 

probability of survival. In recent years the literature has been dominated by 

the survival evidence which questions the role of breast cancer screening. 

 

Breast cancer screening is recommended for women aged 50-70 in the UK. 

In order for screening to be cost effective, the programme must reach a 

representative sample of women. Mammography was introduced for 
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women aged 50-64 and recommended they attend at least once every three 

years (Department of Health and Social Security, 1986), this 

recommendation was extended to include women aged 65-70 in 2000 

(Department of Health, 2000)
13

. It has since been shown the universal 

mammography screening may reduce breast cancer mortality by as much as 

20 per cent (Pace and Keating, 2014, Gøtzsche and Nielsen, 2011). 

 

In order to measure the socio-economic gradient in breast screening in 

England and Wales, this chapter draws on a method that has been the root 

of some debate of late, the concentration index. The objective of this 

chapter is to measure income-related inequality in uptake of breast cancer 

screening in women that fall within the eligible age range for the universal 

breast screening programme in England and Wales before and after 

expansion of the programme to include an older cohort of women. 

Inequality is measured across all women that fall within the eligible age 

category for screening in two time periods, that is pre and post the policy 

change to extend the breast screening programme. All women within this 

age category are considered to have an elevated risk of having the disease, 

therefore all women within this relevant range are recommended to attend 

for screening regardless of income level where screening will be most 

effective (Centers for Disease Control and Prevention, 2013, Cleveland 

Clinic, 2013, Breast Cancer Network Australia, 2013, Advisory Committee 

on Breast Cancer Screening, 2006).  

 

Based on Grossman’s model (1972) those that have the highest earning 

potential are likely to invest more in their health. It follows from this model 

that women with higher education and income levels would be more likely 

to attend screening. Women with higher education would also analyse 

                                                 
13

 The screening programme in England is currently being expanded to include women 

aged 47-73, however this is not relevant for the purposes of this research.  
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information regarding screening more easily than their less educated 

counterparts thereby making them more likely to attend screening. This 

chapter seeks to examine if indeed this is the case. 

 

Chapter 2 outlined the history of the breast screening programme (BSP) in 

the UK. However, each jurisdiction operates individually and as such, 

applies their own rules as to the roll-out of the BSP. As previously stated, 

the BSP was introduced in the UK on a systematic basis in 1988 following 

recommendations outlined in the Forrest Report (Department of Health and 

Social Security, 1986). To date, the programme is considered to have been 

successful in achieving its main objective – to detect breast cancer at an 

earlier stage  (Advisory Committee on Breast Cancer Screening, 2006). By 

2005 two-view mammography
14

 was in place and 1.3 million women every 

year were being screened between the ages of 50 and 70 (about 75 per cent 

of women invited for screening) and approximately 10,000 were diagnosed 

annually (ibid). In 2010/2011 of every 1,000 women screened for breast 

cancer in the UK approximately eight women are diagnosed as having the 

disease (Health and Social Care Information Trust, 2013). Initially women 

aged 50-64 were invited for screening every three years, with the 

programme being extended to include women aged 65-70 in 2001 in 

England and Wales and in 2003 in Scotland (Department of Health, 

2000)
15

. As stated in the NHS Cancer Plan (Department of Health, 2000) 

one of the objectives set-out was to achieve an equitable health system for 

all. Equity of access to healthcare is something which the National Health 

Service has strived to achieve since its inception in 1948 as encapsulated by 

                                                 
14

 Two-view mammography is where two images of the breast are captured and combined. 

Detection rates improved by 24% and recall rates reduced by 15% with the introduction of 

two-view mammography PATNICK, J. 2004. NHS breast screening: the progression from 

one to two views. Journal of medical screening, 11, 55-56. 

15
 It was announced in 2009 that Northern Ireland were to follow with the expansion of the 

BSP to include women aged 65-70.  
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the phrase “provision of care free at the point of delivery based on need and 

not on ability to pay,” (National Health Service, 2013). 

 

It is important at this point to define what is meant by the term inequality. 

Three theories of equality often referred to are, utilitarian, egalitarianism 

and maximin (Olsen, 2009). This chapter focuses mainly on utilitarian 

equality which is based on the idea that an individual’s welfare can be 

defined in terms of utility or happiness, the legacy of work by Jeremy 

Bentham and John Stewart Mill. The basis of this theory is that people do 

things to attain pleasure and avoid pain and utility is measured to better 

understand an individual’s decision making rationale. Utilitarianism is the 

concept that individuals seek to maximise utility (Williams and Cookson, 

2000). This concept is central to the analysis contained in this chapter. 

Universal breast cancer screening is offered free of charge to all women in 

the UK aged 50-70 (previously 50-64) and is clinically recommended that 

all women in this age category attend (Department of Health, 2000, 

Department of Health and Social Security, 1986). It is assumed that health 

enters the utility function as a positive and, consistent with the advice 

directed, to sustain health maximisation one would imagine screening 

would be undertaken. However, this does not necessarily follow as the costs 

and benefits associated with screening may differ among individuals, as 

does the time periods over which they arise and the discount rate applied to 

them by the individual. In order to encourage women to screen policy 

makers must gain an understanding of the probability that a woman will 

attend breast screening and put measures in place, in so far as it practical, so 

that women will attend.  

 

Evidence shows that as average tumour size upon breast cancer detection 

reduces, so does the number of women undergoing mastectomy, a very 

invasive and severe procedure which involves major surgery and radical 

changes in body image as well as increasing costs of treatment (Advisory 



 

 

64 

 

Committee on Breast Cancer Screening, 2006), see Figure 3-2. For women 

that are less likely to screen, if they contract breast cancer they are more 

likely to be diagnosed at a later stage, thereby increasing the probability of 

poorer outcomes. If women with lower socio-economic status, for example, 

were less likely to screen then they would experience a higher disease 

burden, due to the increased probability of poorer outcomes for example, 

than if the cancer had been detected at an earlier stage. 

 

Figure 3-2: Average diameter of breast cancers and percentage treated 

by mastectomy in Nottingham UK 

 

(Source: Advisory Committee on Breast Cancer Screening (2006)) 

 

It is recommended that all women within the pre mentioned age categories 

attend breast screening at least once every three years due to their increased 

risk of contracting the disease. The main argument in favour of screening is 

improved prognosis by earlier detection (Bland et al., 1998, Greenberg et 

al., 1996, Singletary and Connolly, 2006) thereby reducing costs, both 

direct and indirect, of treatment and wider economic implications caused by 

breast cancer which exacerbate as stage at diagnosis progresses, discussed 

in chapter 2 (Wai et al., 2001b, Remak and Brazil, 2004, Wan et al., 2013, 

Evans et al., 2000a).  

 



 

 

65 

 

3.5 Data 

The variables presented in this study are based on data from the British 

Household Panel Survey (BHPS) carried out in Britain from September 

1990-August 2008. The survey was carried out from September of each 

year based with questions relating to the previous 12 months, starting in 

September 1991 running until September 2008. For the purposes of this 

analysis, data was extracted from the BHPS between September 2000 and 

August 2003, and between September 2005 and August 2008.  The BHPS 

dataset consists of approximately 127,000 observations in total, on 

approximately 5,500 households drawn from across Britain, using a 

stratified random sampling approach. In this analysis, the screening 

behaviour of two sub-samples is examined and compared. The first sample 

is all women present in the sample from September 2000 to August 2003, 

prior to the policy change regarding the eligible age range for screening. 

The second sample is taken from the time period following the expansion of 

the programme and represents the screening behaviour of all women 

included in the sample between September 2005 and the last surveyed in 

2008. The analysis is carried out on women that fall within the eligible age 

for screening, that is those aged 50-64 in the first sample and women aged 

50-70 in the second sample.  

 

The programme also allows for women aged over 70 to be screened if they 

so wish, however for the purposes of this investigation we focus only on 

those women for whom screening is recommended in the UK, that is 

women that are invited for screening every three years, thereby avoiding 

potential issues of selection bias in respect of the over 70’s.  
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Equivalised household income
16

 (gross) averaged over two, three year 

periods was used as the ranking variable in the construction of the indices. 

Income is recorded as a continuous variable in the BHPS. Winzorised
17

 

equivalised household income is the ranking variable used. A binary 

variable is created for women that screened at least once in the three years. 

The data for screening in each of the three year periods is pooled.  

 

3.6 Methods 

3.6.1 Concentration Index 

The health concentration index, as first introduced by Kakwani et al. 

(1997), Wagstaff et al. (1991) and Wagstaff (2005), is a summary index of 

socio-economic related health inequality, bounded between -1 and +1. The 

index is negative if the health measure is concentrated amongst the poor 

and positive when concentrated amongst the rich. The concentration index 

measures health inequality by using income as its ranking variable and the 

health measure, in this case attendance at breast screening, as the dependent 

variable (Koolman and Van Doorslaer, 2004), thus calculating how 

screening is distributed proportionately across the socio-economic ranking 

variable, in this case equivalised household income.  

 

Socio-economic related health inequality, in this instance, refers to 

variation in uptake of breast screening among the age group clinically 

                                                 
16

McClements equivalisation scale was used to divide total household income which takes a 

weighting for each individual in the household. First adult is 0.61, spouse 0.39, other 

second adult 0.46, third adult 0.42, further adult 0.36. Children are allocated a weighting 

depending on their age, 0-1 years is 0.09, 2-4 years 0.18, 5-7 years 0.21, 8-10 years is 0.23, 

11-12 0.25, 13-15 years 0.27 or 16+ years 0.36.  

17
 By winzorising the outliers are replaced with the average of the percentile as oppose to 

trimming them away. 
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recommended as you move along the distribution of socio-economic status. 

The main condition defining a concentration index is that it is based on rank 

ordering based solely on the ranking variable. 

The concentration index is contained in equation (3.1). 

    
 

   
      

 

   

                                                        

N is population size, hi is health (whether the individual availed of breast 

cancer screening),   is the mean of the dependent variable (proportion who 

uptake screening), Ri = (λi/n) is fractional rank (λi) with respect to the socio-

economic distribution, λi =1 (poorest), λn = n (richest).  

 

Kakwani et al. (1997) illustrated that the standard error for the 

concentration index, illustrated above, can be calculated using the following 

equation (3.2) to estimate the variance
18

: 

        
 

 
 
 

 
   

          
 

   

                                               

The health variable is assumed to be continuous in the case of the 

concentration index, for example childhood height. However, if the variable 

being examined is binary, such as if the woman has gone for a breast screen 

or not in the previous three years, the mean of the distribution places limits 

on the possible bounds of the concentration index and therefore the 

traditional concentration index is not bounded between -1 and +1. 

Consequently an adjusted index must be used. There are two such indices 

for measurement of inequality using a binary variable, one proposed for use 

by Wagstaff (2005) and the other by Erreygers (2009a), the merits of each 

are discussed in the following two sections. 

 

                                                 

18    
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3.6.2 Indices – Wagstaff’s Concentration Index 

Wagstaff (2005) suggested an amendment to the traditional concentration 

index, as presented above, in order to correct the bias caused by bounded 

variables. This correction, as suggested by Wagstaff (2005), is contained in 

equation 3.3 and contains three of the four properties of rank dependent 

indices as suggested by Kjellsson and Gerdtham (2013), the mirror 

property, transfer and cardinal invariance. The mirror property refers to the 

measuring of inequality in both directions and getting the same index 

measure. Put simply it means that if you change the value of the bounded 

variable around, for example assign a value of 1 to women that don’t screen 

and 0 to women that do, then the index would be the same size but have the 

opposite sign. 

 

The transfer condition is that the concentration recognises a small transfer 

of ‘health’ from richer to poorer as a pro-poor change in the index. Scale 

invariance is when the index is not dependent upon the linear formation of 

the health variable, so for example if screening was measured in months or 

years, this scale invariance condition allows us to calculate a concentration 

index to measure if attendance is most concentrated among the rich or 

poor
19

. Kjellsson and Gerdtham (2013) also acknowledge one other 

property of some rank dependent inequality indices not met by the Wagstaff 

index, level independence. They describe this as when “an equal increment 

of health for all individuals does not affect the index, that is the index is 

invariant to scalar addition even when the bounds of the variable are kept 

constant.” 

Wagstaff’s Concentration Index is defined as: 

                                                 
19

An example of this is whether height is measured in inches or centimetres  you get the 

same result; or in the case of screening it doesn’t matter if you measure in terms of 

attendance in months or years you get the same result 
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        (3.3) 

 

Also expressed as: 

     
  

    
      (3.4) 

 

3.6.3 Indices – Erreyger’s Concentration Index 

An alternative index which measures absolute inequality is Erreyger’s 

Index.  

The Erreygers Index is outlined in equation 3.5 below.    

     
   

       
 

 

   
     

 
             (3.5) 

Also expressed as: 

                                                                                                

bh is the upper bound, ah the lower bound, zi is the weighted fractional rank 

of individual i, and xi is the health indicator for individual i. Erreyger’s 

Index satisfies the level independence condition as set above (Kjellsson and 

Gerdtham, 2013). As    is included in the Erreygers Index, this cancels out 

the same term from the standard concentration index, thereby making the 

Erreygers Index an absolute inequality measure. 

Erreyger’s index is not bounded by -1 and +1 but by  

(3.7) 

 

3.6.4 Bounded concentration indices 

There are a number of differences between the two concentration indices, 

the Wagstaff index bounds between -1 and +1, the Erreygers Index does 
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not. Wagstaff takes the average of the health term into account, Erreygers 

does not. Both indices are the same if the average of the health indicator 

variable is 0.5, however as the average gets closer to 0 or 1 the Wagstaff 

index gets bigger whereas the Erreygers index gets smaller. For 

interpretation purposes, Kjellsson and Gerdtham (2013) say the underlying 

inequality of CIW depends on   , for CIE is assumed to be 0.5 

 

To summarise, the main differences between the two indices relevant to this 

study are firstly, the indices measure different types of inequality, the 

Erreygers index measures absolute inequality and the Wagstaff index 

measures relative inequality. Secondly, the Wagstaff index is bounded 

between -1 and +1 whereas the Erreyger’s Index is not, see equation 3.7, 

therefore the two are not directly comparable. Both indices are presented 

here for consistency.  

 

In interpreting a rank dependent inequality index a value of 0.10, for 

example, indicates that if 10 per cent of screening were to be taken from the 

richer half of society and given to the poorer half then health (in this case 

breast cancer screening) would be equally distributed.  

 

The question then arises as to which non-linear CI is best, CIW or CIE. 

Erreygers (2009b) argues that as the average of the health indicator variable 

approached 0 or 1 Wagstaff’s index overstates the degree of inequality. In 

interpreting the different approaches by each index, using Erreygers, if 

everyone’s income decreased by 10 per cent, the inequality index would 

also reduce by 10 per cent, whereas Wagstaff’s index would stay the same. 

From another perspective, if all people in the population gained an extra 

£100 the Erreygers index would remain unchanged however Wagstaff’s 

index would not.  
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3.7 Results  

3.7.1 Descriptive Statistics 

Table 3-1 contains descriptive statistics for the women included in this 

study for the two time periods, namely 1999-2002 and 2005-2008.  

 

Table 3-1: Descriptive Statistics for the two time periods 

Variable Pre Policy Change 

(N=1,317) 

Post Policy Change 

(N=1,140) 

 Mean  Standard 

Deviation 

Mean  Standard 

Deviation 

Equivalised Household 

Income 

£21,298 £11,758 £27,955 £14,075 

Number Earners in 

Household 

1.2 1.15 1.36 1.18 

Number dependants under 

16 

0.042 0.28 0.075 0.35 

Age 60.5 5 60.8 5 
 

Variable 

 

Percentage within each 

category 1999-2001 

Percentage within each 

category 2005-2007 

Higher Level Education 13% 19.6% 

Secondary Level 

Education 

30% 39.5% 

Primary Level Education 57% 40.9% 

Ten or more GP Visits 13% 9.2% 

6 to 10 GP Visits 14% 11.4% 

3 to 5 GP Visits 24% 23.2% 

1 or 2 GP Visits 32% 35.3% 

0 GP Visits 17% 21% 

Smokers 24% 17.6% 

Self-reported health status 

– Excellent 

19% 19.5% 

Self-reported Health 

Status – Good 

43% 45.7% 

Self-reported health status 

– Fair 

25.5% 23.2% 

Self-reported health status 

– Poor 

9% 8.9%     

Self-Reported Health 3.5% 2.7% 
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Status- Very Poor 

Marital Status – Married 69% 73% 

Marital Status – Separated 1% 1% 

Marital Status – Divorced 14% 14% 

Marital Status – Widowed 11% 7% 

Marital Status – Never 

Married 

5% 5% 

 

Average equivalised household income has increased in the second time 

period; this is not surprising as it has not been adjusted for inflation, but 

there are also a higher average number of earners in the household in the 

latter time period which may have an impact on screening attendance. In the 

second time period education rates are higher, and fewer women are 

visiting their GP. Fewer in the sample smoke in the latter time period and 

little is changed in self-reported health. With respect to marital status a 

smaller proportion are widowed in the second time period which may be an 

indication of longer life expectancy or the gap between the sexes lessening 

over the period.  

Table 3-2 outlines uptake of screening over both three year periods by age 

category. Interestingly in the second time period a marginally smaller 

proportion of the sample attend screening in the 53-64 age categories. A 

much higher proportion of the older age categories attend in the second 

time period than in the first which is due to the programme expansion in the 

latter time period to include women in this age category. 

 

 

Table 3-2: Screening uptake within each time period by age category 

 

 

 

 

Time Period and 

(Age Category) N % that screen 

1999-2002 (53-64) 961 73% 

1999-2002 (65-70) 356 37% 

2004-2007 (53-64) 857 70% 

2004-2007 (65-70) 283 49% 
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Figure 3-3 illustrates breast cancer screening uptake distributed across 

equivalised household income quintiles. Across both time periods, a higher 

proportion of women in the richest income quintiles attend at least one 

screen in the three year time period.   

 

Figure 3-3: Screening uptake by income quintile 

 

Age 53-64 – Pre policy change  Age 65-70 – Pre policy change 

 

 

 

Age 53-64 – Post policy change   Age 65-70 – Post policy change 
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Figure 3-4: Equivalised household income distribution for the four 

samples 

 
 

Pre policy change - Age 53-64  Pre policy change - Age 65-70 

 

 

 

 

 
 

Post policy change - Age 53-64  Post policy change - Age 65-70 

 

 

The income distributions are more concentrated in the lower end of the 

scale for all age groups, however the distribution appears smaller for the 

older age category, the 65-70 age group. This is confirmed by the figures in 

Table 3-3 below as the mean and the standard deviation is smaller for the 

older age cohorts. 
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Table 3-3: Income statistics by screening age category 

 Mean Standard Deviation Median  
(50

th
 

percentile) 
Pre policy change  - 

Age 53-64 
£23,573 £12,802 £20,717 

Pre policy change  - 

Age 65-70 
£17,709 £9,441 £14,878 

Post policy change - 

Age 53-64 
£29,198 £14,397 £26,831 

Post policy change - 

Age 65-70 
£22,742 £10,651 £20,565 

 

3.7.2 Concentration Indices 

Table 3-4: Concentration Indices 

*=statistically significant at 90% level, **=statistically significant at 95% level, 

***=statistically significant at 99% level  

 

As stated previously, both the Erreygers and Wagstaff Indices are presented 

here for full disclosure given the ongoing debate in the literature as to 

which is the best inequality measure for binary variables. The results 

presented in Table 3-4 indicate the presence of a pro-rich income inequality 

in the 53-64 age categories prior to the policy change, suggesting that more 

 Erreygers Index  

(Standard Error) 

Wagstaff’s Index 

(Standard Error)  

Pre policy Change 

England and Wales 

Women Aged 53-64  

0.083** 

(0.033) 

 0.104*** 

(0.006) 

Pre Policy Change  

England and Wales  

Women Aged 65-70 

0.082** 

(0.04) 

0.088** 

(0.035) 

Post Policy Change 

England and Wales 

Women Aged 53-64 

0.074** 

(0.036)  

 0.088*** 

(0.007) 

Post Policy Change 

England and Wales  

Women Aged 65-70 

-0.004 

(0.067) 

 -0.004 

(0.024) 



 

 

76 

 

women from the higher income groups screen than women from households 

with lower equivalised household income relative to their representation in 

the sample. However this affect is reduced in the second time period as the 

inequality is reduced from 0.083 to 0.074 using Erreyger’s Index.  

 

Firstly, the inequalities are very similar for both methods. The indices are 

both pro-rich and are of similar magnitude to the indices estimation for the 

younger age group. This suggests that there is a pro-rich pattern of 

screening evident in this age category however it is less severe than is the 

case in the younger age group prior to the policy change. Following the 

policy change, the sign on both the Erreygers Index and the Wagstaff Index 

are negative, indicating pro-poor pattern in the uptake of screening, 

however it is not statistically significant indicating that there is no income 

inequality evident in the uptake of breast cancer screening in the time 

period following the extension of the programme for the older age group.  

 

3.8 Discussion 

This analysis investigates the income inequality in the uptake of breast 

screening pre and post a policy change as measured using concentration 

indices. The results presented above indicate that in the younger age 

category a pro-rich inequality is evident although it is reduced in the second 

time period.  

 

First, it must be noted that in the second time period a smaller proportion of 

women aged 50-64 attended screening, however a higher proportion 

attended from the older age cohort 65-70. There has been a reduction in the 

inequality, measured using both the Erreygers and Wagstaff approaches, 

over both age groups following the programme expansion. There is 

evidence of a spill-over effect in relation to equality as measured by the 

indices, with income inequality appearing reduced for women in the 
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younger age cohort, 50-64, due to a range of possibilities such as greater 

media coverage in relation to the benefits of screening or perhaps GPs 

encouraging more women to attend screening as a result of a heightened 

sense of awareness due to the publicity surrounding the programme 

expansion. It may have become more socially acceptable to screen and this 

may serve to increase uptake disproportionately among less well-off 

women. Women in the 50-64 age category were more likely to attend 

screening than any other age category, including women ages 65-70 after 

the policy change to expand the programme.  

 

In the 65-70 age category prior to the policy change there is ambiguous 

evidence of pro-rich income inequality. Following the programme 

expansion, in this age group there is no evidence of significant inequality 

for either index. This result must be viewed with caution however as the 

proportion of women attending is still quite low for this age category with 

an attendance rate of 49 per cent for this age category, for all of whom 

screening is recommended, albeit a reduction in inequality is to be 

welcomed. A lower proportion of women in the 50-64 age category attend 

screening in the latter period with an attendance rate of 70 per cent.  

