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ABSTRACT

Life time costs associated with the managementof inflammatory bowel
diseases(IBD) are significant. Newer treatments are available but have
high acquisition costs. There has been an increasing emphasis on
theoretical cost-effectiveness analyses as part of health technology
assessment but this has proved difficult because there is little

knowledgeof the scale, profile or determinants of these costs in the
United Kingdom. There are very limited data to describe patient ratings
of health outcomes for IBD in terms of health state utilities or
willingness-to-pay, further adding to the difficulties in undertaking robust
economic appraisals of rival therapies. This thesis presents a series of
studies examining the direct, indirect and intangible costs associated
with IBD in the UK setting.

A micro-costing analysis of patient-level audit data for 479 patients
attending a single centre identified mean secondary care costs of

£1,652 for Crohn’s disease and £1,256 for colitis over a six-month

survey period. Generalised linear regression techniques were applied to

highly-skewed cost data and allowed quantification of the influence of

disease severity (based on a 7-state disease model) and hospitalization
on direct cost-of-illness. Disease relapse was associated with a 2-3 fold

increase in costs for non-hospitalized cases and a 20-fold increase in

costs for hospitalized cases. Hospitalization affected a minority of

sufferers but accounted for half of the total direct costs falling on the

healthcare system. Indirect costs were estimated using a postal survey

and confirmed substantial productivity loss days and restricted activity
days. Direct cost-of-illness of IBD in