 

The debate regarding the most appropriate approach to adjusting the 

standard concentration index for binary variables is ongoing. The argument 

which may be the better index is beyond the remit of this thesis. However, 

in the interests of full disclosure both indices are presented. It must be noted 

that the results must be viewed with caution if drawing comparisons 

between the differing age groups, given that differences between income 

distribution across the cohorts may impact upon the size of the inequality 

measured by both rank dependent inequality indices. (The income 

distribution among women of retirement age is likely to be flatter than that 

of women who are younger.) 
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The analysis above has grouped women in eligibility for screening over the 

time period but also into categories whereby income distributions are likely 

to be similar over time as illustrated in Figure 3-4. The level of inequality 

can be compared over time by age category and it’s evident that among 

women to whom universal screening was extended, income inequality 

reduced. There may also be spill over effects into the 50-64 age category 

for whom no policy changes were made, services provision for this age 

group is the same in both time periods.  

 

The policy implications of this are that widening access by moving to an 

organised screening programme can reduce any socioeconomic gradient 

which may have been evident in the unorganised system. As there is no 

change in charges to avail of the programme in either time period for either 

group, it can be concluded that the policy change has affected non-financial 

issues in screening uptake, such as perhaps, the organising of the screen by 

the individual themselves or the removal of the need for the assessment of 

risk by the individual.  Both of these aspects would be addressed when the 

woman is contacted by the programme to engage in screening the 

individual becomes more aware of being at risk and responds by screening. 

If income is a proxy for broader measures of disadvantage – such as health 

literacy – reducing the non-financial costs associated with organizing a 

screen would disproportionately favour those with lower incomes and 

thereby serve to reduce inequalities in uptake. If correct, this suggests we 

need to look beyond inequalities solely in terms of income if inequalities 

are to be properly understood and addressed. 

 

3.9 Conclusion 

A pro-rich inequality exists in women aged 53-64 for the two time periods 

both pre and post a policy change to extend the breast screening programme 
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to a wider age cohort, albeit a reduced pro-rich inequality is observed in the 

second time period. This inequality is also evident among women that 

screen in the 65-70 age cohort prior to the policy change, but this effect 

drops out in this age category following the policy change. The chapter 

provides clear evidence of the impact of a policy change upon equity goals. 

The reason underlying the change in behaviour appear to be related to 

issues other than monetary cost and likely reflect non-financial aspects of 

service access.   

 

The next chapter contains a more detailed investigation into screening 

uptake in Britain over an eighteen year time period. It offers more insight 

into the dynamics affecting the decision to screen and the possible roles 

income may have while also examining other factors which may influence 

the decision. 
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4.1 Introduction 

Chapter three found a pro-rich pattern in screening uptake as measured 

using concentration indices within certain age categories eligible for 

screening. This chapter seeks to establish factors that determine the 

likelihood of a woman attending for a breast screen and whether after 

controlling for other variables within a dynamic context income remains a 

significant determinant of uptake. As outlined in Chapter 2, the stage at 

which breast cancer is detected and treated may be an important 

determinant of  patient outcomes and treatment costs - patients that are 

treated earlier may be more likely to experience better outcomes and incur 

lower costs (Groot et al., 2006), a factor that is important in itself but also 

important in assessing inequalities along the care pathway. For example 

inequalities in screening uptake may help explain inequalities in stage at 

presentation, that in turn help explain inequalities in care costs and survival. 

However it is important to note that causality may run both ways, if women 

think that they will not receive the same care or the same speed of care later 

in the treatment pathway this may have an impact on screening uptake. 

(Though in the UK this should not be as big an issue as say for example in 

the US or Ireland where private healthcare plays a much larger role in 

determining care.) Acknowledging the importance of early detection, 

several countries, including the UK, have adopted breast cancer screening 

programmes as part of their cancer control strategies. This chapter aims to 

establish what factors explain variations in the likelihood of a woman 

availing of screening to help shed light on the factors that underlie the 

inequality detected in the previous chapter.  

 

The studies outlined in chapter two clearly highlight the reduction in cost of 

breast cancer treatment to be gained via earlier detection; however it is 

important to again note that there is extensive evidence in the literature on 

the risks of over-diagnosis of breast cancer. That is breast cancer that is 

4. Determinants of breast cancer screening uptake  
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screening detected that would otherwise have gone undetected and not 

caused harm to the women (Jørgensen et al., 2010, Jørgensen et al., 2011, 

Jørgensen, 2013, Gøtzsche et al., 2009, Autier et al., 2011, Martinez-Alonso 

et al., 2010, Kalager et al., 2012, Morrell et al., 2010). The IARC Handbook 

of Cancer Prevention states “an obvious source of harm associated with any 

screening programme is unnecessary treatment of cancers that were not 

destined to cause death or symptoms,” (IARC, 2002). Given the contention 

within the discourse on the ‘true’ benefits of breast cancer screening an 

independent UK panel on breast cancer screening carried out an evaluation 

of the evidence. The panel consisted of individuals declaring no conflict of 

interest and having not previously worked or published on the topic of 

breast cancer. The panel reviewed published work on the subject  and oral 

and written evidence presented by experts in the field (The Lancet, 2013). It 

was concluded in the report that of every 10,000 women screened, 129 are 

diagnosed and treated for a breast cancer that left untreated would not have 

caused any harm to the women. The panel also interviewed women as to 

how they feel about the relative risk with many reporting that screening still 

feels worthwhile even when informed of the risks of over diagnosis 

involved (Independent UK Panel on Breast Cancer Screening, 2012b). A 

recent systematic review assessing the benefits and risks for breast 

screening in women that screen for a 10 year period found screening 

reduced mortality by approximately 19 per cent but also incurred a risk of 

over-diagnosis
20

 of approximately 19 per cent but there is uncertainty about 

this approximation. In studies examining the benefits and risks of breast 

cancer screening, the observed reduction in breast cancer mortality 

experienced was about 15 per cent for women in their 40’s and 32 per cent 

for women in their 60’s among those that screened (Pace and Keating, 

2014). 

 

                                                 
20

 Would not have become clinically apparent without screening  
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The remainder of this chapter is developed in the following sub-sections: in 

section 4.2 the universal breast screening programme in the UK is detailed, 

section 4.3 outlines an intuitive model to better understand factors 

impacting the decision to screen, section 4.4 discusses literature on the area 

of breast screening uptake, in section 4.5 the econometric methodology 

used in this analysis is presented and data used in the study is outlined; in 

section 4.6 the results; in section 4.7 findings are discussed and in 4.8 

conclusions presented. 

 

4.2 Universal breast screening programme UK 

As outlined in Chapter 2, in Britain publicly funded breast cancer screening 

was introduced for women aged 50-64 in 1988, although full population 

coverage was not attained for this group until 1994 (Department of Health 

and Social Security, 1986). Under the programme, women in the eligible 

age range, registered with a GP, are invited for screening every three years 

(Sharp et al., 1996) though individual risk may see some screened on a 

more frequent basis. New guidelines issued in 2000 (Department of Health, 

2000), extended the targeted age range to include women up to age 70.The 

extension to the programme began in 2001 in both England and Wales with 

full coverage achieved by 2003. Scotland began inviting women aged 65-70 

for screening in 2003 and full coverage was achieved in this jurisdiction by 

2005 (ISD Scotland, 2013).  

 

While all identified eligible women are invited for screening, not all attend 

- possibly reflecting variations in the perceived costs and benefits of 

screening as well as differences in the discount rate applied to these by 

individuals (Walsh, 2014). 
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4.3 Intuitive utility model for breast screening attendance 

Expected utility provides a structure by which it may be possible to better 

understand an individual’s decision to screen (or not) in the presence of 

uncertainty, especially that which arises in the case of health (Arrow, 1963). 

An individual’s utility function will comprise a range of arguments, the 

weight attached to which will vary as will the individuals risk adversity and 

knowledge of the issues around the decision being made. It is assumed the 

individual seeks to maximize their utility subject to constraints on time and 

disposable resources, notably income.   

 

In the instance of breast screening there are two possible effects on utility, 

outcome and process utility. Outcome utility focuses on the outcomes of the 

screen, in that the individual is reassured if she receives a negative result for 

a mammogram and even if it is not the case that a negative result is 

received, it can be argued that utility is increased as a result of the fact that 

the cancer has been detected and treatment at an early stage than would be 

the case if she had not attended screening made possible, thereby increasing 

the probability of better outcomes (McGuire et al., 2005). One of the main 

benefits of screening is the reduction in mortality and morbidity afforded to 

breast cancer patients that are diagnosed at an earlier stage. Therefore 

individual’s that perceive themselves as having a higher risk of contracting 

breast cancer will gain a higher level of utility from a screen and are 

therefore more likely to attend for screening. Women that place a higher 

value on health are also more likely to screen. The second, process utility is 

associated with the actual screening process itself and may well be 

negative. It is concerned with the act of actually getting to the 

mammography site and undergoing the procedure, that is pain and worry 

associated with undergoing the procedure. For example if it is the first visit 

and the woman has a preconception that the mammography will cause her 

pain she may be less likely to attend, or if she has heard a debate on the 

radio that morning on the uncertainty surrounding the effectiveness of the 
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process this may also cause her to rethink attendance or the opportunity cost 

of the time involved in attending for a screen. 

 

A range of factors impinge upon the decision to screen, many of which may 

impact the decision to screen as well as the outcome of the screen
21

. The 

main benefits associated with breast screening are the potentially reduced 

morbidity and mortality risks. An individual that perceives themselves as 

having a higher probability of contracting breast cancer may therefore be 

more likely to screen, such as women in receipt of hormone replacement 

therapy (HRT) (Guay et al., 2007). Also, women that have a higher value 

on health would be more likely to screen given the effect on morbidity, for 

example as one ages and health deteriorates the perceived benefits of 

attending, will be reduced therefore making the individual less likely to 

screen (Picone et al., 2004). Higher educated women may be more likely to 

screen as they may be more aware of the benefits associated with screening, 

the risk associated with breast cancer or better able to make sense of the 

rhetoric around screening  (Sabates and Feinstein, 2006). 

 

Individuals in possession of private health insurance may be more likely to 

screen, due to a number of underlying factors the main one being that they 

may feel they will be fast-tracked to initiate treatment, thereby increasing 

the utility gained from the screen (Walsh, 2014). Also such women may 

have a higher preference for health as indicated by their decision to acquire 

private health insurance (Cutler et al., 2008). 

 

There are also potential costs associated with screening. If the woman has 

not attended a screen in the past there may be a fear of the unknown. 

Similarly, a woman may have attended in the past and had a negative 

                                                 
21

For example family history of breast cancer. 
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experience, perhaps due to a questionable result before getting the all-clear, 

which may mean she is less likely to return subsequently. Healthcare 

professionals such as GP’s can sometimes act as gatekeepers to breast 

screening; this is especially so for women outside of the eligible age range 

for the BSP in the UK. Other causes of disutility associated with screening 

may be dealing with the health system, invasiveness of the procedure, 

process of acquiring, or inability to acquire, information about the screen, 

the opportunity cost of time or out-of-pocket expenditure associated with 

getting to the screening facility may be significant and deter women from 

utilising the service. Where a woman has not attended a scheduled screen in 

the past there may also be costs associated with feelings of being viewed in 

a negative light by those who operate the programme. 

 

Women that have lower time preferences or are more risk adverse may be 

more likely to screen (Picone et al., 2004). The ‘worried well’ may gain 

reassurance from a negative result meaning there is no breast cancer 

present. Individuals that have a more fatalistic attitude to cancer may be 

less likely to screen as they may not perceive the benefits associated with 

early detection  as was found with screening for other types of cancer 

(Miles et al., 2011). Process disutility may decrease with repeat screens as 

individuals become more familiar with the procedure and the system 

(Mathers et al., 2001).   

 

Marital status can have a significant influence on screening behaviour; 

married women may have more support in the home and feel more 

encouraged to attend screening, related to the idea of pester power, and the 

individual may not just attend a screen to increase their own utility but also 

that of others in the household, such as a spouse or dependents (Gatrell et 

al., 1998). Family history of breast cancer may make women more likely to 

attend screening by increasing awareness or risk perception and at more 

regular intervals than women that do not have breast cancer in the family 
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(Isaacs et al., 2002). Number of children may impinge on the decision 

process given the positive relationship between time constraints and 

number of children. Employment status is likely to have an impact which 

would also be sensitive to the times screening is offered and distance to the 

screening centre. Rural dwellers may be negatively impacted if they have 

long distances to travel to reach the screening centre, thus increasing the 

opportunity cost of attending. The decision to screen can be related to the 

willingness to trade utility over time. Women who discount future benefits 

heavily may be less likely to screen, they live in the present relative to 

women who disjoint less heavily. Another factor to consider is the effect of 

increased costs due to a fear of the unknown associated with screening for 

the first time which would be reduced for second and subsequent screens.  

The health system in place can impact on a women’s decision to screen as 

illustrated in the previous chapter, whereby a higher proportion of women 

screened when universal breast screening was provided than when 

opportunistic screening was in place.  

 

4.4 Literature on variations in uptake of breast cancer screening 

Studies examining variations in uptake, for example, have shown a range of 

factors to explain systematic differences in uptake, factors that within an 

economics framework can be readily interpreted as relating to perceived 

costs, benefits and/or time preference. Tinkler et al. (2001) estimated 

women that missed one previous screen had a 20 per cent probability of 

attending their current screening appointment, this fell to 9 per cent and 3 

per cent for women having missed two and three previous screens 

respectively. A Dutch study investigating how women felt following their 

first mammogram and obtaining a negative result found that in general 

women were very positive about repeat participation both before and after 

the screen taking place with an increased positive effect observed following 

the screen indicating a reduction in cost associated with subsequent screens 

due to the eradication of the fear factor associated with the uncertainties of 
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the unknown (Mathers et al., 2001). Studies that have explained variations 

with reference to distance to the screening centre as well as family history – 

women with a family history being more likely to attend screening than 

those who were not (Isaacs et al., 2002, Meiser et al., 2000), age (Walsh et 

al., 2011)  and marital status (Gatrell et al., 1998), for example, can all be 

readily related to differences in perceived costs, benefits and time 

preference.  

 

A particular area of debate in screening uptake is with respect to the role of 

income and socio-economic status, variables one might expect to impact on 

the opportunity cost of screening, the relationship with uptake is less clear. 

Sabates and Feinstein (2008) using data from the UK, for example, found 

that equivalised household income did not play a significant role in the 

uptake of screening across a range of illnesses including breast cancer. 

Maheswaran et al. (2006) by contrast found that as socio-economic status 

rose (and with it one imagines income) so the probability of attending 

breast screening increased (though as the studies use different control 

variables the possibility exists that the role of income is conflated with 

omitted variables). Similarly, Aarts et al. (2011) in the Netherlands found 

that women with lower socio-economic status were less likely to attend for 

breast screening and were more likely to present with breast cancer at a 

more advanced stage than those of higher socio-economic status (Aarts et 

al., 2011). A priori the role of income on screening decisions is ambiguous. 

While income may impact on the opportunity cost of time it may also 

impact on the perceived benefits of screening – if survival as a result of 

screening is increased, the utility of this for someone with higher income 

may be greater than for someone with less income. This may explain in part 

the conflicting results found in the literature.   

 

To develop appropriate policy interventions to encourage uptake of 

screening it is important to understand differences in uptake between 
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groups and what factors underlie such differences. The lack of consensus 

here is troubling and may in part relate to deficiencies in the 

methodological approaches adopted by these studies. With respect to 

Sabates and Feinstein (2008), for example, the authors failed to account for 

the three year cycle by which breast screening is offered in the UK and 

thereby the possibility that past decisions may create a legacy that impacts 

on current choices. Similarly, Maheswaran et al. (2006) adopted what was 

essentially a cross sectional approach in their analysis as did Aarts et al. 

(2011). By failing to adjust for previous encounters with the screening 

programme, analyses of this type ignore the role this may have in 

explaining observed uptake at a given point in time. By extension, ignoring 

the pattern of behaviour over time discards important information that may 

explain behaviours and with this misses the opportunity to develop more 

nuanced policy interventions to address low uptake than might otherwise be 

the case.  

 

Given the potential gains in life years and the possibility of a reduction on 

the amount spent on breast cancer treatment resulting from screening 

detected breast cancers and the impact on morbidities it is imperative to 

understand fully the factors which determine screening uptake in women in 

order to tackle any inequality which may exist. This chapter attempts to do 

just that by examining the factors that influence uptake of screening 

amongst women in Britain using data from the British Household Panel 

Survey
22

 (BHPS).  

 

The BHPS was chosen for this analysis due to the longitudinal nature of the 

survey as it captures eighteen years of breast screening behaviour. The use 

of a panel analysis allows for the explicit modelling of idiosyncratic 

variations between respondents while inclusion of terms designed to 

                                                 
22

 The focus here is British data due to the unavailability of Northern Irish data. 
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address previous encounters with the programme allows correction for the 

possible legacy of previous decisions upon current decisions. Also included 

in this analysis is a comparison of the effect of individual income versus 

equivalised household income on screening uptake. Within the literature 

equivalised household income is the variable generally used, given that 

breast cancer mostly affects women of a certain age who are more likely to 

be homemakers, it is typically considered to be the better measure of the 

income a household needs to maintain a certain standard of living. Here 

results using both are presented and comparisons are drawn between each in 

order to gain an understanding of the possible underlying effects associated 

with each and the differences in the unobserved heterogeneity associated 

with each measure of income. 

 

4.5 Methodology 

As part of the universal screening programme, women in the UK are invited 

to screening every three years. Given a woman’s previous behaviour in 

respect of screening may influence current behaviour, a dummy variable for 

whether the woman reported having screened 3 years previously is 

included. To allow for the possibility that the results of a screen may have 

resulted in a shorter interval between screens than that suggested by the 

programme (where for example a woman is perceived to be at higher risk) 

screening behaviour in all three of the previous three years were modelled 

using lags of the dependent variable. (The third lag allows for an increased 

likelihood of screening due to an invitation as part of the routine screening 

programme). To reflect the possible influence of past screening behaviour 

on current screening decisions, such as the women always attending for a 

screen when scheduled to,  a  dynamic correlated random effects panel 

probit model developed by Wooldridge (2005) in which the legacy of 

previous contact with the programme is referred to as ‘state-dependence’ is 

used.  

 



 

 

90 

 

4.5.1 Dependence and the Initial Condition Problem 

If an individual has previously attended for breast screening this may affect 

the decision to attend at a future date. There may be a number of reasons for 

this, examples are, perhaps an individual received a worrying result from a 

previous screening and it was recommended that they attend at more regular 

intervals, or perhaps the opposite is the case whereby an individual attended 

screening and nothing out of the ordinary showed up and the individual 

decided herself not to attend at the next screening schedule. Perhaps the 

most obvious rationale is that a woman who attended screening became 

familiar with it and the impact of fear of the unknown as a deterrent to 

engage was reduced as a result. This impact of previous decision on current 

behaviours is referred to as state dependence. If unobserved heterogeneity
23

 

was not present then the inclusion of a lagged variable would capture the 

importance of past screening behaviour. However there may be time-

invariant unobserved heterogeneity present in this model which may bias 

estimates due to the fact that an individual’s screening behaviour prior to 

the commencement of the BHPS is unknown and may have an impact on 

current screening behaviour. Since these time-invariant variables affect 

screening in the current period as well as in past periods, and by their nature 

are not included in the model, their impact will be erroneously attributed to 

the lagged dependent variables. 

 

When this is the case the issue becomes known as the ‘initial conditions 

problem’(Heckman, 1981a). The problem arises because of correlation 

between the unobserved heterogeneity and the lagged dependent variable. 

This leads to endogeneity, resulting in overestimation of state dependence 

(Heckman, 1981b). Violating the strict exogeneity assumption means that 

state dependence will be overestimated and short-run effects of the 

                                                 
23

 Arising in this instance as a result of possible screening attendance / non-attendance prior to the 

commencement of the BHPS 
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explanatory variables are underestimated, therefore falsely increasing the 

estimated effect of past screening behaviour on current decision to attend 

and underestimating the effects of other included in the model. By 

including three control variables, for the first three observed years, in the 

model  it controls for the initial condition problem by capturing the legacy 

affect due to unobserved heterogeneity, such as family history of breast 

cancer for example, the effect of which might otherwise be attributed to the 

legacy effect thereby over-inflating the average partial effect attributable to 

this. 

 

This initial conditions problem as identified by Heckman (1981a) is 

addressed by the application of the estimator as developed by Wooldridge 

(2005).The method used in this estimation is the Wooldridge approach 

based on evidence from Rabe-Hesketh and Skrondal (2013). 

 

4.5.2 Wooldridge Estimator 

In the context of screening, in addition to the observable attributes likely to 

impact on uptake (age, socio-economic status, etc.) unobserved 

characteristics should also be allowed for in the modelling exercise. For 

example, the worried well (and their logical counterpart the unworried sick) 

may be more (less) likely to avail of screening, ceteris paribus, than others 

though no obvious observable variable for this attribute exists. In a panel 

setting time invariant unobserved heterogeneity is often modelled by 

introducing fixed or random effects into the model. Consistent with 

Wooldridge (2005) a random effects approach is adopted.  

 

Breast screening attendance was modelled as a binary choice with 

individuals choosing whether to attend or not to attend. The decision to 

attend breast screening depends on an unobserved latent variable     
  which 
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is a function of observed individual characteristics, Xit, past attendance 

decisions      
       

       
 ). In addition to these observable factors, there 

may be others factors which are unobservable to the researcher that 

influence the decision to attend for breast screening, such as, individual 

time constraints, individual’s attitude toward their health and wellbeing, or 

accessibility to the screening centre. In combination these factors are called 

unobserved heterogeneity. The use of panel analysis enables us to deal with 

the time-invariant component of this unobserved heterogeneity. 

 

To take account of the unobserved heterogeneity the disturbance term µi t is 

decomposed into two components, αi, representing the time invariant 

component
24

 and µit representing the unobserved disturbance term assumed 

to be independently and identically distributed over time and individuals. 

   
                                                                               (4.1) 

The latent model can be written as: 

   
                                                       (4.2) 

The assumption that αi is uncorrelated with the explanatory variables is 

quite strong and if true then a random effects estimator may be used. A 

random effects model imposes more assumptions than the fixed effects 

model, namely, strict exogeneity between explanatory variables and the 

disturbance term is assumed (Wooldridge, 2002).  Nickell (1981) proves 

that combining a fixed effects model with a dynamic element causes a 

downward bias in the results. Mundlak (1978) and Chamberlain (1984) 

relax this assumption thereby allowing for a correlated random effect. This 

method suggests specifying that the unobserved effect for individual i is 

partially dependent on a function of Xit, such as the average for the 

                                                 
24

 An example here of unobserved heterogeneity might be family history of breast cancer 

which is not captured in the BHPS, which would affect a woman’s decision to screen in the 

long-run not just in the observed years. This effect could be attributed to past behaviour if 

not controlled for. 
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individual, Xi(µit= Xi α+ ζi).  This Mundlak approach allows us to take 

account of correlation occurring between unobserved individual 

heterogeneity and individual characteristics. These averaged terms control 

for the unobserved individual heterogeneity that is correlated with the 

independent terms in the model and for this reason are not interpretable, 

although if statistically significant they indicate unobserved heterogeneity is 

present in the model and would provide biased estimates if it was not 

controlled for. This approach is widely used within the economic literature 

and panel analysis to successfully obtain unbiased estimates (Sabates and 

Feinstein, 2008, Hynes and Garvey, 2009, O'Neill and Hanrahan, 2011).  

 

Following Wooldridge (2005), to allow for possible correlation between the 

time invariant unobserved term, μi and the explanatory variables as well as 

the initial conditions problem we further specify μi as: 

                                                           (4.3) 

Where     is the individual mean of logged income. The observed binary 

participation decision in breast screening Yit is then: 

      
        

   

        
   

                                                   (4.4) 

The model is estimated using Maximum Likelihood and, in line with 

(Wooldridge, 2005), is applied to the balanced portion of the dataset i.e. the 

women present in all years of the panel series. Wooldridge (2005), details 

the use of a random effects probit model, with Mundlak terms, to control 

for the influence of unobserved time invariant variables. Using this 

approach takes account of the dynamic nature of screening and avoids an 

overestimation of the effect of explanatory variables. While other dynamic 

estimators exist, such as the fixed effects logit, these would result in 

significant loss of information dropping women that never screen.  
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The income variables included in the BHPS are individual and household; 

the latter is equivalised (that is adjusted to take account of household size 

which captures family resources which the woman can draw on rather than 

just her own, especially if there is more than one adult present in the 

household). Many previous analyses to determine the role of income 

included only equivalised household income as an explanatory variable 

which may be correlated with socio-economic class whereas individual 

income may capture the opportunity cost of time of the woman thereby 

affecting her decision to screen, thus capturing different elements which 

may affect the woman’s decision to screen, such as the women being able 

to draw on family resources rather than just her own. In order to distinguish 

between the two effects two models are included in this analysis, one with 

equivalised household income and the other with individual income. To 

allow for correlation between the included continuous variable (logged 

equivalised household income or logged individual household income) and 

the random effects, the average of logged income is included thereby 

partitioning income into a permanent and a transitory component. The 

permanent component, as captured by the average income for the fifteen 

years, is included in the model as the Mundlak term, and the transitory 

component is included as income. If time invariant unobserved variables 

(such as worry) are related to income, these influences will be captured by 

the coefficient on mean income, leading to an improved estimate of the 

effect of income based on the transitory component of income (Mundlak, 

1978). 

 

Given the non-linear nature of the model, that is the dependent variable is if 

the woman screens or not, the impact of a change in a particular variable on 

an individual’s likelihood of screening will depend on the values of the 

individual’s other covariates as well as on the individual’s unobserved 

heterogeneity. A probit model is used in this analysis and results presented 

are average partial effects (APE), i.e. the partial effect averaged across the 
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population. The main difference between marginal effects at the mean and 

APE is that marginal effects for probit variable k are: 

                                                                      (4.5) 

with x kept at the sample average values. The APE instead gets a marginal 

effect using each person’s x: 

                                                                        (4.6) 

then takes the average to estimate the APE.  

Wooldridge (2010) recommends the use of APE’s when estimating a binary 

response RE probit model because it takes into account movement across 

the entire sample. To obtain a single ‘effect’ the partial effects across the 

distribution of the covariates in the sample are averaged, i.e. calculate a 

partial effect for each individual and then average these across all of the 

individuals to get the (APE).To assess the sensitivity of results to the use of 

a balanced panel in which a large number of observations are discarded, a 

model using the full sample is also estimated.  

 

4.5.3 Data 

Data were taken from the British Household Panel Survey (BHPS) between 

1991 and 2008. The BHPS dataset consists of approximately 127,000 

observations on approximately 5,500 households drawn from across Britain 

using a stratified random sampling approach. The balanced sub-panel used 

in this analysis was based on the 1,997 women present for all 18 years. The 

flow diagram in Figure 3-1 below offers details on how the final sample 

was obtained. As women may have undergone screening outside of the 

NHS programme for which, as noted, an age based eligibility criterion 

exists, respondents were categorised into four groups that included those 

outside the eligible age range, those aged 16-49, those aged 50-64 (the 

reference group and the group targeted by the NHS breast screening 

programme), those aged 65-70, and those older than seventy. Figure 4-1 
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illustrates how the final model included in the analyses in this chapter was 

arrived at.  

 

Figure: 4-1: Flow diagram detailing how the final sample size was 

arrived at 

                        

 

Other data collected as part of the survey included individual income, 

annual equivalised household income, self-reported health status, 

geographic region, educational attainment, use of other health services and 

marital status; factors based on previous analyses of screening that one 

might expect to impact on screening uptake (Moser et al., 2009; Walsh et 

al., 2010; Walsh et al., 2011). Self-reported health status as well as use of 

health services was captured in the survey using categorical variables. With 

respect to health, respondents could report being in very poor, poor, fair, 

good and excellent health. With respect to use of GP services respondents 
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could similarly choose between a range of categories reflecting different 

frequencies of contact. Highest educational attainment was categorised as 

third level, upper secondary, lower secondary or none of these. As uptake 

may be influenced by different cultural norms in different parts of the 

country, the region in which the respondent resided was also examined. 

Britain is divided into six regions for the purposes of this analysis, North 

England, South England, Midlands, Wales and Scotland with London as the 

base category. Marital status was modelled, as was whether or not the 

woman had a child under age sixteen. In this analysis, age is divided into 

four categories, those aged 16-49, those falling into the age group of those 

eligible for  screening across all years 50-64, those eligible for screening as 

introduced in the National cancer plan 2000 (Department of Health, 2000) 

55-70 and those older than seventy, who for efficiency reason should never 

undergo screening for breast cancer
25

. These age categories are included in 

order to determine if age has an effect on the likelihood of attending 

screening and if so do these age groups correspond to the recommendations 

that are outlined by the NHS. A logged version of individual annual 

income, adjusted for yearly inflation, was included in model one and 

equivalised household income logged is included in the second model to 

determine if the effect of household income is different to the effect of 

individual income. Individual income may capture a slightly different effect 

then household income, for example time constraints of the women would 

be captured more effectively with individual income than may be the case 

with household income. The Mundlak term included for income is the 

average of logged income per individual adjusted for inflation up to 2009
26

.  

                                                 
25

 Age, age squared  and age cubed were included as a continuous variable in earlier 

versions of the model, however for interpretation purposes age was included as categorical 

in the final version presented here.  

26
Mundlak terms were also included for education, age, marital status, smoker, self-reported 

health and number of GP visits. None were found to be statistically significant and 

therefore were omitted from the  final model as there is no unobserved heterogeneity 

associated with these variables  



 

 

98 

 

Number of GP visits per year is grouped in to none, one or two, three to 

five, six to ten or more than ten to establish if women that engage with the 

health system are more or less likely to attend screening. Self-reported 

health status ranging from excellent to very poor is included. Educational 

attainment ranging from primary to third level is also included in the model 

as an explanatory variable as given its possible correlation with income it is 

important to separate the two to establish their true impact on screening 

attendance. Marital status categories are included and whether or not the 

woman has a child under age sixteen, which may give indications of time 

preferences of the woman. 

 

Non-linear relationships between age and service use were explored using 

polynomial and categorical specifications of age. The categorical age 

variables were included in the final model because of the ease of 

interpretation. Including the age in the model as different forms  had no 

effect on other results presented here and there was no loss of explanatory 

power as a result of including age as a categorical variable as oppose to any 

other  form.   

 

Table 4-1: Variable Description 

Variable  Definition 

Educational 

Attainment 

Individuals were questioned as to the highest level 

of educational attainment 

(1) None of these Primary level education or other.  

(2) Lower Secondary O levels or CSE 

(3) Upper Secondary A levels 

(4) Third level 

Education 

Higher level degree, 1st degree, Higher National 

Diploma, Higher National Certificate or Teaching 

qualification  
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Variable  Definition 

Self- reported Health 

Status 

BHPS enquired as to how the individual would 

describe their health over the previous 12  months 

(1) Excellent An individual reports it to be excellent 

(2) Good An individual reports it to be good 

(3) Fair An individual reports it to be fair 

(4) Poor An individual reports it to be poor 

(5) Very poor An individual reports it to be very poor 

Number of GP Visits 
The individual was asked how many times she 

visited her GP throughout the previous 12 months 

(1) None 
The individual did not visit her GP during the 

previous 12 months 

(2) One or two 
The individual visited her GP one or two times 

during the previous 12 months 

(3) Three to five 
The individual visited her GP three to five times 

during the previous 12 months 

(4) Six to ten 
The individual visited her GP six to ten times 

during the previous 12  months 

(5) More than 10 
The individual visited her GP more than 10 times 

over course of the previous 12 months 

Marital Status What is the individuals current legal marital status 

(1) Married The individual is presently married 

(2) Separated The individual is presently separated 

(3) Divorced The individual is presently divorced 

(4) Widowed The individual is presently widowed 

(5) Never married The individual never married 

Dependent aged      

under 16 

The BHPS asked if the respondent was responsible 

for a child ages under 16 

(1) Yes 
The respondent was responsible for a child aged 

under 16 in the previous 12 months 

(2) No 
The respondent was not responsible for a child 

aged under 16 in the previous 12 months 

Age Category Age at date of interview 

(1) 16-49 
The individual was aged between 16 and 49 at the 

date of the interview 

(2) 50-64 The individual was aged between 50 and 64 at the 
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Variable  Definition 

date of the interview 

(3) 65-70 
The individual was aged between 65 and 70 at the 

date of the interview 

(4) 71+ 
The individual was aged 71 or older at the date of 

interview 

Smoker  
The respondent was asked if they were a smoker or 

not 

(1) No 
The respondent does not consider themselves to be 

a smoker 

(2) Yes The respondent classes herself as a smoker 

Region
27

 
The respondent was asked in which government 

office region they lived. 

(1) London 
The respondent lived in the London government 

office region 

(2) North England 

The respondent lived in the North East, North West 

or the Yorkshire and Humber government office 

region 

(3) South England 
The respondent lived in the South East or South 

West government office regions 

(4) Midlands 

The respondent lived in the East Midlands, West 

Midlands or East of England government office 

regions 

(5) Wales The respondent lived in Wales 

(6) Scotland The respondent lived in Scotland 

Equivalised Annual 

Household Income 

Total annual household income, this is equivalised 

using McClements equivalisation scale and 

adjusted for inflation to 2009 levels using the CPI 

Index 

Annual Individual 

Income 

Each respondent was asked what their annual 

income was over the previous 12 months. This was 

adjusted for inflation to 2009 levels using the CPI 

Index 

                                                 

27
 The regions were also included individually in other versions of the model. These were 

not significant so they were grouped together to cover wider areas which are then included 

in the final model. 
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Variable  Definition 

Breast Screen 
The respondent was asked if they had attended for 

a breast screen over the previous 12 months 

(1) No 
The respondent did not attend a breast screen in the 

previous 12  months 

(2) Yes 
The respondent had attended a breast screen in the 

previous 12  months 

 

Three lagged variables are included to capture the likelihood of attendance 

in any given year on given attendance in any of the previous three years, 

this is because women are typically called for screening every three years.  

The second model includes all the same variables as the first with the 

exception of equivalised household annual income in place of individual 

annual income. Table 4-1 below gives a detailed description of each 

variable included in this analysis. 

 

4.6 Results 

Table 4-2 and Table 4-3 below present descriptive statistics for the samples. 

The uptake of breast screening varies within the sample across a range of 

variables, including educational attainment, geographic location and self-

reported health status. Due to the fact that the methods used require a 

balanced panel both samples are slightly different due to differences in 

individual responses for household income and individual income. Hence 

descriptive statistics for both are presented here. 
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Table 4-2: Descriptive statistics: Individual income sample 

 

 

  

Proportion attending 

breast screen by year 

Min 

14% 

Max 

21% 

 Mean 

equivalised 

income 

Mean 
€12,541 

St. Dev 
€13,162 

Variable: 

% of 

obs. 

% 

that 

screen Variable: % of obs. 

% that 

screen 

Educational attainment   
Self-reported 

health    

Third Level 18% 13% Excellent  21% 12% 

Upper Secondary 14% 11% Good 48% 14% 

Lower Secondary 35% 12% Fair 22% 15% 

Primary 33% 18% Poor 7% 18% 

Age category   Very Poor  2% 18% 

16-49 53% 13% Marital status   

50-64 28% 11% Married 66% 16% 

65-70 8% 12% Separated 2% 9% 

71+ 11% 18% Divorced 10% 15% 

Smoker   Widowed 9.5% 12% 

Yes 22% 13% Never Married 12.5% 6% 

No  78% 15% Have child <16    

Region   Yes 32% 6% 

London    8% 15% No  68% 18% 

North England 27% 14% No. of GP visits   

South England 27% 15% None 20% 10% 

Midlands 24% 14% One or Two 36% 14% 

Wales 6% 14% Three to Five 23% 16% 

Scotland 8% 14% Six to Ten 12% 17% 

    More Than 10 9%  17% 
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Table 4-3: Descriptive statistics: Equivalised household income sample 

Proportion attending  

breast screen by year 

Min 
12% 

Max 
17% 

 
Mean equivalised 

income 

Mean 
€24,911 

St. Dev 
€20,130 

Variable: 

% 

of 

obs. 

% 

that 

screen Variable: 

% of 

obs. 

% that 

screen 

Educational 

attainment   Self-reported health    

Third Level 18% 14% Excellent  20% 12% 

Upper Secondary 14% 12% Good 48% 15% 

Lower Secondary 34% 13% Fair 23% 15% 

Primary 34% 18% Poor 7% 18% 

Age category   Very Poor  2% 17% 

16-49 50% 5% Marital status   

50-64 30% 34% Married 66% 16% 

65-70 8% 17% Separated 2% 10% 

71+ 12% 4% Divorced 11% 16% 

Smoker   Widowed 10% 11% 

Yes 21% 13% Never Married 11% 6% 

No  79% 15% Have child <16    

Region   Yes 32% 18% 

London    8% 15% No  68% 6% 

North England 27% 15% No. of GP visits   

South England 27% 15% None 20% 10% 

Midlands 24% 14% One or Two 36% 14% 

Wales 6% 14% Three to Five 24% 16% 

Scotland 8% 13% Six to Ten 12% 17% 

   More Than 10 8%  18% 

Table 4-4 below presents the results from the dynamic probit model 

obtained using the balanced sub-panel with individual income. The 

balanced results are considered to be more reliable since they fulfil the 

assumptions of the estimator proposed by Wooldridge (2005) and 

subsequent discussion, unless stated otherwise, relates on these. The two 

models, that is the individual income model and the equivalised household 

income model, give quite similar estimates albeit with some differences in 

the level of significance although the standard errors from the balanced 

probit should be superior as the likelihood function on which they are based 

assumes a balanced dataset.  
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Table 4-4: Average partial effects with individual income from 

dynamic probit model using balanced sub-panel 

Variable N 

29,955 

Average 

partial effect 

(Standard 

error) 

Variable N 

29,955 

Average 

partial 

effect 

(Standard 

error) 

Base Category: 0 

GP visits 

5,878 N/A 1st lag 4,234 0.018*** 

(0.005) 

1-2 GP visits 10,847 0.035*** 

(0.005) 

2nd lag 4,146 -0.010** 

(0.004) 

3-5 GP visits 7,043 0.042*** 

(-0.005) 

3rd lag 4,094 0.143*** 

(0.007) 

6-10 GP visits 3,575 0.053*** 

(0.007) 

1st initial condition 4,005 0.023*** 

(0.007) 

More than 10 GP 

visits 

2,612 0.061*** 

(0.009) 

2nd initial condition 3,900 0.001 

(0.006) 

Base Category: 

Pre 2005: Aged 

50-64 

5,604 N/A 3rd initial condition 3,795 0.021*** 

(0.007) 

Pre 2005:Aged 

16-49  

11,029 -0.215*** 

(0.009)    

Income 29,955 -0.003 

(0.002) 

Pre 2005:Aged 

65-70  

1,521  -0.160*** 

(0.010)    

Income Mundlak term 29,955 0.005* 

(0.002) 

Pre 2005:Aged 

70+  

1,816 -0.226*** 

(0.009)    
Base Category:  
Excellent 

5,955 N/A 

Post 2005: Aged 

16-49 

3,241   -0.213***   

(0.010) 

Health status: Good 14,398 0.005 

(0.003) 

Post 2005: Aged 

50-64  

3,893 0.002 

(0.011) 

Health status: Fair 6,847 0.002 

(0.006) 

Post 2005: Aged 

65-70 

964 -0.112***   

(0.015) 

Health status: Poor 2,186 0.010 

(0.008) 

Post 2005: Aged 

70+  

1,887 -0.227***   

(0.011) 

Health Status: Very 

poor 

569 -0.009 

(0.013) 

Dependent aged 

under 16 

9,372 -0.014** 

(0.006) 

Smoker 6,310 0.0002 

(0.005) 

Base Category: 
Married 

19,781 N/A Base Category: 
London 

2,261 N/A 

Separated 542 -0.021 

(0.015) 

North England 8,233 -0.001 

(0.009) 

Divorced  3,199 -0.021*** 

(0.007) 

South England 8,177 -0.003 

(0.009) 

Widowed 3,054 -0.008 

(0.007) 

Midlands 7,199 -0.008 

(0.009) 

Never married 3,379 -0.04*** 

(0.007) Wales 

1,684 -0.006 

(0.013) 

Base Category: 
Primary level 

Education 

10,245 N/A Scotland 2,401 -0.008 

(0.011) 

Lower Secondary 10,188 0.004 

(0.006) 
* 90% significance 

** 95% significance 

*** 99% significance                                                                                                                                             

numbers in parenthesis are standard errors 

Upper Secondary 4,010 0.015* 

(0.008) 

Third Level  5,512 0.01 

(0.007) 
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Discussion will centre on the income effect both because of ongoing debate 

as to its role and because of its relationship to inequality but in the interests 

of completeness other significant findings are outlined here. As expected 

age has a significant impact on screening uptake with those aged 50-64 

(base group) having the highest probability of attending for screening, 

consistent with the screening policy in the earlier part of the screening 

programme. Following the programme expansion, women aged 65-70 were 

more likely to screen than they had been in the previous time period but are 

still significantly less likely to screen than the 50-64 age group. APEs are 

presented for each age group pre-2005 and post-2005 to allow differential 

screening rates following the expansion of the universal screening 

programme as detailed in chapter two. Women in all other age categories 

are less likely to screen than those aged 50-64.  

 

Pre-2005, women aged 16-49 were 22 percentage points less likely to 

screen, women aged 65-70 were 16 percentage points less likely to screen 

and women aged 71 and older were approximately 23 percentage points less 

likely to screen than the 50-64 age group. Post-2005, women aged 65-70 

are almost 5 percentage points more likely to attend screening than they 

were prior to the expansion of the programme (significant at the 1% level of 

significance), albeit they remain 11 percentage points less likely to attend 

than an otherwise identical woman in the 50-64 age group. Whilst a 5 

percentage point difference may appear negligible at first glance, it should 

be noted that only approximately 11% of the sample in this age group pre-

2005 attended for screening so a 5 percentage point increase is relatively 

large. This is the only age category that exhibits a significantly different 

screening rate post-2005. 

 

Self-reported health status has little impact on screening attendance. 

Interestingly, having visited the GP in the preceding 12 months is 

associated with an increase in the probability of screening ranging from 3 
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percentage points for 1-3 GP visits to 6 percentage points for over 10 GP 

visits.  

 

Family status appears to influence screening behaviour with women with 

children aged under 16, one and a half percentage points less likely to 

attend for screening than those without children suggesting that the 

opportunity cost of attending screening for these women is higher than 

women without dependents aged under 16. Women that have never married 

and women that are divorced are respectively 4 percentage points and 2 

percentage points less likely to screen relative to married women. Women 

that are widowed or separated are as likely to attend screening as married 

women, implying ‘pester power’ from the woman’s spouse or the 

opportunity cost of attending screening for these women is reduced due to 

the ability to share other household chores than for women without a 

spouse/partner. 

 

Education level does not appear to be a strong driver of screening behaviour 

with only upper secondary education leading to increased screening relative 

to women with primary education. Whilst the Mundlak term for income is 

positive and weakly significant, the APE for the log of equivalised income 

is negative and insignificant, suggesting that unobserved time invariant 

variables related to income may have a weak influence on screening, but 

that income per se does not. Time invariant factors associated with income 

are things such as health literacy, time preference, and attitude to risk. 

Relating back to findings in chapter 2, many of these are likely to be linked 

to socio-economic status. Health literacy for example, is most likely linked 

to education, thereby most concentrated among higher earners.  (In the 

unbalanced panel, income is significant however the coefficient is relatively 

small (0.002) in comparison to other variables– for an individual earning 

£100,000, the log of income is only about 11.5 so the effect here would be a 

0.023 (i.e 11.5*0.002) percentage point reduction in the probability of 
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screening compared to a women with no income. The average partial 

effects for the unbalanced sub-panel model are presented in Appendix 9.2.) 

Income is not significant however the Mundlak is which implies that 

unobserved heterogeneity associated with income influences screening 

attendance.  

 

As anticipated it is found that women are more likely to attend screening if 

they have attended three years ago or in the previous year and are less likely 

to screen if they screened two years previously. 

 

The initial conditions variables for the first and third years are significant 

suggesting some of the persistence in screening behaviour is due to 

unobserved characteristics. Ignoring the initial screening behaviour would 

thus result in an overstatement of the extent to which past screening 

matters.  

 

Those who smoke are no more likely to attend than those who don’t, 

(despite evidence to suggest that smokers, post-menopause, have a 16 

percent higher chance of contracting the disease (Luo et al., 2011b)). There 

appears to be little variation in screening behaviour across regions.   

 

Table 4-5 presents results from the model which substitutes equivalised 

household income for individual income. Overall the results remain largely 

unchanged. Interestingly income remains unchanged in both versions of the 

model, however the effect of the Mundlak term is doubled in the 

equivalised income model indicating that this version of income captures 

more of the unobserved effect of decision to screen than individual income. 

Again relating back to unobserved time invariant effects such as social 

support or health literacy, these effects are more likely to have more 

influence in households with more than one adult. Also time preference 
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effects are likely to be linked to perceived longevity which is likely to have 

a reinforcing health affect when viewed from within the context of the 

household.  

 

If the woman is divorced, the likelihood of her attending has increased by 

0.3 percentage points, with the significance level reducing to 95 per cent, in 

the model where equivalised household income is included. In the model 

with individual income women with upper secondary level were more 

likely to attend screening than women with primary level education at the 

90 per cent significance level, this effect however drops out when 

equivalised household income is substituted into the model.  
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Table 4-5: Average partial effects with equivalised household income 

from dynamic probit model using balanced sub-panel 

Equivalised 

Household Income Balanced  

Equivalised 

Household 

Income Balanced 

 

Average 

Partial Effect 

(Standard  

Error) 

N = 

30,570 

  

Average 

Partial 

Effect 

(Standard  

Error) 

N = 

30,570 

 

Base Category: 0 GP visits 5,992    

1-2 GP visits 

0.034*** 

(-0.005) 11,062 1st lag 

0.018*** 

(-0.005) 4,871 

3-5 GP visits 

0.043*** 

(-0.005) 7,206 2nd lag 

-0.011** 

 (-0.004) 4,519 

6-9 GP visits 

0.054*** 

(-0.007) 3,644 3rd lag 

0.142*** 

(-0.007) 4,191 

10 or more GP 

visits 

0.060*** 

(-0.009) 2,666 

1st initial 

condition 

0.025*** 

(-0.007) 4,932 

Base Category: Pre 2005: Aged 50-64 

 

 

5,724 

2nd initial 

condition 

0.001 

(-0.007) 4,734 

Pre 2005: Aged 16-

49 

-0.216*** 

(-0.009) 11,303 

3rd initial 

condition 

0.022*** 

(-0.007) 4,644 

Pre 2005: Aged 65-

70 

-0.159*** 

(-0.01) 977 Income 

0.005 

(-0.004) 30,570 

Pre 2005: Aged 70+ 

-0.224*** 

(-0.009) 1,819 

Income 

Mundlak Term 

0.012* 

(-0.007) 30,570 

Post 2005: Aged 16-

49 

-0.216*** 

(-0.01) 4,000 Base Category: Excellent 6,094  
Post 2005: Aged 50-

64 

0.002 

(-0.011) 3,317 

Health status: 

Good 

0.007 

(-0.005) 14,686 

Post 2005: Aged 65-

70 

-0.112*** 

(-0.015) 977 

Health Status: 

Fair 

0.004 

(-0.006) 6,985 

Post 2005: Aged 

70+ 

-0.228*** 

(-0.011) 1,896 

Health status: 

Poor 

0.011 

(-0.009) 2,231 

Dependent aged 

under 16 

-0.011* 

(-0.006) 9,647 

Health status: 

Very Poor 

-0.008 

(-0.013) 574 

Base Category: Married 

 

 

20,235 Smoker 

-0.002 

(-0.006) 6,466 

Separated 

-0.01 

(-0.016) 555 Base Category: London 2,890 

Divorced 

-0.018** 

(-0.008) 3,264 North England 

-0.001 

(-0.009) 10,032 

Widowed 

0.003 

(-0.007) 3,054 South England 

-0.003 

(-0.009) 9,950 

Never Married 

-0.038*** 

(-0.007) 3,462 Midlands 

-0.009 

(-0.009) 8,864 

Base Category: Primary level 

Education 10,380 Wales 

-0.006 

(-0.013) 2,002 

Lower Secondary 

0.002 

(-0.006) 10,353 Scotland 

-0.009 

(-0.011) 2,940 

Upper Secondary 

0.013 

(-0.008) 4,131 * 90% significance, ** 95% 

significance, *** 99% significance, 

numbers in parenthesis are standard 

errors.  Third level 

0.002 

(-0.007) 5,706 
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4.7 Discussion 

A number of findings emerge from these results that warrant comment. 

First and with specific reference to the lack of consensus on the role of 

income and socio-economic status in previous work, this study provides 

arguably more robust evidence than previously available that in the UK 

income does not influence uptake. This may in part be due to the fact that 

screening in the UK does not entail out of pocket expenditures and hence 

issues linked to inability to pay may not serve as a deterrent to uptake in 

this context. The fact that the screening programme is in place for a number 

of years may also impact screening uptake as the fear factor associated with 

attendance which may have varied across groups differentiated by income 

may have reduced over time. That the results are also robust to the manner 

in which income is included (e.g. equivalised household income, individual 

income, in quadratic form, winsorized or in quartiles) gives further 

assurance to this finding and given the publicly funded nature of the 

programme must be reassuring to policy makers interested in equity of 

access. Equivalised household income accounts for household size by 

assigning a weight to each individual in the household dependent on age. 

The methods deployed in this paper allow the ascertainment of these 

relationships with greater certainty than has hitherto been the case given our 

ability to control for unobserved heterogeneity both through the use of 

panel analysis and the use of approaches designed to control for initial state 

and correlation with the time invariant unobserved variables. The 

coefficient attached to the Mundlak term doubles in the model with 

equivalised household income. This effect is not surprising given the 

somewhat greater complexity of the elements included in the make-up of 

equivalised income that are not present in individual income, such as family 

size, disposable income or the opportunity cost of attending a screen. This 

is the main difference between the two versions of the model. All the other 

effects are very similar. The results suggest that, overall, screening follows 

the pattern one would expect given the operation of the screening 

programme on the basis of equal access for equal need. A universal breast 
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screening programme that is organised and recommended to certain cohorts 

within the population reduces significantly the costs to women in terms of 

processing information on the possible personal benefits of screening and of 

organising a screen, both of which help to reduce the burden and makes the 

system more accessible, this effect may be particularly relevant to less 

educated women.  

 

It is also evident that the organised population based system in place in the 

UK, reduces the costs to women. This is evident by the fact that income 

does not play a significant role in screening attendance. In policy terms the 

system design is successful in reducing inequality in uptake than might be 

evident in a system where opportunistic screening is in place. This type of a 

system also improves efficiency. In an opportunistic screening system, 

women may present for screening annually where it is cost effective to 

screen every three years, and it would be more likely to have a situation 

where the ‘worried well’ are presenting for screening on a yearly basis 

unnecessarily likely generating lower throughput. By standardising the 

system there are two main benefits evident, first equity of access is 

promoted, granting access to a higher proportion of women thereby 

reducing inequality in the system in terms of others being crowded-out, and 

second, the system is more efficient by way of avoiding unnecessary 

screening.  

 

Second, the modelling approach adopted, identifies a role for state 

dependence – a legacy effect – and suggests that failure to allow for this 

may not only result in model misspecification but a missed opportunity to 

inform policy on screening. While it may be that there are a group of 

women who simply do not for whatever reason wish to engage with 

screening – i.e. observing a selection effect – our results suggest that an 

initial failure to engage with the programme raises barriers that deter 

women from engaging in future cycles; women may for example fear being 
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judged by those who operate the programme for not having attended 

screening in the past or having survived without a screen revise their 

individual assessment of risk and thus benefits of screening downward. 

Whatever the individual rationale, the results clearly demonstrate the 

importance of the first contact between women and the screening 

programme. This suggests that focusing greater effort and thought on the 

initial contact may pay disproportionate dividends in terms of future 

screening behaviour. Tailored promotional messages, more persistent re-

call or other methods of supporting women in this initial contact, even if it 

means reallocating resources from re-call in subsequent cycles may, for 

example, be worth considering implying that first impressions clearly last. 

It is unclear here what the true underlying cause for this routine non-

attendance (or attendance) to breast screening may be. It may be a case of 

first impressions last, or it may be that a certain type of woman is going to 

attend for her screen at the clinically recommended interval, while attending 

her GP for her regular check-ups and being generally more health 

conscious. Other reasons may equally explain observed behaviours such as 

risk aversion and how these changes as repeated choices are made.   

 

Third the result suggests the importance of the GP in the operation of the 

health care system more broadly. That those who attended their GP are 

significantly more likely to attend screening, underscores, for example, the 

importance of the GP as a gatekeeper to and co-ordinator of use of those 

services. It may also be an indication that women that visit the GP more 

often have a higher preference for health. The importance of the gate 

keeping function in cost containment has been discussed extensively in the 

literature (Scott, 2000) and its role in this regard and in the co-ordination of 

care highlighted both by the World Health Organization (Atun, 2004) and 

by the European Commission (Joint Report on Health Systems prepared by 

the European Commission and the Economic Policy Committee (AWG), 

December 2010). These results add further support to the view that the GP 
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has a central role to play in informing the use of other services deemed 

integral in this case to the cancer control strategy in the UK. As stated 

above, the true underlying reason for this finding though unsurprising given 

its coverage in the literature, is unclear. GP attendance implies that the 

women is engaged with the health system and has certain tastes for health 

care. Perhaps the GP encourages women to attend therefore making them 

more likely to engage in the screening programme or the woman is more 

aware of health issues as a result of her attendance at her GP.  

 

Fourth, the expansion of the programme to include older women appears to 

have been effective in terms of producing an increase in uptake among this 

group. While uptake rates do not appear to have increased to match those of 

younger women, this may be explained by the shorter time period over 

which older women might be expected to enjoy the benefits of screening. 

That the increase occurred and appears to be confined to the age group 

targeted i.e. does not extend to non-targeted age groups, though must again 

give some comfort to decision makers on the impact of screening policies. 

 

The study has demonstrated the utility of a modelling approach widely used 

elsewhere that has the attractive feature of being readily estimated using in 

built routines in software packages such as Stata 12. 

 

Finally, this empirical analysis found no evidence of income-related 

inequality, either individual or equivalised household income, but this is 

just the first piece of the puzzle. Given the complex nature of the care 

pathway there are other nodes along the way in which inequality may be 

introduced. While within a publicly funded healthcare system which 

provides free healthcare to all, such as the one in existence in the UK - with 

equality of access as one of its core founding principles - one would not 

expect inequality to play a significant role in the treatment stage of the care 



 

 

114 

 

pathway this is an empirical issue. Following a breast cancer diagnosis the 

next step is the initiation of treatment where inequalities could manifest. 

The next chapter investigates inequality in the next stage of the care 

pathway, which is the interval between breast cancer diagnosis and 

initiation of treatment for women diagnosed with breast cancer using data 

from the Northern Ireland Cancer Registry (NICR).  

 

4.8 Conclusion 

While the role of breast cancer screening as part of a cancer control strategy 

is the subject of ongoing discussion (Gøtzsche and Nielsen, 2011) it 

remains part of the strategy adopted in the UK. In this context 

understanding and addressing (where appropriate) variations in uptake, 

remains important in addressing inequalities in care use and the 

implications these may have for cost, and outcomes including the anxiety 

felt by women. This chapter demonstrates that income-related inequalities 

do not exist and that failure to account for the legacy created by past 

screening choices may not only result in mis-specification of the utilization 

function but may see policy makers expend efforts aimed at engaging with 

potential users that are sub-optimal. Within a context in which access to 

services based on need rather than ability to pay is extolled, however, that 

no role was found for income in explaining variations in uptake is 

significant and no doubt reassuring for policy makers. Importantly, for 

policy makers this research highlights that an organised system of breast 

cancer screening can reduce inequality and increase efficiency by avoiding 

screening attendance outside of the recommended intervals.  

 

The next chapter investigates the effect of private health insurance on the 

interval between diagnosis and initiation of treatment for breast cancer in 

Northern Ireland for all women diagnosed with breast cancer in 2006. 
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Chapter six investigates the role screening has on the timely identification 

of cancer by way of six year survival across a five year time period. 
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5.1 Introduction 

As previously outlined in Chapter 1, breast cancer incidence rates have 

risen in Britain over the past 40 years from 73.8 per 100,000 women in 

1975 to 126.2 in 2010 (Cancer Research UK, 2013a). As the number of 

women with the disease has increased so too has pressure on the healthcare 

system to develop effective strategies in respect of its management.  

 

The previous chapter identified factors which determine uptake of breast 

screening in the UK, finding that income does not play a direct role. The 

chapter examines the stage of the care pathway following screening. The 

role of access to private care
28

 in the interval between diagnosis of breast 

cancer and initiation of treatment in Northern Ireland is examined.  

Individuals that use private health care may have different health tastes and 

preferences for health which may encourage them to argue for faster access. 

Importantly though that such individuals are able to make this demand 

effective by virtue of higher incomes becomes important and may give rise 

to inequalities along the care pathway.  

 

As mentioned in Chapter 1, while debate continues as to the role that should 

be accorded screening as part of the overall management strategy (Gøtzsche 

and Nielsen, 2011) early detection and treatment have been shown in a 

number of studies to be significant determinants of both cost and outcome 

(Will et al., 2000a, Groot et al., 2006, Taplin et al., 1995, Warren et al., 

                                                 
28

 Private care in this instance is taken to indicate either private insurance or out-of-pocket 

spending.  

5. The role of private health insurance in the 

interval between diagnosis and initiation of 

treatment in Northern Ireland 
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2002b). Previous work in the Republic of Ireland in respect of screening 

(Walsh et al., 2012) and in the US in respect of treatment (Freedman et al., 

2011, Ayanian et al., 1993, Wu et al., 2012) has demonstrated that 

possession of private medical insurance contributes to variations in uptake 

and services provided respectively. Similarly, work in the US in respect of 

outcomes has shown these to vary between public and private care facilities 

(Hershman et al., 2009). Evidence from the US also suggests that women in 

possession of private health insurance have a more favourable stage of 

disease at breast cancer diagnosis than non-insured women (Bradley et al., 

2002). While this may be expected in healthcare systems where there exists 

a significant role for private finance or provision (in the US and Ireland 

approximately 50% of the adult population hold private medical insurance) 

(DeNavas-Walt et al., 2011, Wiley, 2005) in systems where private finance 

and/or delivery of core services is the exception rather than the norm one 

might not expect policy makers to be as sanguine as to the existence of such 

differences or for such difference to be evident as a result. As healthcare 

budgets come under increasing pressure, so evidence of an apparent 

superiority of private medicine in contexts such as the UK may receive 

keen attention among policy makers struggling to provide quality services 

in an efficient manner. While evidence that delays in initiation of treatment 

are material in a clinical sense are mixed (Redaniel et al., 2013), that delays 

may well impact on anxiety levels among patients is evident (McLaughlin 

et al., 2012). The focus of this chapter are differences in the interval 

between diagnosis and initiation of care among private and public breast 

cancer patients in Northern Ireland diagnosed in 2006. Implications this 

may have for the commissioning of services are discussed.   

 

The sections of this chapter contain the following, section 5.2 details 

methods and data used in the analysis, section 5.3 presents the results, 

section 5.4 a discussion on the results and section 5.5 a conclusion to the 

analysis in this chapter.  
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5.2 Duration Analysis 

Duration analysis is used in this chapter to model the interval between date 

of a breast cancer diagnosis and initiation of treatment. In this approach the 

variable of interest is the length of time until a certain event occurs or until 

the measurement is taken (Greene, 2008). In the measurement of duration 

times there are three main approaches, non-parametric, parametric and 

semi-parametric. These differ mainly in the underlying assumptions 

regarding the baseline hazard function
29

. It should however be noted that 

proportional hazards are essential for accurate estimation and interpretation 

of a fitted proportional hazards model (Hosmer et al., 2008). This is an 

important assumption because it means that the ratio of hazard functions is 

constant over time, therefore the log hazards do not depend on time. A 

more formal discussion of this material is presented below. 

 

A number of models were investigated for use in this analysis, parametric 

models explored were exponential, gamma, lognormal, log-logistic, 

Gompertz and Weibull; however the distribution here did not follow the 

distribution of the models when mapped for comparison. For this reason 

this analysis draws on a Cox’s Proportional Hazards Regression Model to 

examine whether women who were seen at any point of their cancer 

journey privately had a different interval between diagnosis and initiation of 

treatment, when other variables were controlled, than women who were 

dealt with entirely within the publicly funded system. This model has been 

widely used within the literature as a measure of survival and is used here 

because, as stated above, as there is no underlying assumption regarding the 

distribution of the baseline hazard function which is a necessity if using a 

parametric method (Lee and Wenyu Wang, 2013). 

                                                 
29

The baseline hazard function can be described as a generalisation of the intercept term 

found in parametric models (HOSMER, D. W., LEMESHOW, S. & MAY, S. 2008. 

Applied survival analysis: Regreession modelling of time-to-event data, New Jersey, John 

Wiley and Sons, Inc.) 
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The main interest of this analysis lies in the probability that a woman 

receiving a breast cancer diagnosis in Northern Ireland in 2006, will receive 

treatment at time t given the woman has not already initiated treatment in a 

previous time period.  

 

Let T be a non-negative continuous random variable, it is continuous as the 

time periods are measured in days, representing the length of a time period 

with a cumulative distribution function F(t) and a probability density 

function f(t). In duration analysis the hazard and survival functions are the 

key concepts which are based on the cumulative distribution function F(t) 

and the probability density function f(t). The cumulative distribution 

function F(t) is given as  

                                 (5.1) 

The survivor function S(t) gives the probability that the time period is at 

least of length t, which is also the probability of receiving treatment after 

time t. The survivor function is expressed as: 

                                         (5.2) 

The survival function equals one at t0 and strictly decreases towards zero as 

t goes to infinity.  

The hazard function is the probability of an event occurring in a given time 

period given that the event has not occurred in the previous time periods.  

             
                 

  
  

    

    
  (5.3) 

The hazard can also be defined in terms of the cumulative distribution 

function and the probability density function.  

      
    

      
      (5.4) 
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5.2.1 Kaplan Meier 

A nonparametric methods often used in the literature as a preliminary step 

to data analysis is the Kaplan Meier and is calculated using the following 

equation: 

        
     

  
      

     (5.6) 

Where    is the number of observations at risk of failure at time    and    is 

the number of failures or in this case the number of women initiating 

treatment, at time   . 

 

5.2.2 Cox’s Proportional Hazards Regression Model 

As mentioned this analysis uses Cox’s proportional hazards regression 

analysis to explore the factors that impact on interval times between 

diagnosis and initiation of treatment for women with a breast cancer 

diagnosis. This model asserts that the hazard rate for the jth subject in the 

data is 

                                                             (5.7) 

where the regression coefficients βx are estimated from the data,       is the 

relative risk score or the baseline hazard function and (xjβx) is the linear 

predictor. 

 

Women whose treatment was initiated on the same day as diagnosis were 

treated as having an interval between treatment and diagnosis of 1. 

Secondary analyses examines variation among public providers again using 

a Cox regression model (Cox, 1972). 
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5.2.3 Schoenfeld Residuals Test for Proportional Hazards 

The Proportional Hazards assumption for the Cox Regression Model is 

tested using Schoenfeld residuals (Schoenfeld, 1982). The method proposed 

by Schoenfeld, and further developed by Grambsch and Therneau (1994), 

are based on the individual contribution to the derivative of the log partial 

likelihood. The proportional hazards assumption characterises the model as 

a function of time, not of the covariates so that the estimated coefficients 

are based on the differences between two curves for example, x=0 and x=1, 

for each time period regardless of the complexity of the baseline hazard 

function. There have been a number of tests and procedures that have been 

suggested as effective measures of the proportional hazards assumption. 

One easily performed test for the proportional hazard assumption is the 

Schoenfeld residual. This measures the difference between the covariate for 

individual i and the weighted average of the covariates in the risk set for all 

individuals within the sample 

                      (5.8) 

Where       is a specified function of time. The Schoenfeld residual is 

defined as  

                      (5.9) 

Grambsch and Therneau  (1994) show that  

                                                   (5.10) 

Where G(t) is a p*p diagonal matrix with              and that the score 

test for            is equivalent to a generalised least squares test on the 

Schoenfeld residuals (Ng'andu, 1997). 

 

5.2.4 NICR 2006 Data 

Data for all women diagnosed with breast cancer in Northern Ireland in 

2006, were obtained from the Northern Ireland Cancer Registry (NICR). 
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The Registry is a state funded body that registers all cancer diagnoses in 

Northern Ireland and contains a range of data on the patient, their diagnosis 

and treatment. 951 women were recorded by the registry as being diagnosed 

with breast cancer in 2006. Data on 848
30

 women in the NICR were 

extracted for analysis. Data included details on the care provider (health and 

social care Trust) in which the woman was treated and whether a woman 

had a record of being diagnosed or treated at any stage of the care pathway 

privately. In addition, data on the cancer stage (I-IV), the woman’s age at 

diagnosis, the socio-economic deprivation score for the area in which she 

resided, whether she resided in a rural or urban area, whether or not she 

experienced co-morbid conditions and the number of symptoms 

experienced. Data on the source of the referral and the Trust where the 

woman presented were also extracted. Full details of all variables are 

presented in Table 5.1. The interval used here is the duration time between 

diagnosis of breast cancer and the initiation of any treatment. 

 

The variables presented in this study are based on data from the National 

Cancer Registry Northern Ireland from 2006. The data for approximately 

848 women from 2006 are analysed in this study. 

 

 

 

 

                                                 
30

51 observations were dropped from the analysis as there was a negative value for the 

number of days between date of diagnosis and commencement of treatment. Two outliers 

were excluded from the analysis as their treatments were significantly delayed due to other 

life limiting disease.  One related to a private patient with duration of 561 days, and another 

to a public patient with duration of 223 days. An additional 50 women were excluded as the 

stage at diagnosis was unknown and inclusion in the models violated the proportional 

hazards assumptions for the Cox Proportional Hazards Regression Model. 
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Table 5-1: Description of Variables for duration model 

Variable Definition 

Age                                      Age at which the woman was diagnosed with 

breast cancer  

Individual treated privately If the patient was treated in a private hospital 

at any stage along the diagnostic or treatment 

pathway 

Deprivation Score The deprivation score for the area in which 

the woman resided ranging from 1 the most 

deprived to 5 the least deprived 

Source of Referral Source of referral, including Action Cancer, 

GP referral, Breast Cancer Screening Unit, or 

other source if the woman presented outside 

these 3, such as cancer found during 

investigations or treatment for comorbidity or 

the patient referred herself to Accident and 

Emergency directly 

Stage at diagnosis The stage of the breast cancer at diagnosis, I-

IV 

Average number of 

symptoms 

This is the average number of symptoms the 

women experienced, such as breast pain, 

nipple discharge or inverted nipple.  

Have a comorbidity This is a binary variable that indicates if the 

woman has a comorbidity 

Area of residence If the women lived in an urban or rural area 

Trust of Presentation What Health and Social Care Trust (HSCT) 

the woman presented with breast cancer, 

Southern HSCT, Western, HSCT, Northern 

HSCT, Belfast HSCT, South Eastern HSCT, 

Breast screening unit (BSU), private 

  

 

To summarise, the hypothesis tested in this analysis is that women treated 

privately, anywhere along the treatment pathway, should not experience any 

significant difference compared to women treated publicly, in the interval 

between diagnosis of breast cancer and initiation of  treatment once a range 

of control variables are included. Assuming those diagnosed with cancer 

would prefer speedier rather than slower treatment, differences in the speed 
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with which women initiate treatment provides important information on the 

equity of the health care system. If women who use private care initiate 

treatment faster, ceteris paribus, it would provide evidence of inequality in 

respect of the speed with which women progressed along the care pathway 

related to their ability to access private healthcare. A number of control 

variables are included in the model, namely, age and stage at diagnosis, 

source of referral, community deprivation score (1-5) number of symptoms, 

comorbidities and area of residence. The second model presented below 

includes Trusts of presentation as a control variable which provides more 

detail on the Healthcare Trust for publicly treated women. 

  

5.3 Results 

Kaplan Meier survival estimates are contained in Figure 5-1 below and 

illustrates the distribution of the interval times experienced by women with 

breast cancer between diagnosis and initiation of treatment. A general 

indicator that the baseline hazards are proportionally distributed is if the 

Kaplan Meier estimated lines run parallel in the graph (Lee and Wenyu 

Wang, 2013). For example, Figure 5-1 below contains the distribution for 

the interval between diagnosis and initiation of treatment for private and 

public patients. The lines run parallel to each other indicating that the 

hazards are proportionally distributed. This assumption is tested following 

the estimation of the hazard ratios.   
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Figure 5-1: Distribution of intervals between diagnosis and initiation of 

treatment 

              

 

 

 

 

Table 5-2 descriptive statistics on a range of variables for women included 

in the Cox Proportional Hazards Regression Model are presented. 
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Table 5-2: Descriptive Statistics 

Variable 
% of obs N  Variable % of 

obs 

N 

    Stage at diagnosis: Stage 1 30.4% 258 

Age 41-50 20.6% 175 Stage 2 43.6% 370 

Age 51-55 11.4% 97 Stage3 19.6% 166 

Age 56-60 13.3% 113 Stage4 6.4% 54 

Age 60-65 12.3% 104 Average number of 

symptoms 

  2 

Age 66-70 8.4% 71 Deprivation Score : 

Most deprived (1) 

19.6% 166 

Age 71 or greater 27% 228 Quintile 2 19.3% 164 

Trust of 

Presentation: 

Breast Screening 

Unit 

16.8% 143 Quintile 3 18.8% 159 

 

 

Belfast HSCT 24.4% 207 Quintile 4 22.5% 191 

Northern HSCT 12.8% 109 Least Deprived (5) 19.8% 168 

Private 10.5% 89 Have a Comorbidity 72% 
612 

South Eastern 

HSCT 

12% 100 Source of Referral – GP 

Referral Source-Action 

Cancer 

74% 

2.% 

625 

19 
Southern HSCT 11.56% 102 

Western HSCT 11% 98 Referral Source-Breast 

Screening Unit 

Referral Source-Other 

17% 

6.9% 

143 

58 Area of Residence   

Urban 64% 542 

 

759 women were seen solely in public hospitals and 89 at some stage in 

private hospitals. The mean duration between diagnosis and initiation of 

treatment for women seen at some stage in private hospitals was 14 days 

and for those seen solely in publicly funded hospitals 19 days. The 

difference in the interval between diagnosis and initiation of treatment was 
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statistically significant before other variables were controlled for (p-value 

0.009). Differences in the percentages of private versus public patients in 

terms of the intervals between diagnosis and initiation of treatment are 

reported in Table 5-3 at various durations. 

 

Table 5-3: Duration between diagnosis of breast cancer and 

commencement of treatment 

Number of days between diagnosis and 

treatment of breast cancer 

Public Patients 

(N=759) 

Private Patients 

(N=89) 

Treatment initiated on same day 4% 5% 

Treatment initiated between 1 and 10 

days after diagnosis 

27% 41% 

Treatment initiated between 11 and 15 

days after diagnosis 

23% 20.5% 

Treatment initiated between 16 and 25 

days after diagnosis 

23.4% 20.5% 

Treatment initiated between 26and 75 

days after diagnosis 

22% 13% 

Treatment initiated between 76 and 

121 days after diagnosis 

0.6% 0% 

Average time between diagnosis and 

initiation of treatment 

19 days 14 days 

Median time between diagnosis and 

initiation of treatment 

15 days 12 days 

10
th
 Centile 

25
th
 Centile 9 days 6.5 days 

50
th
 Centile 15 days 12 days 

75
th
 Centile 24 days 18 days 

95
th
 Centile 48 days 33 days 
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Table 5-4: Trust of residence and Trust of presentation 

 

 

Trust of 

Residence 

Belfast  BSU Northern Private  South 

Easter

n 

Southe

rn 

Wes

tern  

Total 

Belfast 108 20 0 16 35 0 0 179 

Northern 53 36 123 28 5 4 4 253 

South 

Eastern 
57 26 1 30 76 0 0 190 

Southern 18 37 2 17 3 113 2 192 

Western 1 29 0 5 0 1 99 135 

Total 237 148 126 96 119 118 105 949
31

 

 

Table 5-4 shows the number of women in the dataset by Trust/hospital area 

in which they lived and the Trust in which they presented, for example 179 

women diagnosed with breast cancer in 2006 resided in the Belfast Trust 

area but 237 women presented through the Belfast Trust. As illustrated the 

Trust with the highest number opting for private healthcare is the South 

Eastern HSCT with the lowest number coming from the Western Trust. 

When examining these figures differences in population size between Trust 

areas should be born in mind. 

 

Figure 5-2 illustrates the variation in interval for both groups of patients. 

The Y axis represents the number of days between diagnosis and treatment; 

the whiskers plot the confidence interval. 

 

                                                 
31

 Trust of Presentation was not recorded for two women in the sample, they are not 

included in Table 5-4.  
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Figure 5-2: Interval Variation - Private and Public 

      

 

 

The results from Cox’s Proportional Hazards Regression Model which 

focuses on the distinction between public and private healthcare controlling 

for a range of variables – including age, stage, source of referral, co-morbid 

status and deprivation score - are presented in Table 5-5. Coefficients in the 

table may be interpreted as follows: if the coefficient is greater than 1 

treatment is likely to be initiated sooner after diagnosis; if the coefficient is 

less than one the interval between diagnosis and initiation of treatment is 

likely to be longer. As can be seen, controlling for confounding variables, 

women diagnosed or treated at any stage privately are likely to have a 

shorter interval between diagnosis and initiation of treatment than those 

whose diagnosis and treatment is wholly within the public system. The p-

value for the Schoenfeld Residual Test is presented at the end of the Table 

5-5 (Schoenfeld, 1982).  Obtaining a p-value greater than 0.05 indicates that 

the proportional hazards assumption for the Cox Regression Model is not 

violated which means that the results are not biased.   

 

 

 



 

 

130 

 

Table 5-5: Cox's Proportional Hazards Regression model output 

Variable N=845
32

 HAZARD RATIO Variable N=845 HAZARD 

RATIO 

Urban/Rural 1.045 

(0.075)
33

 

Have a Comorbidity 0.996 

(0.005) 
Base Category: 

Women aged under 40 
Base Category: 

Stage I 
Age 41-50 1.062 

(0.16) 

Stage II 1.04 

(0.082) 
Age 51-55 0.894 

(0.148) 

Stage III 1.025 

(0.108) 

Age 56-60 1.181 

(0.19) 

Stage IV 0.956 

(0.152) 
Age 60-65 1.033 

(0.169) 

Number of 

symptoms 
0.982 

(0.019) 
Age 66-70 1.126 

(0.211) 

Base Category: 

Most Deprived 

Age 71 or greater 1.154 

(0.17) 

Quintile 2 0.878 

(0.093) 
Base Category: 

GP referral 
Quintile 3 0.873 

(0.097) 
Breast Screening Unit 0.647*** 

(0.066) 

Quintile 4 0.839 

(0.09) 
Action Cancer 1.158 

(0.217) 

Least Deprived 1.116 

(0.123) 
Other 0.889 

(0.151) 

Individual seen 

privately at some 

stage along the 

treatment pathway 

1.358** 

(0.178) 

Schoenfeld Residual Test P-Value >0.05 

*=90% significance, **=95% significance, ***=99% significance 

 

Examining variations in the interval between diagnosis and initiation of 

treatment among providers reveals that on average the interval was 15 days 

for Belfast Health and Social Care Trust (HSCT )(n=207), 18 days for the 

Northern HSCT (n=109), 14 days for private hospitals (n=89) or the South-

Eastern HSCT n=(100), 25 days for the Southern HSCT (n=102), 19 days 

for the Western HSCT (n=98) and 24 days for the breast screening 

programme (n=143). This indicates wide variations among publicly funded 

                                                 
32

 Source of referral is unknown for 3 observations which are excluded from the Model 

displayed in Table 5.5. 
33

Numbers in parenthesis are standard errors 
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care providers. In Table 5-6 results of a Cox Regression that controls for 

individual Trusts are reported as well as coefficients for confounding 

variables. As can be seen while the coefficient on private hospitals remains 

significant so too is that on several of the publicly funded care providers. 

 

Table 5-6: Cox's Proportional Hazards Regression model output - 

Trust of presentation 

VARIABLE 

(N=848) 

HAZARD 

RATIO 
VARIABLE (N=848) HAZARD 

RATIO 

Urban/Rural 1.125 

(0.082)
34

 

Number of symptoms 0.988 

(0.019) 
Age 41-50 1.079 

(0.164) 

Quintile 2 0.885 

(0.093) 
Age 51-55 0.92 

(0.149) 

Quintile 3 0.849 

(0.095) 
Age 56-60 1.21 

(0.195) 

Quintile 4 0.8** 

(0.088) 
Age 60-65 1.024 

(0.172 

Least Deprived 0.96 

(0.108) 
Age 66-70 1.167 

(0.222) 

Belfast HSCT 0.962 

(0.15) 
Age 71 or greater 1.128 

(0.169) 

Northern HSCT 0.732* 

(0.119) 
Have a Comorbidity 0.995 

(0.005) 

Breast Screening Unit 0.475*** 

(0.074) 
Stage 2 1.017 

(0.08) 

South-Eastern HSCT 0.957 

(0.156) 
Stage3 0.972 

(0.109) 

Southern HSCT 0.464*** 

(0.076) 
Stage4 0.909 

(0.147) 

Western HSCT 0.68** 

(0.113) 
Schoenfeld Residual Test P-Value >0.05 

* = 90% significance level, ** = 95% significance level, *** = 99% significance level 

 

 

 

 

                                                 
34

Numbers in parentheses are standard errors 
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5.3.1 Goodness-of-fit 

Figure 5-3: Goodness-of-fit test using Nelsen Aalen Cumulative Hazard 

and Cox-Snell Residual 

 

 

 

 

 

 

 

 

 

 

In both models we see that the hazard function follows the 45 degree line 

closely. This indicates that the data fits the model. Variations occur as the 

values increase; however it can be concluded that the model fits the data 

well in both models (UCLA, 2014). 
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5.4 Discussion 

The previous chapter found no direct income-related inequality in the 

uptake of breast cancer screening in Britain over an eighteen year period. 

Given the publicly funded healthcare system in place in the UK this was not 

an altogether surprising result. In the analysis undertaken above we find 

that differences are evident between patients whose entire care was within 

the public sector and those who were seen at some point in the private 

sector in terms of the speed with which treatment is initiated after 

diagnosis. That private medicine (funding or provision) should impact on 

care in a mixed healthcare system is unsurprising. Self-interest would 

suggest the reason individuals hold private medical insurance is because of 

the superior service – including the speed with which individual’s treatment 

might be initiated – it affords and; private providers operate because there 

exists an effective demand for the services they provide. As noted previous 

studies in the area of breast cancer have demonstrated the existence of 

difference whether in service uptake, provision or outcome (Wu et al., 

2012, Walsh et al., 2012, Hershman et al., 2009) in such systems.  

 

That differences in terms of the speed with which care is initiated appear to 

exist between public and private sectors in a country whose publicly funded 

healthcare system extols equality of access based on need and not ability to 

pay is not perhaps what one might expect. With specific regard to the 

interval between diagnosis and initiation of treatment general concerns have 

indeed been explicitly referenced by the Department of Health (Department 

of Health, 2000). Crucially though these have focused on variations per se 

and not variations between public and private providers. This study has 

clearly demonstrated that such concerns (at least in 2006) were justified in 

NI. Importantly though while there were differences between private and 

public providers (when confounding variables are controlled for) the 

dichotomy between public and private provision is false in the sense that 

best practice among public providers was on a par with that in the private 
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sector. Poor performance among some public providers was not evident 

among all of them. It is unclear whether the difference between the best and 

worst performing providers in terms of the interval in the initiation of 

treatment was material with respect to outcome, though others have found 

delays may be a source of anxiety to some patients
17

(Paul et al., 2012) and 

as noted in respect of survival (McLaughlin et al., 2012). In their 

investigation into the effect of waiting times between localised breast 

cancer diagnosis and treatment Redaniel et al. (2013) find that the duration 

times have very little impact on survival. However, as highlighted by Paul 

et al. (2012) longer interval times can have negative psychological impacts 

on cancer patients. That poor performance in part of the public system may 

serve to generate demand in private care is a concern in as much as only 

those with higher incomes will be able to avail of this alternate route. Not 

only may they benefit directly as a result but they could serve to crowd-out 

those who are less well off by effectively “jumping the queue”. It is clear 

therefore that senior management need to address issues of 

underperformance where these exist. 

 

 Cost and outcomes do not form part of the analysis undertaken here and no 

inference in respect of these is made. The difference in the speed with 

which the system responds may nevertheless be taken as a valid indicator of 

quality and it is evident from this analysis that, on average, those in receipt 

of private healthcare experience higher quality of care than those receiving 

care solely within the public system. What might constitute an appropriate 

policy response to such delays as suggested to exist in this study, will 

depend on the particular circumstances that explain poor performance in the 

case of individual providers. These may relate to staffing issues unique to 

the period studied, other capacity issues or broader managerial deficiencies, 

which are less likely to affect private healthcare or be managed better than 

in the public system. That the issue is public sector provision per se though 

is clearly not the case.  

http://mc.manuscriptcentral.com/LongRequest/bmjopen?TAG_ACTION=DOWNLOAD_FILE_BY_NAME&DOCUMENT_ID=15739034&FILE_TO_DOWNLOAD=15739034_File000001_318053330.html-withlinks.htm&FILE_KEY=1334056109&FILE_NAME_KEY=-990810881&DOWNLOAD=TRUE&FILE_TYPE=DOCUMENT_BLINDED&DOCUMENT_HASHCODE=840965829&SANITY_CHECK_DOCUMENT_ID=15949641&CURRENT_ROLE_ID=48365#_ENREF_16
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5.5 Conclusion 

As public expectations rise and healthcare budgets come under increasing 

pressure debate as to how best to deliver care in breast cancer and other 

services will intensify. Privatisation will inevitably be mooted by some as a 

solution. These results however, indicate that in respect of breast cancer 

services there is no reason to believe private care offers a superior service to 

that which can be delivered by the public sector, although there is less 

uncertainty surrounding the quality of care in the private sector than the 

public. 

 

Since 2006 waiting time targets for cancer patients have been introduced in 

Northern Ireland. Whether this has impacted on the speed with which 

treatment is initiated (that is delay in receiving treating after a positive 

diagnosis) or differences among and between public and private providers 

in this regard require further examination. What, if any, impact such delays 

or failure to reach targets may have had on survival and cost of care are also 

areas that seem worthy of further examination. 
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6. Factors impacting breast cancer survival over a 

five year period for women in Northern Ireland 

Following on from previous empirical chapters which examined income 

inequality in screening uptake, determinants of screening uptake and factors 

that influence the interval between diagnosis and initiation of treatment, this 

chapter focuses on outcomes for women diagnosed with breast cancer over 

a five year period in Northern Ireland. Previous chapters have highlighted 

inequality of breast cancer care with respect to income and factors 

correlated with income levels. Following on from this, this chapter seeks to 

investigate the factors determining all-cause mortality among women 

diagnosed with breast cancer in 1996 and 2001 and observe how the effects 

change over time.  

The remainder of this chapter is set out as follows, section 6.1 introduces 

the topic, section 6.2 details factors which may influence outcomes for 

women with breast cancer, section 6.3 presents methods and section 6.4 

results. Section 6.5 contains a discussion on the findings and the chapter is 

concluded in section 6.6.  

 

6.1 Introduction 

Breast cancer incidence rates have been increasing steadily over the past 

number of decades with an almost 60 per cent increase in the number of 

new breast cancers diagnosed  in 2010 as compared to 1975 (Cancer 

Research UK, 2013a), as discussed in chapter one. In Northern Ireland 

breast cancer incidence increased by 73 per cent between 1994 and 2004 

(Donnelly et al., 2009), as illustrated  in Figure 6-1.  
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Figure 6-1: Breast Cancer Incidence 1994-2004 in Northern Ireland 

 

(Source: Donnelly, Gavin et al.(2009)) 

 

Evidence from the US suggests that overall breast cancer survival has 

improved steadily over the past six decades (Chustecka, 2010) though there 

is some debate as to what role, if any, the introduction of breast cancer 

screening has had in this. Autier et al. (2011), for example, found that 

survival in many countries began to improve prior to the introduction of 

universal breast screening programmes and there was little difference in 

overall breast cancer survival rates between countries that run an organised 

breast screening programme and those that didn’t. The role of screening as 

part of a cancer control strategy has been the root of much debate within the 

literature of late. Some studies cite screening and treatment advances as the 

major causes of the improvement in outcomes (Independent UK Panel on 

Breast Cancer Screening, 2012b, Kauhava et al., 2008). Others argue that 

small improvements in mortality are outweighed by the unnecessary 

interventions provided to women for whom screening results in the 

identification of cancers that would otherwise never come to light in the 

woman’s lifetime - here on referred to as over-diagnosis (Jørgensen et al., 
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2010, Jørgensen et al., 2011, Gøtzsche and Jørgensen, 2013, Jørgensen, 

2013, Miller et al., 2014). 

 

In this chapter changes in all-cause mortality at six years among women 

diagnosed with breast cancer in Northern Ireland in 1996 and 2001 and 

variations among women across the two time periods are examined. A 

particular focus is on women that present via screening to establish the 

relationship between screening and all-cause mortality whilst controlling 

for the effect of stage at diagnosis.  

 

Stage at diagnosis is continually highlighted as a key element in the fight 

against breast cancer, from both a cost and an outcome perspective (Bland 

et al., 1998).  As previously discussed in some detail in earlier chapters, it is 

generally accepted that the earlier breast cancer is detected the  better the 

prognosis for the woman (Groot et al., 2006).  There has been many studies 

carried out establishing determinants of uptake of breast cancer screening 

(Carney et al., 2013b, Maheswaran et al., 2006, Banks et al., 2002, Meiser 

et al., 2000, Walsh et al., 2010) and determining the effectiveness of breast 

screening in reducing the premature death rate among women diagnosed 

with breast cancer (Groot et al., 2006, Kauhava et al., 2006, Kauhava et al., 

2008, Autier et al., 2011).  

 

However at this juncture it is worth noting that in the examination of breast 

cancer survival there are three possible types of bias, as detailed by Autier 

et al. (2007), lead-time bias, length-time bias and incomplete registration 

bias of incidence. Lead-time bias refers to the possibility of perceived 

longer survival because cancer was detected earlier than would ordinarily 

be the case if screening was not in place so the woman dies at the time she 

normally would have however early detection of the breast cancer makes it 

appear as though she has lived longer with breast cancer. Length bias is 
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concerned with the bias caused by the length of time between screens. The 

longer the screening interval the more likely it is that the screening 

programme will miss and thereby fail to detect the more aggressive cancers. 

Regarding incomplete registration, the NICR has assured the researcher 

that all malignant breast cancer cases in NI are captured in the dataset 

provided. While these types of bias exist in principle they are not 

considered to be an issue here. It is assumed that these biases are consistent 

over time, given that this analysis is based on data collected in a similar 

manner across two time periods and due to the comparative nature of this 

analysis, the effect of these biases on the results presented here should be 

minimal. Also this analysis only includes women with malignant breast 

cancer and the earlier stage of Ductal Carcinoma in situ (DCIS) and 

Lobular Carcinoma in situ (LCIS) are not included in the data, thereby 

reducing the effect of lead-time bias and over-diagnosis. 

  

This analysis examines all-cause mortality among women with a diagnosis 

of malignant breast cancer. Typically screening detects cancer at an earlier 

stage (Wolstenholme et al., 1998, Department of Health and Social 

Security, 1986) which would improve probability of survival. However 

there are certain characteristics portrayed by women that are more likely to 

screen, as evidenced in chapter four, which may impact on outcomes. The 

relationship between survival, age at diagnosis and stage at diagnosis are 

likely to play an important role in the determination of outcomes. 

Comorbidities are also likely to play a role as this may point towards 

women with wider health issues. Other factors such as living in an urban or 

rural setting, may have an impact on survival due to effects of distance to 

the treatment centre (Maheswaran et al., 2006, Johnston et al., 2014).  

 

There are a myriad of factors which can affect outcomes and this is even 

more complicated among a sample of women with a breast cancer 

diagnosis. For example, comorbidity will have an impact on outcomes as 
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will the stage of the cancer or if it vascular invasive. These factors and 

others are outlined and discussed in the next section.  

 

6.2 Factors which may influence outcomes among women with breast 

cancer 

As stated, this chapter seeks to establish changes within a health care 

system over five years in relation to the women that survive breast cancer 

for six years or longer by undertaking comparative analysis of women 

diagnosed with breast cancer in Northern Ireland in 1996 and 2001. This 

study takes into account if the women were alive six years following 

diagnosis and makes no inference as to the quality of life of the women 

even though it can differ greatly depending on severity of treatments 

administered which varies with stage at diagnosis as well as type of breast 

cancer. As previously discussed in chapter two, breast cancer is a complex 

disease and there are a great number of clinical factors which should be 

taken into account when carrying out an examination of outcomes. Chapter 

five investigated the role of private health care in the interval between 

diagnosis and initiation of treatment and found that women that were 

treated privately at any stage along the care pathway are more likely to 

receive treatment faster than women that are not (Carney et al., 2013a). 

Taking this into account this analysis includes number of days from 

diagnosis to initiation of treatment to investigate if this inequality has any 

effect on outcomes.  

 

In addition to stage at diagnosis, a number of factors may influence 

outcomes which have been included in this analysis. Vascular invasive 

breast cancer can occur across all stages and has a less favourable prognosis 

then non-invasive breast cancer (Rezaianzadeh et al., 2012). Findings by 

Chung et al. (1996) provides evidence that women under forty diagnosed 

with breast cancer have a poorer prognosis than women in older age 
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cohorts, thought to be driven by differences in tumour biology and pre-

menopausal women having a higher probability of contracting the more 

aggressive form of breast cancer, triple negative breast cancer. It is thought 

that hormonal breast cancers are often triggered by the menopause.  

 

As outlined in chapter two, the type of breast cancer can have an impact on 

outcomes, a recent study linked smoking to the most common type of breast 

cancer, oestrogen receptor positive breast cancer in younger women (Kawai 

et al., 2014), smoking is not thought to have an impact on the incidence of 

triple negative breast cancer. Smoking would impact on outcomes and 

general health so if the women ever smoked is included. HRT is well 

documented within the literature to have a causal effect on breast cancer 

incidence, although research shows that it may cause a less severe type of 

breast cancer affecting outcomes (Beral, 2003, Stahlberg et al., 2004). 

Tamoxifen is shown to reduce the risk of breast cancer occurrence (Noe et 

al., 1999) and Arimidex (generic name Anastrozole) reduces the incidence 

of recurrence administered to women with hormone receptor positive breast 

cancer (ATAC Trialists' Group, 2005), the test for which was developed in 

the intervening period between 1996 and 2001.  

 

Investigating who is most likely to survive breast cancer among Chinese-

American and non-Hispanic white women in America, Wang et al. (2013) 

found that women with higher socio-economic well-being had a higher 

probability of survival despite controlling for treatments and health 

insurance. A study carried out in Australia found elderly women and 

women of lower socio-economic status were more likely to have larger 

tumours at diagnosis and observed that SES and age at diagnosis had an 

impact on breast cancer survival in addition to stage at diagnosis (Roder et 

al., 2014). These factors are most likely linked to their overall level of 

health at diagnosis and probability of obeying doctors’ orders in relation to 

ingestion of prescribed drugs. Age depreciates health, Grossman (1972) 
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argues that we produce health by investment in health care and by devoting 

time to health-improving efforts such as sleep, exercise, etc. As individuals 

that expect to live longer invest more in health as we get older we tend to 

have a higher discount rate so invest less in health as indicated in findings 

by Picone et al. (2004). Individuals with lower incomes also invest less in 

health according to Grossman (1972) as wage rates are positively correlated 

to health investment rates. Based on this evidence it can be inferred that a 

correlation exists between screening behaviour and upkeep of general 

health as screening would fall into the category of health investment. 

Source of referral is included in the model to capture this unobserved 

counterpart of taste for health. 

 

6.3 Methods 

Five logistic regressions are estimated in two sets of three to estimate the 

relationship between a range of dependent variables and vital status six 

years following breast cancer diagnosis. The first three include stage at 

diagnosis as a control variable and the third and fourth includes size of 

tumour in place of stage at diagnosis. Stage and size of tumour are highly 

correlated with stage at diagnosis capturing the size of the tumour as well as 

other factors
35

, whereas size of tumour is a more exact measure of the 

extent of the tumour.  Within each of the two sets, regression models are 

estimated to examine the relationship between factors affecting six year 

survivorship in women diagnosed with breast cancer. The first includes 

women diagnosed in 1996, the second for women diagnosed with breast 

cancer in 2001 and the third for the full sample with year included as an 

explanatory variable in order to test the hypothesis that the affects 

influencing outcomes remain constant over time and whether stage or size 

provides a better model for vital status as confirmatory analysis as to the 

role of SES on vital status. Oaxaca Blinder Decomposition (OBD) was also 

                                                 
35

 Such as if the cancer has metastasised.  
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included as a means to investigate the effect over time to establish if 

observed differences in estimation are due to characteristics of the women 

presenting with breast cancer changing over time, or the effects of the 

variables changing over the five year period
36

. 

 

6.3.1 Non-linear Oaxaca Blinder Decomposition 

The second part of this analysis uses OBD to determine if the 

characteristics of the women presenting change over time or if the effects of 

the characteristics are the driver of change (Oaxaca, 1973, Blinder, 1973). 

Over time the type of breast cancer presenting may change as well as the 

type of women presenting with breast cancer. Over time the way in which 

cancer is treated and different types of breast cancer are differentiated may 

impact differently on vital status. The OBD enables the differentiation 

between the characteristics of the women and types of breast cancer 

presenting, and the effects of the factors which affect mortality over time.   

                                                               (6.1) 

The first term on the right hand side can be interpreted as, the part of the 

difference in means that is associated with differences in returns to 

individual characteristics across the two samples. The second part of the 

equation (6.1) on the right hand side is the component associated with 

differences in the characteristics themselves.  This equation can be rewritten 

for the non-linear decomposition as (Sinning et al., 2008): 

  
       

              
                

              
                

(6.2) 

                                                 
36

 A Two-Stage Residual inclusion estimation regression was also estimated. This tested for 

endogeneity between morbidity and number of days between diagnosis and initiation of 

treatment, allowing for average wait times in each health Trust. Endogeneity was found not 

to be present and so the results of the logistic regressions are presented. 



 

 

144 

 

Where    
          refers to the conditional expectation of    , evaluated at 

the vector    with g = A,B.  

 

The Bootstrap method is applied here so as to calculate analytic standard 

errors and includes the same variables as are included in the logistic 

regression, outlined above, as explanatory variables.  

To refresh the reader’s memory, data for women diagnosed with malignant 

breast cancer in Northern Ireland in 1996 and 2001 were obtained from the 

Northern Ireland Cancer Registry (NICR). The Registry is a state-funded 

body that registers all cancer diagnosed in NI and contains a range of data 

on the patient, their diagnosis and treatment. Data on a total of 1,568 

women were extracted
37

 from the NICR, 711 women diagnosed in 1996 and 

857 women diagnosed in 2001. Vital status was available for all women for 

at least 6 years. For reasons outlined above, all-cause mortality was 

examined considering age at diagnosis, cancer stage at diagnosis (I-IV and 

unknown), the socio-economic deprivation score for the area in which the 

woman resided on a 1-5 scale, 1 being most deprived and 5 the least, 

whether she resided in a rural or urban area, whether or not she experienced 

comorbid conditions and the number of comorbid conditions experienced. 

Data on the source of referral, that is GP, Breast Screening Unit (BSU), 

Action Cancer
38

 (AC) or other, which generally consists of emergency 

referral to A&E, if the woman was currently in receipt of hormone 

replacement therapy (HRT), was treated with Tamoxifen or Arimidex was 

included in the models as was if the woman ever smoked. Source of referral 

is included as a means to capture the unobserved effect of health investment 

as described in the previous section above.  

                                                 
37

 Source of referral for 72 women was not recorded so were omitted from this analysis. 

Vital status is unknown for an additional 5 women who have also been excluded.  

38
 Action Cancer is included as a separate category as the age profile of women attending 

screening via AC are older than those attending the BSU. 
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Stage is defined as TNM staging of breast cancer (Singletary and Connolly, 

2006) which takes into account the size of the tumour or if the cancer has 

metastasised. Because this empirical analysis looks at overall six year 

survival, comorbidities are important. Unfortunately a comorbidity index is 

not available in the data so it is not possible to rank the comorbidities by 

severity. Included in the model are two variables associated with 

comorbidities, firstly if the individual has comorbidity and second the 

average number of comorbidities the individual has. If the individual ever 

smoked is included as an explanatory variable in the model due to the 

probability of comorbidities associated with it. 

 

Table 6-1: Variable Description for breast cancer outcomes 

                                                 
39

 Other tended to be emergency referral via the Emergency Department or the tumour was 

discovered whilst carrying out other medical investigations.  

Variable Description 

Days from diagnosis to 

initiation of treatment 

Stage at Diagnosis 

Number of days from diagnosis of 

breast cancer to initiation of treatment  

Stage of breast cancer at diagnosis.  

Age at Diagnosis 
Age at which the women was diagnosed 

with breast cancer 

Age at Diagnosis Squared 
Age at which the women was diagnosed 

with breast cancer, squared 

Source of referral  

Source from which the women is 

referred following diagnosis, GP, BSP, 

AC or other
39

 

Number of comorbidities 
Number of comorbidities the woman 

has in addition to breast cancer 

Number of comorbidities 

Squared 

Number of comorbidities the woman 

has in addition to breast cancer, squared 

Ever Smoked 
If the women either currently or has 

ever smoked in the past 

Received Tamoxifen and/or The women was in receipt of either 
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Arimidex Tamoxifen or Arimidex for the 

treatment of breast cancer 

Currently in receipt of HRT 
If the woman was in receipt of HRT at 

the time of diagnosis 

Vascular Invasive If the breast cancer is vascular invasive 

1. Oestrogen Receptive 
If the breast cancer is oestrogen 

receptive 

2. Size of Tumour 

Size of the tumour at diagnosis, 
measured in mm’s 

Year  2001, 0 otherwise 

Number of lymph nodes 

positive 

Number of lymph nodes that tested 

positive for cancer 

Urban 
If the women lived in an urban setline, 0 

otherwise 

Community Deprivation Score 

This is a community measure of 

deprivation based on the area where the 

woman resides. It is included on a 5 

point scale with 1 being the most 

deprived and 5 the least 
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6.4 Results 

6.4.1 Summary Statistics for women presenting with breast cancer 

Table 6-2: Summary Statistics 

 1996 2001 Difference 

Average Age at Diagnosis 60.6 
(0.532) 

60.5 
(0.481) 

0.126 
(0.716) 

Six Year Survival Rate 0.664 
(0.171) 

0.728 
(0.015) 

0.064*** 
(.023) 

Source of Referral    

GP 0.71 
(0.02) 

0.674 
(0.016) 

0.034 
(0.023) 

Breast Screening Unit 0.139 
(0.013) 

0.204 
(0.014) 

0.066*** 
(0.019) 

Action Cancer 0.019 
(0.005) 

0.03 
(0.006) 

0.01 
(0.008) 

Other 0.067 
(0.009) 

0.068 
(0.008) 

0.001 
(0.12) 

Stage    

Unknown 0.075 
(0.009) 

0.127 
(0.011) 

0.053*** 
(0.015) 

Stage I 0.339 
(0.017) 

0.346 
(0.012) 

0.007 
(0.024) 

Stage II 0.428 
(0.018) 

0.419 
(0.017) 

-0.009 
(0.024) 

Stage III 0.077 
(0.01) 

0.064 
(0.00) 

-0.0137 
(0.13) 

Stage IV 0.0812 
(0.01) 

0.044 
(0.007) 

-0.037*** 
(0.012) 

Community Based Deprivation 

Score 
   

Most Deprived 0.212 
(0.186) 

0.186 
(0.013) 

0.026 
(0.02) 

Quintile 2 0.213 
(0.015) 

0.19 
(0.013) 

0.023 
(0.02) 

Quintile 3 0.188 
(0.014) 

0.197 
(0.013) 

0.009 
(0.019) 

Quintile 4 0.19 
(0.014) 

0.216 
(0.014) 

0.026 
(0.02) 

Least Deprived 0.196 
(0.014) 

0.21 
(0.014) 

0.014 
(0.02) 

Urban 0.302 
(0.017) 

0.339 
(0.016) 

0.037 
(0.023) 

Average proportion of women with 

at least one Comorbidity 
0.704 
(0.016) 

0.81 
(0.013) 

0.106*** 
(0.021 

Average number of Comorbidities 1.794 
(0.043) 

2.025 
(0.042) 

0.232*** 
(0.061) 
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 1996 2001 Difference 

Vascular Invasive Breast Cancer 0.286 
(0.022) 

0.459 
(0.018) 

0.173*** 
(0.029) 

Ever Smoked 0.36 
(0.018) 

0.386 
(0.017) 

0.025 
(0.025) 

Received Tamoxifen or Arimidex 0.915 
(0.01) 

0.792 
(0.014) 

-0.123*** 
(0.174) 

Currently in receipt of Hormone 

Replacement Therapy (HRT) 
0.212 
(0.02) 

0.238 
(0.017) 

0.026 
(0.026) 

No. days from diagnosis to 

initiation of treatment  
16.039 
(0.949) 

14.144 
(0.405) 

-1.895* 
(0.981) 

Histology Grade I – Well 

Differentiated 
0.196 
(0.016) 

0.141 
(0.013) 

-0.055*** 
(0.02) 

Histology Grade II – Moderately 

Differentiated 
0.518 
(0.021) 

0.542 
(0.018) 

0.024 
(0.027) 

Histology Grade III – Poorly 

Differentiated 
0.286 
(0.019) 

0.316 
(0.017) 

0.031 
(0.025) 

Oestrogen Receptor Positive
40 0.254 

(0.034) 
0.75 
(0.015) 

0.495*** 
(0.037) 

Number of Lymph Nodes Positive 1.474 
(0.117) 

1.879 
(0.147) 

0.405** 
(0.192) 

Tumour Size 24.6 
(0.662) 

23.2 
(0.626) 

-1.4 
(0.91) 

* = significant at 90%, ** = significant at 95%, *** = significant at 9% 

 

Presented in Table 6-2 above are descriptive statistics for women diagnosed 

in 1996 and 2001 and if the difference between each is statistically 

significant. In 2001 more women presented via the breast screening unit, 

more women were diagnosed with stage I and less with stage IV and six 

year survival rates had significantly improved. The most notable differences 

between the two groups of women are the number of women that had at 

least one comorbidity and the average number of comorbidities for women 

that have at least one. Both averages are higher for women diagnosed with 

breast cancer in 2001. The reason for this is unclear, programme expansion 

to include older women happened in NI in 2009 so this does not explain the 

difference. Another point to note is the average number of women 

diagnosed with vascular invasive breast cancer significantly increased in 

                                                 
40

 These averages are for the women that had Oestrogen Receptor Status recorded, of which 

there were 325 in 1996 and 639 in 2001. 
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2001 compared to 1996. The average number of women being referred via 

the breast screening unit is higher in 2001 and the average number of 

women presenting with stage IV breast cancer has decreased in the later 

year. The average number of women receiving either Tamoxifen or 

Arimidex is significantly lower in 2001 than was the case in 1996. 

Tamoxifen when first introduced was administered to all breast cancer 

patients due to the unavailability of a test to differentiate oestrogen 

receptive breast cancers. During the time period (1996-2001) a test became 

available so that Tamoxifen could be targeted specifically towards women 

with hormone receptive breast cancer. Again the increase in the number of 

women with Oestrogen Receptive breast cancer over the period may also be 

attributed to this. In 2001 there was a statistically significant decrease in the 

number of women presenting with well differentiated histological grade 

breast cancer. This indicates the aggressiveness of the cancer, with well 

differentiated being the least aggressive as the cells tend to grow at a slower 

rate and spread slower than poorer differentiated cancer cells (National 

Cancer Institute, 2013).  

 

Table 6-3: Average age at diagnosis by six year vital status comparison 

over 5 year period 

 1996 2001 Overall 

Sample 

Average age of women at diagnosis 

that survived 6 years 
57.3 57.8 57.6 years 

Average age of women at diagnosis 

that did not survive 6 years 
66.7 years 68.1 years 67.4 years 

Number of women still alive 6 years 

following breast cancer diagnosis 

(percentage of total diagnosed) 

66% 73% 70% 

 

As illustrated in Table 6-3 above, the average age of women, that survived 

six years or more following their breast cancer diagnosis, is on average 10 

years younger than women that did not. This difference ranges from 9 years 
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in 1996 to 12 years in 2001. Given that the average age at diagnosis for 

both years is approximately 60 years – see Table 6.2 - this increase in age 

of the women dying within 6 years follow-up may be as a result in better 

treatments as the universal BSP was in place for both time periods since its 

introduction in 1989 in NI. However, because it is all cause mortality that is 

being examined, an increase in overall life expectancy over the time period 

is also likely to play a role in women dying older.  

 

Table 6-4 highlights that women referred via their GP can be diagnosed at 

all stages, however women referred from the BSU are more likely to be 

detected in the early stages.   

 

Table 6-4: Stage at diagnosis by Source of Referral 

 Source of referral 

Other GP BSP AC Total 

Stage  

Unknown 
17%  74% 7.5% 1.5% 158 

Stage I 5.5% 57% 34% 3.5% 540 

Stage II 5% 80% 12.5% 2.5% 672 

Stage III 2.5% 90% 5% 2.5% 106 

Stage IV 17% 79.5% 3% 0% 92 

Total 110 (7%) 1,129 (72%) 282 (18%) 47 (3%) 1,568 

 

 

Table 6-4 illustrates the distribution of stage at diagnosis by source of 

referral. The highest proportion are diagnosed via their GP with 18 per cent 

diagnosed via the BSP.  
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Table 6-5: Vascular invasive breast cancer by stage at diagnosis 

 Stage 

Unknown 
Stage I Stage II Stage III Stage 

IV 
Total 

Not 

Vascular 

Invasive 

43 345 259 28 9 684 

Vascular 

Invasive 
20 80 293 50 15 458 

Total 63 418 543 79 25 1,142
41 

 

Table 6.5 presents the distribution of vascular invasive breast cancers 

diagnosed over both years by stage at diagnosis. As illustrated, vascular 

invasive breast cancer occurs across all stages and illustrates that vascular 

invasive breast cancer is not correlated with stage at diagnosis. 

 

Table 6-6: Stage at diagnosis by Community Deprivation Quintile 

 Stage 

unknown 
Stage I Stage II Stage 

III 
Stage 

IV 
Total 

Most 

Deprived 
23% 16% 21% 23.5% 25% 311  

 Quintile 2 19% 19% 20.5% 18% 26% 316  
 Quintile 3 17% 19% 20% 17% 21% 303 
Quintile 4 17% 22% 20% 22.5% 15% 319 
Least 

Deprived 
24% 23% 18.5% 18% 14% 319 

Total 161 

(10%) 
538 

(34%) 
664 

(42%) 
109 

(7%) 
96 

(6%) 
1,568 

 

Table 6-6 above illustrates the distribution of breast cancer stage at 

diagnosis by community deprivation score and breaks it down by 

percentage of women in each community deprivation quintile diagnosed 

with each stage. There is a socio-economic correlation with a lower 

proportion of women in the least and second least deprived income quintile 

categories compared to the more deprived quintiles diagnosed with stage IV 

breast cancer. The reverse pattern is evident for women diagnosed with 

                                                 
41

 Information on vascular invasion is not recorded for 440 women in the sample over both 

years, 308 in 1996 and 132 in 2001. 
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stage I. This can be interpreted as of all women diagnosed with stage IV 

breast cancer, 14% were in the least deprived deprivation quintile and 25% 

were in the most deprived quintile. The reverse is true for stage I, with 16% 

of women with this stage coming from the most deprived communities and 

23% coming from the least deprived.  There are significantly more women 

presenting with stage I breast cancer from the least deprived group and less 

presenting with stage IV breast cancer than there are from the most 

deprived group, verified using a chi-squared test (P-value 0.007). 

 

6.4.2 Logistic Regression Results 

TABLE 6-7: LOGISTIC REGRESSION OUTPUT FOR 6 YEAR SURVIVAL42 

                                                 
42

 The specification error test in Stata (linktest) was not significant for all the models, 

indicating they are correctly specified.  

43
 Two-stage residual inclusion estimation regression was also carried out to test for 

endogeneity for days from diagnosis to treatment and was found not to be present. 

Variable 

     

1996 

Stage 

2001 

Stage 

Both 

years 

Stage 

1996 

Size 

2001 

Size 

Days from 

diagnosis to 

initiation of 

treatment
43

 

1.000 

(0.000) 

1.000 

(0.000) 

1.000 

(0.000) 

1.000 

(0.000) 

1.000 

(0.000) 

Year 2001 

 
- - 1.183 

(0.383) 
- - 

Individual Level Indicators 

Community Deprivation Score  

Base Category: Most Deprived    
Quintile 2 

 
1.08 
(0.345) 

1.295 
(0.454) 

1.261 
(0.293) 

1.08 
(0.345) 

1.288 
(0.454) 

Quintile 3 

 
0.94 
(0.314) 

1.288 
(0.421) 

1.206 
(0.28) 

0.94 
(0.214) 

1.273 
(0.408) 

Quintile 4 

 
0.602 
(0.188) 

0.644 
(0.197) 

0.648* 
(0.158) 

0.602 
(0.188) 

0.832 
(0.250) 

Least deprived 

 
1.657 
(0.63) 

0.964 
(0.321) 

1.242 
(0.286) 

1.657 
(0.63) 

1.166 
(0.383) 

Age at 

Diagnosis 
1.171*** 
(0.064) 

1.101 
(0.067) 

1.129*** 
(0.045) 

1.171*** 
(0.065) 

1.078 
(0.064) 
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Age at 

Diagnosis 

Squared 

0.998*** 
(0.001) 

0.999** 
(0.001) 

0.999*** 
(0.000) 

0.998*** 
(0.001) 

0.999** 
(0.001) 

Urban 

 
0.937 
(0.233) 

0.950 
(0.228) 

0.949 
(0.161) 

0.872 
(0.208) 

0.974 
(0.233) 

GP 

 
1.035 
(0.422) 

1.767* 
(0.605) 

1.396 
(0.372) 

1.492 
(0.602) 

1.827* 
(0.615) 

Breast 

Screening Unit 

 

1.119 
(0.606) 

4.351*** 
(2.085) 

2.385** 
(0.841) 

1.427 
(0.748) 

5.823*** 
(2.92) 

Action Cancer 

 
0.567 
(0.441) 

3.085* 
(2.048) 

1.447 
(0.742) 

0.829 
(0.617) 

3.367* 
(2.264) 

Number of 

comorbidities 
0.688* 
(0.133) 

1.556* 
(0.363) 

1.027 
(0.179) 

0.723* 
(0.143) 

1.575** 
(0.355) 

Number of 

comorbidities 

Squared 

1.033 
(0.043) 

0.879*** 
(0.043) 

0.952 
(0.038) 

1.024 
(0.045) 

0.892** 
(0.041) 

Ever Smoked 0.726 
(0.169) 

0.593** 
(0.132) 

0.635** 
(0.099) 

0.759 
(0.879) 

0.533*** 
(0.117) 

Unknown 

 
0.779 
(0.302) 

0.884 
(0.318) 

0.814 
(0.213) 

0.879 
(0.372) 

0.952 
(0.349) 

Tumour Related Indicators 

Stage at diagnosis 

Base Category: Stage Unknown  

  

Stage I 

 
3.341*** 
(1.549) 

3.05*** 
(1.478) 

3.101*** 
(0.877) 

- - 

Stage II 

 
1.767 
(0.787) 

0.985 
(0.335) 

1.297 
(0.337) 

- - 

Stage III 

 
0.759 
(0.403) 

0.516 
(0.236) 

0.612 
(0.202) 

- - 

Stage IV 

 
0.043*** 
(0.028) 

0.037** 
(0.025) 

0.044*** 
(0.02) 

- - 

Received 

Tamoxifen 

and/or Arimidex 

1.001 
(0.447) 

1.908* 
(0.656) 

1.414 
(0.349) 

0.954 
(0.405) 

2.104** 
(0.769) 

Currently in 

receipt of HRT 
1.391 
(0.587) 

0.725 
(0.225) 

0.971 
(0.236) 

1.562 
(0.635) 

0.922 
(0.317) 

Not Known 

 
0.934 
(0.221) 

0.793 
(0.196) 

0.880 
(0.147) 

0.973 
(0.233) 

0.661* 
(0.154) 

Vascular Invasive 

Base Category: Not Invasive  
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ican* = significant at 90%, ** = significant at 95%, *** = significant at 99%. The 

numbers in the parenthesis are standard errors.  

 

Table 6-7 above contains the results of five logistic regressions (the last two 

are included for confirmation purposes including size of tumour at 

diagnosis instead of stage at diagnosis as are included in the first three), 

with vital status six years following diagnosis as the dependent variable. 

Unsurprisingly, women that are diagnosed at an earlier stage are more 

Yes 

 
0.64 
(0.201) 

0.648* 
(0.160) 

0.644* 
(0.122) 

0.731 
(0.226) 

0.492*** 
(0.121) 

Unknown 

 
0.949 
(0.24) 

1.056 
(0.405) 

.0930 
(0.189) 

0.846 
(0.21) 

0.686 
(0.267) 

Histology Grade 

Base Category: Well Differentiated 
  

 
Moderately 

Differentiated 
0.441*** 
(0.171) 

1.030 
(0.398) 

0.612* 
(0.165) 

0.477** 
(0.172) 

0.744 
(0.286) 

Poorly 

Differentiated 

 

0.274*** 
(0.111) 

0.875 
(0.365) 

0.454*** 
(0.129) 

0.319*** 
(0.124) 

0.721 
(0.385) 

Not Recorded 

 
0.423** 
(0.184) 

1.22 
(0.637) 

0.607 
(0.191) 

0.396** 
(0.169) 

0.634 
(0.317) 

Number of 

lymph nodes 

positive 

0.871*** 
(0.032) 

0.901*** 
(0.021) 

0.898*** 
(0.018) 

0.845*** 
(0.03) 

0.894*** 
(0.021) 

Positive 

 
1.352 
(0.767) 

1.500 
(0.500) 

1.588* 
(0.397) 

1.085 
(0.558) 

1.523 
(0.552) 

Not Known 

 
0.907 
(0.251) 

0.462 
(0.226) 

0.754 
(0.178) 

0821 
(0.238) 

0.397 
(0.203) 

Size of Tumour 

 
- - - 

 
0.973*** 
(0.006) 

0.981** 
(0.006) 

Constant 

 
0.303 
(0.518) 

0.53 
(0.954) 

0.468 
(0.568) 

0.893 
(1.5) 

1.934 
(3.489) 

Model Level Indicators 

Number of 

observations 
630 745 1,375 702 583 

Pseudo R-

squared 
0.307 0.347 0.318 0.296 0.223 

Model 

specification 

test (Linktest) –  

P-value 

0.387 0.219 0.248 0.160 0.205 
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likely to live longer compared to all other stages, the base category here 

was stage unknown, stage IV were significantly less likely to live 6 years 

following diagnosis than women diagnosed at other stages, including 

unknown. Age at diagnosis is positively significant in 1996 and the effect is 

reversed for age squared. Age at diagnosis is not significant for women 

diagnosed in 2001, however for older women age negatively impacts 

chances of six year survival. In 2001, women that presented via the BSP 

were 4.35 times more likely to live six or more years. This effect increases 

to 5.8 when stage is omitted and size of tumour is included, although the 

standard errors are quite large which indicates a certain level of uncertainty 

surrounding the actual size of the affect. This increase in the effect is not 

surprising given the broader definition of stage compared to tumour size, 

however the magnitude of the effects is surprising. The effect of 

presentation via GP or Action Cancer are positively significant at the 90 per 

cent level. A significantly higher proportion of women diagnosed with 

breast cancer in 2001 have comorbidity than in 1996. Interestingly women 

diagnosed in 1996 with comorbidity were less likely to live six years 

following diagnosis however the effect was the opposite for women 

diagnosed in 2001. Moreover in 2001 comorbidity squared had a significant 

negative impact on survival whereas there was no observed effect for this in 

1996. Women that had ever smoked are also less likely to live of those that 

were diagnosed in 2001. 

 

Other variables are community deprivation score which plays no role in 

determining outcomes for women with breast cancer, this may be due to the 

fact that the measure included in this model is a relatively poor indication 

of SES. It must be noted however that women in the second least deprived 

category across both years in the model including stage at diagnosis as the 

control variable are less likely to live six years following diagnosis. 
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Of the tumour indicator effects, women in receipt of Tamoxifen was 

statistically significant in 2001 and has a positive effect on outcome, HRT 

has no significant impact, vascular invasive breast cancer is negatively 

significant for women diagnosed in 2001. Histology grade has no impact in 

2001, however in 1996 women that have tumours that are moderately or 

well differentiated fare worse than women that have well differentiated 

tumours, or for women for whom histology grade was not recorded. 

Oestrogen receptive breast cancer does not have an impact on outcome. 

Number of lymph nodes positive is negatively correlated with probability of 

survival as is tumour size.  

 

6.4.3 Oaxaca Blinder Decomposition 

Table 6-8: Oaxaca Blinder Decomposition 

 

** 95% significant level, *** 99% significance level 

 

The survival gap between both years is investigated further with the use of 

an OBD. Table 6-8 presents the results, which denote the absolute values of 

the different components of the decomposition equation. The characteristics 

element captures the “explained” difference and the coefficient the 

“unexplained” of the differential. The explained element is the difference 

between the two years that can be explained by changes in the 

characteristics of the women presenting with breast cancer in the two years. 

Variable Coefficient Standard Error 

Characteristics 

2001(1996) 
0.008 0.018 

Coefficient 

2001(1996) 
0.055*** 0.02 

Characteristics 

1996(2001) 
0.004 0.021 

Coefficient 

1996(2001) 
0.06** 0.025 

Raw 0.063*** 0.006 
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The unexplained element is the difference between the two years which is 

due to a change in the effect which is in line with findings from the logistic 

regression output presented above. This demonstrates that the differences in 

survival between the two years can be explained by differences in rewards 

to the characteristics and not due to changes in characteristics themselves. 

Thus indicating effects of the characteristics change over the time period 

and not the characteristics themselves that influence the change over the 

five year time period. The explanatory variables included in the analysis are 

the same as those included in the logistic regression above with stage 

included as an explanatory variable instead of tumour size.  

 

6.5 Discussion 

Table 6-2 above presents descriptive statistics for women diagnosed in 

1996 and 2001 and statistically significant differences between the two 

years. As mentioned, the most notable differences between the two groups 

of women are the number of women that had at least one comorbidity, the 

average number of comorbidities per individual and of the women with 

comorbidity, and the average number of women diagnosed with vascular 

invasive breast cancer was significantly increased in 2001 compared to 

1996, which is associated with poorer prognosis (Rezaianzadeh et al., 

2012). The average number of women being referred via the breast 

screening unit is higher in 2001 and the average number of women 

presenting with stage IV breast cancer has decreased in the latter year.  

 

The results presented above indicate that there is an improvement in overall 

survival despite higher co-morbidity and a higher number of women 

presenting with vascular invasive breast cancer. Women are presenting 

earlier, as evident in Table 6-2, with a lower proportion of women 

presenting with stage four breast cancers in 2001 than in 1996. This may be 

at least in part due to improvements in diagnostic procedures and treatments 
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for breast cancer such as the development of digital mammography over the 

time period and the introduction of tests for more targeted therapy for 

treatment of breast cancer. There are a number of possibilities that could 

explain this observed effect. Given that in the earlier time period less 

women were presenting via the BSP, and it has been shown that uptake of 

screening was relatively stable over the period (Blanks et al., 2000b, 

Advisory Committee on Breast Cancer Screening, 2006). Given that poorly 

differentiated indicates a more aggressive form of cancer it is no surprise 

that women with this form of tumour fare worse than women with well 

differentiated tumour, however the lack of significance for this in the latter 

period may be an indication of advancements in treatment over the 5 years. 

 

There is a marked change in the role of the BSP in survival over time in 

addition to the effect by stage at diagnosis, the reason for which is not 

altogether clear. It can only be speculated that if those who used the 

programme in earlier years were more likely to be the worried (relatively) 

well, it may be the increased impact of the screening programme relates to 

the reduction of this selection effect and the BSP is now reaching women 

more likely to exhibit other health seeking behaviours who were previously 

“elbowed out” of the screening system. It may also be the case that as the 

screening programme enters its third and fourth rounds that women who are 

most likely to benefit from screening are those that attend, in that women 

reassess their probability of contracting breast cancer taking results from 

previous screens into account and decide to reprioritise their time 

allocation. It is possible that women that choose to screen in the latter 

period are women that are more likely to understand the true benefits of 

screening and in turn more likely to obey treatment recommendations as set 

out by the clinicians and are therefore more likely to live longer. This 

finding is in line with Picone et al. (2004) that women with a self-perceived 

longer life expectancy are more likely to attend for cancer screening which 

may be driving some of the effect that is evident in this analysis in 2001. It 
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should be noted however that there is most likely omitted variable bias 

occurring here which is being picked up by the screening variable. As 

discussed in chapter four, married women are more likely to attend 

screening, a factor which may also pay a protective role in survival for a 

number of reasons, namely, married women may have more access to 

informal care providers by way of children or spouses and they may also be 

more likely to follow recommended treatments and attend hospital 

appointments as a result of social support (Aizer et al., 2013).   

 

The OBD splits the effects into two categories, those that are as a result of a 

change in the sample and those that are as a result of a change in the effect. 

The OBD presented above in Table 6-8 shows that it is the “reward” to 

observed variables, which is the change in effect, rather than difference in 

the samples that explain the improved survival. Worried well tastes are 

unobserved but might be detected through the effectiveness of the BSP in 

terms of increased effectiveness and better treatments on offer. Women that 

present via the BSP in the second time period may be more likely to benefit 

from advances in treatments and technology that may have changed over 

the time period.  

 

Another factor that may be driving this effect is that women that attend 

breast screening are perhaps more likely to have higher health base which 

would have an impact on all-cause mortality as women that are sicker 

would be less likely to live longer and may not withstand treatments as well 

as their healthier counterparts. 

 

Within the literature it is contested that younger women who contract breast 

cancer have poorer outcomes than older women with the disease (Chung et 

al., 1996). Within this sample this affect appears to be confirmed, given the 

different signs attached to the coefficients for age and its quadratic, positive 
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for age which becomes negative for age squared indicating that younger 

women are less likely to live but once a certain threshold is reached the 

effect is reversed, as expected given that this is a selected sample of women 

with breast cancer.  

 

If the individual ever smoked has an effect on survival but this effect is 

observed in 2001 only which again may be an indication of the influx of 

late stage breast cancers presenting earlier in the lifecycle of the BSP and 

the programme having reached equilibrium by 2001.  

 

6.6 Conclusion 

Women diagnosed with breast cancer in 2001 are more likely to survive six 

years if than if they were diagnosed in 1996. The OBD indicates that this 

improvement is due to factors other than changes in the type of women 

presenting, indicating that advancements in treatment may play an 

important role.  

 

There are some obvious limitations to this study, namely, the limited 

amount of covariates available for inclusion. The limited follow-up period 

of six years, the community deprivation score is only details 1 through 5, 

the severity of the comorbidities is not known and that the dependent 

variable is all cause mortality. As this study looks at all-cause mortality, 

comorbidities are important. Unfortunately, a comorbidity index is not 

available so as to rank comorbidities by severity. This piece highlights the 

need for further research into the role of screening and how this role 

changes over time with respect to breast cancer outcomes.  

 

Overall, the findings from the logistic regressions and the OBD reported 

above are in line with expectations as evidenced from the literature with the 
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exception of women presenting via the BSP. The underlying reasons for 

this finding are unclear and certainly warrant further investigation.  
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This chapter presents the key findings from this thesis and some of the main 

conclusions of the research undertaken. Strengths of the thesis, limitations 

and possible areas for further research are also discussed in section 7.2, 7.3 

and 7.4. Section 7.5 discusses the key policy implications resulting from 

this research and overall conclusions are presented in section 7.6.  

7.1 Key Findings 

Firstly, in order to measure and understand inequality, examining one 

aspect along the care pathway in isolation is mistaken. Screening will 

impact on subsequent care and outcomes, but equally will influence 

perceptions of subsequent care and outcomes and how these may vary 

across socio-economic groups could impact on the decision to screen. This 

thesis has sought to capture the full affect by following the breast cancer 

care pathway through from attendance at screening to patient outcomes in 

order to identify the determinants of care and survival among women with 

breast cancer. By identifying and addressing sources of inequality, issues of 

inefficiency may also be addressed by the detection and treatment of breast 

cancer at earlier stages. Evidence provided demonstrates breast cancer 

incidence and prevalence rates are on the increase as are treatment costs; 

however these may be controlled by efficient use of breast screening gained 

by addressing inequality. Evidence provided in chapter two also illustrates 

that risk factors associated with breast cancer are divided across all SEGs 

and it is therefore important that screening attendance be distributed across 

all SEGs and not concentrated among one portion.  

 

Secondly, while this research has found evidence of a socio-economic 

gradient in uptake of screening in the CI analysis contained in chapter three. 

This gradient was reduced when the screening programme was expanded 

and indeed was removed when other covariates were controlled for in a 

dynamic context. This work provides some assurance that, were market 

7. Conclusion 
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failures to give rise to inequalities in uptake, the operation of a national 

programme has served to address these. Concern however, must be 

expressed regarding the role of first contact with the service given its 

ongoing impact on subsequent uptake. While some women may choose 

rationally not to engage with the service further research should seek to 

ascertain which women are most likely not to screen and what underlies 

their reluctance to engage to ensure it is the result of free choice. The 

evidence provided in chapter three shows that moving from a system of 

opportunistic screening to a universal system, not only increases uptake but 

also reduces income inequality.  

 

In the instance of breast screening, a reduction in inequality in uptake of 

breast screening among women in the eligible age category can mean 

increased efficiencies; however it is not necessarily the case. A more equal 

attendance at breast screening across all income levels can lead to savings 

via better efficiency; it cannot be assumed that one will naturally lead to the 

other. This leads to the question of what does influence screening 

attendance, as addressed in chapter four. The analysis determining factors 

which influence uptake of screening concluded that in fact income was not 

a key determinant of screening uptake, but unobserved heterogeneity 

associated with income that plays a significant role in attendance at breast 

cancer screening. The effect of the unobserved heterogeneity correlated 

with income doubled when equivalised household income was included as 

the income variable than if individual income was included. This implies 

that a higher correlation exists between external unobserved factors on the 

decision to screen and equivalised household income which takes into 

account spouse’s earning and is adjusted for the number of people in the 

household. Once these factors are separated the effect of income on the 

decision to screen becomes insignificant shedding some light on the 

findings in chapter three. It is important to identify these underlying factors 

as it helps policy makers to understand the reasoning behind an individual’s 
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decision not to attend screening and give an understanding of additional 

support services or flexibility with timing of the screen, such as child care 

for example or providing screening services outside of normal working 

hours, to the target population, to encourage women that traditionally don’t 

screen when called, attend. Income per se does not play a role in screening 

attendance but rather unobserved factors correlated with income, such as 

risk or family history of breast cancer. Further investigation into these 

unobserved factors is warranted given the levels of significance alluded to 

in this analysis.  

 

Thirdly, with respect to the interval between diagnosis and initiation of 

treatment, the thesis has shown that while those who have private care have 

a shorter interval – giving rise to inequality in the public versus private 

dichotomy – as great a difference exists within the public/public domain. 

The former would give rise to concerns with a publicly funded system of 

inequalities; the latter while providing reassurance about the inevitability of 

poorer quality in the public system raises issues regarding accountability for 

performance. This suggests public funding/delivery in itself is not sufficient 

if issues of inequity are to be addressed; the public sector must also 

perform.   

 

However, the private indicator variable related to women that were treated 

privately anywhere along the care pathway suggests that it may be a 

function of women who  demand private healthcare also demand higher 

health, and as such gain faster access to treatment as they will not tolerate 

having to wait. These women may also be more familiar with the health 

system and know where to go in relation to gaining faster access to care.  

 

A recurring theme across the analyses contained in this thesis is the effect 

of demand for health on screening and care. The evidence suggests that 
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women with a higher taste for health are more likely to screen, this follows 

through to the interval between diagnosis and initiation of treatment, it can 

be presumed that women that have a higher taste for health would most 

likely purchase private healthcare, thereby gaining faster access to 

treatment or a superior service at some other point in the care pathway. This 

taste for health may also feed into overall survival for women with breast 

cancer. It is important to understand the role of private insurance and why 

some opt to be treated privately as this may give some insight into possible 

areas for improvement in the care pathway, for example longer waiting lists 

for one aspect of care may need to be addressed.   

 

Fourth with respect to survival, women with breast cancer that present via 

the BSP have higher survival rates suggesting possible selection effects. 

This selection effect is evident in 2001 only indicating a changing role for 

the BSP over time. 

 

There are many likely reasons for these observed improvements over time, 

one of which may be that as the BSP matures it reaches women that will 

benefit most from early detection. Another cause for this is that perhaps 

women presenting via the BSP have a higher health stock to start off and 

are therefore less likely to die anyway. Other factors not available for 

inclusion, such as marital status for example, an indicator of social support, 

are also likely to play a role here. Without further information on this it is 

impossible to make any inferences other than the fact that further research 

is required. Stage and age at diagnosis are key determinants in determining 

six year survival. 

 

The number of comorbidities has a negative impact on outcome and if the 

woman ever smoked, both of which are linked to possible wider health 

issues which may determine survival. In 1996 the aggressiveness of the 
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cancer had a negative impact on survival; however this effect did not have a 

significant role in survival of women diagnosed in 2001, highlighting 

possible treatment improvements. The number of positive lymph nodes 

again was negatively correlated with probability of survival with the 

observed effect reducing slightly over time.  

 

The key conclusions with respect to equity are that there is little evidence of 

breast cancer being linked to socio-economic gradients at any stage of the 

care pathway when data are examined carefully. One of the main findings 

highlighted in this thesis are the indication of selection effects related to 

healthy behaviours grounded in health tastes perhaps. This research 

highlights the need for an in-depth analysis into overall health behaviour 

and breast cancer outcomes. Issues of underperformance in parts of the 

publically funded health care system have been highlighted in this research, 

but not pervasive inequalities across the system. 

 

The main findings of this research are that policy makers should be aware 

of the fact that if they change one aspect of the care pathway this can have 

wider implications that can manifest itself elsewhere in the care pathway. 

Policy changes should not be considered in isolation but understood to 

represent one segment in a complex system of healthcare provision. For 

example, if policy makers encourage more women to screen, more breast 

cancers may be diagnosed at an earlier stage however this does not capture 

the full effect for survival among women with breast cancer. The selection 

effect observed in this research has to be teased out in order to gain the true 

benefits of advancements in screening and treatment for breast cancer. 

 

7.2 Strengths of the thesis 

This thesis makes four key contributions to current knowledge: the role of 

income in screening uptake; the impact of programme expansion to include 
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an older/retired age group has on income inequality; the role of private 

insurance on the interval between diagnosis and initiation of treatment and 

the impact of technological developments on all cause morality over time. 

Overall, this thesis examines inequality occurring at different points along 

the care pathway in breast cancer, taking into account the three year 

screening cycle of the screening programme where appropriate.  

 

The investigation into the role of income in screening uptake takes 

advantage of panel data collected over an eighteen year period in the UK to 

examine determinants of screening uptake over time with a specific focus 

on the role of income. This analysis takes into account the three-year 

screening cycle, which has not been done in previous research investigating 

determinants of uptake.  

 

The impact of programme expansion to include an older/retired age group 

on income inequality in screening uptake has not been examined before in 

the UK context. Previous studies investigating inequality of screening 

uptake were carried out across countries and therefore do not take into 

account effects such as culture on screening attendance. This analysis 

examines inequality of screening uptake, measured by concentration indices 

using equivalised household income, prior to and following a policy change 

expanding the screening programme to include an older age cohort that 

were previously offered opportunistic screening.  

 

The examination of the interval between diagnosis and treatment initiation 

for women with breast cancer, using cancer registry data, is an issue that 

has not been explored prior to this. Women seen privately at any stage 

along the care pathway have an advantage over women seen exclusively 

publicly; however upon further investigation this effect was between public 
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trusts rather than a public/private divide. Further investigation is required to 

ascertain the root cause of this difference between trusts.  

 

Lastly, the impact of changes in technology or its use over time on all-cause 

mortality is investigated. Factors impacting survival among women 

diagnosed with breast cancer over a five year period are analysed. Women 

diagnosed with breast cancer in the later time period are living longer. The 

reasons behind this are unclear due to unavailability of individual 

information such as socio-economic status, marital status or employment 

status factors which are likely to have an impact on outcomes. Information 

on treatments administered are also limited in the registry data used in this 

analysis. 

 

This thesis is strong in terms of originality, methods used and contributions 

to current knowledge, as evidenced from the peer-reviewed publications 

resulting from this thesis. 

 

7.3 Limitations of the thesis 

There are a number of limitations specific to the analysis in this thesis that 

should be recognised. Chapters three and four rely on self-reported 

screening utilization that may be affected by recall error. The recall period 

was 12 to 15 months for respondents of the BHPS. Self-reported 

explanatory and ranking variables such as income are also included in the 

analysis and may be subject to reporting errors. Chapter four uses a 

balanced panel dataset which may be influenced by attrition, however when 

the unbalanced panel were analysed, results did not materially change. 

These chapters also draw on data collected as part of the BHPS, therefore 

the analyses were limited to the information contained therein. Ideally some 

measure of risk could be included in the model in order to draw out the 

unobserved heterogeneity associated with income, both individual and 
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equivalised household and to capture the effect that attitude to risk has on 

the decision to screen. 

  

Data from the NICR, whilst a valuable dataset and the researcher is most 

grateful for access to such rich information, it may not tell the full story. 

Omitted variable bias is likely to have affected the results reported in 

chapter six with respect to source of referral. Ideally further detail is 

required on certain socio-economic aspects, in order to draw more 

meaningful conclusions from the findings in this thesis. For example, 

information regarding socio-economic status, marital status and further 

detail regarding type of treatments administered would likely enlighten the 

analysis. A comorbidity index outlining in detail the severity of the co-

morbidities of the women would also be useful when examining all-cause 

mortality. Comorbidity may also influence the decision to screen as women 

that expect not to live to old age are more likely to prioritise their time in 

the shorter term and not think investment in longer term health a 

worthwhile exercise (Picone et al., 2004). 

 

Some key omitted variables are highlighted by this research and play 

important roles in determining uptake of screening and survival. In relation 

to uptake of screening, attitude to risk and family history are not captured in 

the analysis and may play important roles in determining screening 

attendance, given the significance of the Mundlak term for income and the 

initial conditions estimators included in the analysis in Chapter four.   

 

With respect to missing variables, more information on the point at which 

women are likely to be seen privately would be an advantage and may 

prove interesting for future analysis. In the investigation examining factors 

affecting survival among women with breast cancer individual level data 

rather than area level data as included may help explain some of the 
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variation in survival. Information on cause of death may also enrich the 

analysis on survival.  

 

In terms of the care pathway there are gaps which are not examined in this 

work. The treatment phase and variations in the treatment phase are not 

explored due to unavailability of data. Follow-up care is also an area which 

may have important effects on outcomes for women with breast cancer and 

engagement with the health system once treatment has concluded.  

 

7.4 Areas for further research 

Following on from this research a Discrete Choice Experiment (DCE) could 

be carried out to gauge the factors impacting the decision to screen by 

women that fall within the eligible age range for the universal programme. 

Varying factors, such as the sensitivity and the specificity of mammography 

screening, in the DCE would give insight into the effect, if any, of 

uncertainty surrounding breast screening as debated in the literature on the 

woman’s decision to attend screening. Success of treatment may also be 

incorporated into the DCE. Varying aspects of the care pathway such as the 

interval between diagnosis and initiation of treatment could also be 

incorporated into the study which would give the effects of perceived 

preferential treatment for one group on another’s decision to screen.    

 

With respect to the breast cancer care pathway there are a number of 

elements worthy of further attention. An important factor in the decision to 

screen is the individual’s attitude to risk, which is not captured in the 

analysis here as there is no observed measure of risk perception included in 

the BHPS or in the data provided by the cancer registry. Also influencing 

the decision to screen is past experience with breast cancer, for example if 

the individual had a questionable result in the past, it may influence 

screening attendance in the present. Family history of cancer and 
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specifically breast cancer may further explain the choice to screen and 

warrant further investigation. It may also be interesting to examine the 

determinants of screening uptake in an opportunistic setting and compare to 

the results found here which focus on a care system with a population based 

programme in place. Comparing screening uptake and outcomes in systems 

that do not operate universal breast screening programmes would be 

worthwhile in further understanding market failure and its effects on breast 

cancer outcomes.  

 

Cause specific mortality would allow more honed analysis. The analysis in 

this thesis focuses on all-cause mortality due to the unavailability of more 

detailed data on cause of death.  

 

This research draws from a number of sources. If similar research were 

carried out on a population based dataset to establish the determinants of 

screening uptake and linked this to treatment and final outcomes a more 

cohesive picture may emerge. It may also give deeper insight on the 

findings in this thesis regarding the selection effect of women with breast 

cancer that present via the breast screening unit and wider health 

behaviours.  

 

In relation to survival a range of factors not captured in the analysis 

conducted here, such as attitudinal factors, may be important, as indicated 

by the effect of source of referral on survival. In addition social support in 

the home, measured by way of marital status, was found (in the analysis in 

chapter four) to play a significant role in screening attendance. This is not 

captured by the data supplied by the NICR and therefore absent from the 

analysis on outcomes in chapter six.  
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Given that the analysis on outcomes is based in Northern Ireland socially-

excluded groups which is related to unobserved variables such as religion 

and religiosity may play an important role in determining outcomes for 

women with breast cancer. With the inclusion of these variables in the 

analysis it may highlight the unobserved effects of community activism or 

social capital from a wider community standpoint. 

 

In 2006, policy in Northern Ireland was changed so that women, once 

diagnosed with breast cancer, were not subject to a wait period of longer 

than 60 days duration to initiate treatment, with a view to addressing the 

underperformance of some trusts. Given that this analysis is based on data 

from 1996 and 2001, a follow-up analysis would be interesting to 

investigate if these policy changes have had an effect on survival rates 

among women with breast cancer.  

 

7.5 Key Policy Implications 

A number of analyses examining differing points along the care pathway in 

breast cancer are outlined in this thesis. The care pathway in breast cancer, 

as outlined in Section 2.2, illustrates the complexities involved. Figure 2-6 

outlines the possible treatment interventions and the steps involved. Due to 

unavailability of data, the main focus of this thesis is the earlier aspects of 

the pathway at screening and subsequently the interval between diagnosis 

and initiation of treatment.  

 

Breast cancer is a complex set of diseases and a one size fits all model of 

treatment is not appropriate. Figure 2-1 sets out the different types of breast 

cancer and the different treatment required for each and the risk factors 

associated with the different types are highlighted in section 2.3. 
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With respect to the care pathway in breast cancer, Figures 2-3, 2-4 and 2-5 

focus on the different methods of presentation in Northern Ireland - namely 

the NHS Breast Screening Programme, symptomatically via the GP and 

Action Cancer, a mammography screening service offered to women that 

are outside of the eligibility range for the NHS screening programme - and 

the care pathway for each. Different aspects of the care pathway are 

explored in this thesis with clear policy implications. It is clear from the 

care pathways, illustrated in Figures 2-3 – 2-5, that the pathways differ at 

the point of presentation and how the women first engage with the health 

system, however once a diagnosis is made all women follow the same 

pathway. Women may choose to be treated privately at any point along the 

pathway diverging from the main (publicly funded) health system. In 

respect of the role of income in screening uptake within a publicly funded 

health system, income per se does not influence screening uptake, rather 

unobserved factors which are correlated with income are highlighted as 

barriers to attendance. These other factors, such as health literacy for 

example, may influence the decision to screen and should be investigated 

further in order to identify these unobserved factors and encourage more 

women to attend screening.  

 

The first two empirical analyses focus on women attending screening
44

. The 

care pathway for women presenting via the BSP, Figure 2-3, would apply to 

women with breast cancer that are picked up via routine screening. This 

thesis examined income related inequality if reduced among women that 

screen if a universal programme is in place rather than if opportunistic 

screening is offered. Findings indicate that factors other than income, which 

are correlated with income, are likely to influence the decision to attend 

screening. Despite screening being available to women aged over 65 on a 

                                                 

44the first focuses on women in England and Wales and the second on 

women in Britain 
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voluntary basis, uptake was low and concentrated among the rich prior to a 

policy change to expand the screening programme. Following programme 

expansion to include women aged 65-70 the socio-economic gradient 

disappeared and was also found to decrease among in the 50-64 age cohort. 

The decline in the pro-rich pattern of screening uptake that attended the 

expansion of the programme clearly indicated the importance of organised 

screening to women who are economically disadvantaged. Coupled with the 

results in respect of the interval between diagnosis and treatment initiation, 

the study clearly indicates the importance of a service based on need in 

delivering equity in terms of access. As stated, expansion of the breast 

screening programme lead to increased uptake in screening among the 

women to which universal screening was extended (women aged 65-70), the 

socio-economic gradient reduced and spill-over effects were evident among 

the 50-64 age cohort. Clearly in the sense that uptake increase and equity 

improved the expansion of the programme can be judged to have a success. 

While the underlying reason for this is not clear; it may be due to higher 

awareness among all socio-economic groups of the benefits of screening due 

to increased media coverage surrounding breast screening. Given the 

positive correlation between GP visits and screening attendance as outlined 

in Chapter five, it is likely GP’s have a positive influence on screening 

uptake and were perhaps more likely to encourage patients to screen during 

the programme expansion period, thereby encouraging women to attend 

screening that would not previously have done so.  

 

A second policy implication in respect of the interval between screening and 

initiation of treatment is that differences between patients seen by publicly 

funded providers are greater than those between public and privately funded 

providers. This suggests that whatever the source of poor performance, it is 

not one that is endemic to publicly funded providers and should therefore be 

mutable in the face of the appropriate public sector management response. 

To address this differential in intervals across the healthcare trusts the 
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underlying cause should be investigated and addressed. The introduction of 

targets for waiting times has since been introduced; further research is 

required as to the success of these targets however a name-and-shame policy 

for under-performing trusts may make them more likely to adhere to the 

targets. Given that Northern Ireland is quite small patients may be more 

likely to travel to better-performing trusts for treatment and a money-

follows-the-patient method of healthcare reimbursement to the provider may 

also encourage Trusts to perform better and achieve their targets as this 

would result in under-performing trusts obtaining less funds.  

 

It is important to encourage women to attend all of their screening 

appointments. This investigation found that if women missed the first screen 

they were less likely to attend subsequent screens. Annual screening uptake 

ranges from 70-75 per cent of those invited (Advisory Committee on Breast 

Cancer Screening, 2006). As highlighted in chapter four, Tinkler et al. 

(2001) estimates that women that miss one screen are much less likely to 

attend their current screening appointment and this probability reduced as 

the number of previous screening appointments not attended increase.   

 

Women that present via screening are significantly less likely to die within 

six years following a breast cancer diagnosis accounting for stage and a 

range of tumour characteristics. This warrants further investigation as it 

highlights the importance of tackling inequality along all points along the 

care pathway as inequality at one point may manifest itself at another 

though it must be born in mind the examination here was of all cause and 

not just breast cancer alone. As outlined in Section 2.2 there are three 

possible sources of referral for a women with breast cancer, the BSP, Action 

Cancer and the woman’s GP if she is presents with symptoms. Whilst 

inequality is evident in duration times between diagnosis and initiation of 
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treatment
45

 between Health Trusts in Northern Ireland these have no 

material effect on outcomes for women with breast cancer as established by 

the analysis in Chapter six. Women that present via screening may be more 

likely to engage with the health system. If this is indeed the case and these 

women are then more likely to survive, a policy encouraging individuals to 

engage in the management of their general health may be worthwhile, as 

stated however this warrants further investigation. However given this 

finding it is important that women now eligible for screening, due to 

programme expansion, are encouraged to attend screening as recommended.  

 

7.6 Overall Conclusions 

This thesis highlights the importance of looking at breast cancer not as a 

single disease but as a set of diseases with different causes, treatments and 

prognosis.  

 

The underlying factors affecting attendance at breast screening are complex 

and difficult to measure. The analysis included here investigates screening 

uptake based on a range of observable characteristics that give some insight 

into possible unobservable characteristics which affect the decision to 

screen. One of these unobserved characteristics is likely to be health tastes 

which follows right the way through the care pathway and has a significant 

impact on outcomes among women with breast cancer. The breast cancer 

care pathway cannot be viewed in isolation, nor can women’s health 

behaviour. An individual that attends breast screening on a regular basis 

may also be more likely to exhibit other health behaviours thereby affecting 

long term survival. Ideally in order to gain an overall view of women that 

are likely to survive breast cancer, overall health and health behaviours 

should be considered.  

                                                 

45From the investigation in Chapter five. 
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The importance of looking at inequalities along the care pathway and not 

just at a single point is highlighted. While inequality related to SES may not 

exist in a manner that is directly observable in terms of a role for income, in 

respect of screening, it may exist in other more subtle ways such as health 

literacy or time preference. 

 

Inequality with respect of the interval between diagnosis and initiation of 

treatment exists, albeit in a more complex way than it first appears. The 

inequality was not evident in respect of all public providers but that women 

that were treated privately at some stage along the care pathway are most 

likely to experience the shortest interval in their wait for treatment 

initiation. Regarding inequalities associated with survival, none were 

evident but some caution is warranted here given that the outcome variable 

was all-cause mortality. Importantly it was found that measures aimed at 

reducing inequalities, such as the expansion in the screening age, were 

effective in that the rank dependent inequality indices fell.  

 

Survival was found to improve overtime and changes in technology appear 

to have played a major role here. This holds out hope for the future. 
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9.1 Summary of Breast Cancer Costing Studies 

Table 9.1: Summary of studies estimating costs of treatment of breast cancer 1995-2012 

Reference 
Price 

Year 
Location Direct Costs  Indirect Costs Sample selection 

Butler et al. (1995) 
1983-

1989 

Brisbane           

Australia 

Stage 0, $11087.86                    

Stage I, $12450.84                      

Stage II, $26486.06                   

Stage III, $35109.63                  

Stage              IV              

$41429.94                           

 

Patients discharged from Royal Brisbane Hospital 

with breast cancer listed as the primary, underlying or 

secondary illness. 

Legoretta et al. (1996) 1989 United States 

Screened €17412 to treat. 

Unscreened €21,909 
  -------- 

All females with breast cancer over 18, enrolled in 

the US Healthcare health maintenance organisation 

Taplin et al. (1995) 
1990-

1991 

Washington State, 

United States 

€17,896 initial care          

€1,794    continuing care          

€29,272            terminal care 

   ------- All breast cancer patients from Washington State.  

Kauhava et al. (2006) 
1987-

1993 
Finland 

€32,031    cost of treatment 

for those with fatal breast 

cancer €11,413     cost of 

   ------- 

 
Women aged 40-74  

9. Appendix 
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treating non-fatal patients 

with breast cancer 

Wolstenholme et al. 

(1998) 
1991 United Kingdom 

€4,458,897                      

Without screening costs 

€4,927,466                   

Including screening costs 

   ------- 

 

   ------- 

All females with breast cancer 

Tollestrup et al. (2001) 
1990-

1994 
New Mexico 

In-situ 

€5,624 - 20-49 

€5,624 - 50-69                         

€3,286 - 70+ 

Regional/ 

Distant 

€18,915 – 20-49  

€14,030-50-69                        

€7,520 -70+ 

  -------- All breast cancer patients 

Wai et al, 2001 
1995- 

1996 
Canada 

€41,406- 40-49 

€38,872 - 50-69 

€40,666 – 70-79 

   ------- 
Died from inoperable, locally or regionally recurrent 

or systemic metastatic breast cancer 

Rao et al. (2004) 
1997-

1999 
United States 

€54,617 metastatic breast 

cancer costs  
   ------- 

Medicare patients (Mainly consist of patients aged 65 

and older) 

Kauhava, Immonen-

Riaha et al. (2004) 

1987-

1998 
Sweden 

€7,887 treatment for 

screened group      €10,693 

treatment for non-screened 

group 

  -------- Those aged 40-49 diagnosed with breast cancer 

Kauhava, Immonen-

Riaha et al. (2008) 

1987-

1998 
Sweden 

€23,390 treatment costs for 

relapsed patient 
  -------- 

Those aged 40-49 diagnosed with breast cancer 

relapse 

Sasser et al. (2005a) 1998- United States €21,362 €12,635 50-64 
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2000 

Lamerato, Havstad et al. 

2006 

1996-

2002 

United States €48,415 contra-lateral 

recurrence, €73,974 loco-

regional recurrence 

€113,297 distant recurrences 

  -------- 
All breast cancer patients diagnosed in the early 

stages 

Bennett and Calhoun 

(2007) 

2001-

2002 
United States 

€1,538 outpatient costs  

€14,552 inpatient costs 

€2,150 

outpatient costs           

€3,980 inpatient 

costs 

Aged 18 or older 

Lidgren et al. (2007a) 2002 Sweden €156.774 million €168.88 million 
All those living on 31 December 2002, diagnosed in 

1958 or later with breast cancer 

Gordon, Scuffham et al. 

(2005) 

2002-

2003 
Australia €3,129   -------- 

Women with unilateral breast cancer, spoke English, 

aged between 25-74 and took part in allied Health 

and Acute Care Rehabilitation Team and strength 

Through Recreation Exercise Togetherness Care 

Health. 

Warren et al. (2008) 
1995-

2004 
United States 

€28,332 initial cancer 

treatment 
   ------- Aged 65 and older 

Remak and Brazil 

(2004) 
2002 United Kingdom 

€16,134 patient lifetime cost 

of treating metastatic breast 

cancer 

   ------- All patients with Stage IV breast cancer 

Pockett et al. (2010) 2003 Spain 
€2,346 average costs for first 

admission  
   ------- None specified 

Karnon et al. (2007b) 
1991-

2004 
United Kingdom 

€24,161 metastatic 

recurrence                              

€41,256 Loco-regional or 

   ------- 
All those suffering from recurrence originally 

diagnosed with early stage breast cancer 
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contralateral recurrence 

Subramanian et al. 

(2011) 

2002-

2004 
United States 

€8,975  In-situ           

€24,196 Local 

 €44,691 Regional  

€92,967 Distant 

   ------- 

1.1.1  
Female Medicaid Breast cancer patients under age 

65.  

Barron, Quimbo et al. 

(2008) 
2004 United States 

€3,076 mean cost to treat a 

patient per month 
  -------- 

Women aged 18 and over with breast cancer 

identified using ICD-9 codes from claims databases 

of 5 insurance companies 

Yabroff and Lamont et 

al. (2008) 
2004 United States 

Local; €10,363, initial year,                    

€28,052, last life year.                                                  

Regional; €19,595 initial 

year, €33,204 last life year.                            

Distant; $30,26, initial year,              

€46,57,  last  life year. 

1.1.2  SEER breast cancer incidence rates for those aged 65 

or older 

Lidgren, Jonsson et al. 

(2007) 

1966-

2005 
Sweden 

1st year after diagnosis 

€6,343                                            

1
st

 year after recurrence 

€8,200 

2
nd

 and subsequent years  

€1,798 

Metastatic 

€7,640 

  -------- All women with breast cancer aged over 18. 

Yabroff et al. (2007) 2005 United States     -------- 

€1,261 average 

patient travel 

costs  

65 or older 

Dahlberg et al. (2009) 2005-

2006  

Sweden  €17,367 triple negative 

€93,396ER pos 

  -------- All those with disseminated breast cancer relapse that 

died in 2005-2006. 
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€121,732 HER-2 pos  

Vera-Llonch et al. 

(2011a) 

2000-

2006 
United States 

€31,570    cost of treating 

fatal breast cancer                          

€11,361     cost of treating 

survivors of breast cancer 

   ------- Women with hormone – breast cancer aged 18+ 

Lage et al. (2010a) 
2000-

2006 
United States 

€83,249    pre chemo     

€141,814 post-chemo 
   ------- Women with hormone + breast cancer aged 55-63 

Max et al. (2009) 2008 United States €279 million €1.15 billion 
All patients diagnosed with breast cancer in 

California in 2001 

Pisu et al. (2011) 2010 United States   ---------- 

€244 direct 

medical costs 

per month                   

€50.56 direct  

non-medical 

costs per month 

Participants in the Breast Cancer Education 

Intervention Trial 

NOTE: All costs in the above table have been adjusted for medical inflation to June 2011 and converted to Euro for comparison purposes.
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9.2 Appendix  

Table 9.2: Determinants of uptake breast screening - unbalanced panel 

Variable Unbalance

d 
 Variable Unbalanced  

 N = 57,645 Average 

partial 

effect  

(Standard 

error) 

 N = 57,645 Average 

partial 

effect 

(Standard 

error)  
Base Category: 0 

GP visits 
10,911 N/A    

1-3 GP visits 20,391 0.023*** 

(0.003) 
1st lag 6,649 0.020*** 

(0.003) 
4-6 GP visits 13,572 0.034*** 

(0.003) 
2nd lag 6,571 -0.007** 

(0.003) 
7-9 GP visits 6,921 0.043*** 

(0.004) 
3rd lag 6,555 0.118*** 

(0.005) 
10 or more GP 

visits 
5,850 0.046*** 

(0.005) 
1st initial 

condition 
6,877 0.021*** 

(0.004) 
Base Category:  
Pre 2005: Aged 

50-64 

8,002 N/A 2nd initial 

condition 
6,508 0.010** 

(0.004) 

Pre 2005:Aged 

16-49  
19,062 -0.196*** 

(0.007) 
3rd initial 

condition 
5,930 0.030*** 

(0.005) 
Pre 2005:Aged 

65-70  
2,556 -0.160*** 

(0.007) 
Income 57,645 -0.002** 

(0.001) 
Pre 2005:Aged 

70+  
5,508 -0.210*** 

(0.007) 
Income 

Mundlak term 
57,645 0.007*** 

(0.001) 
Post 2005: Aged 

16-49 
5,613 -0.189*** 

(0.007) 
Base 

Category:  
Excellent 

11,399 N/A 

Post 2005: Aged 

50-64  
11,615 -0.004 

(0.008) 
Health status: 

Good 
26,753 0.003 

(0.003) 
Post 2005: Aged 

65-70 
1,686 -0.091*** 

(0.010) 
Health status: 

Fair 
13,232 0.003 

(0.004) 
Post 2005: Aged 

70+  
3,603 -0.191*** 

(0.007) 
Health status: 

Poor 
4,827 0.009 

(0.005) 
Dependent aged 

under 16 

17,618 -0.010*** 

(0.003) 
Health Status: 

Very poor 
1,434 -0.001 

(0.007) 
Base Category: 
Married 

32,526 N/A Smoker 13,612 0.002 

(0.003) 
Separated 1,072 -0.013 

(0.009) 
Base 

Category: 
London 

3,708 N/A 

Divorced  5,701 -0.023*** 

(0.004) 
North 

England 
12,669 0.0002 

(0.006) 
Widowed 7,304 -0.009** 

(0.004) 
South 

England 
12,762 -0.001 

(0.006) 
Never married 11,042 -0.04*** 

(0.003) 
Midlands 11,376 -0.002 

(0.006) 
Base Category: 
Primary level 

Education 

19,998 N/A 

Wales 

7,951 -0.006 

(0.006) 

Lower Secondary 18,019 0.008** 

(0.003) 
Scotland 9,179 -0.003 

(0.006) 
Upper Secondary 8,977 0.007 

(0.004) 
   

Third Level  10,651 0.008* 

(0.004) 
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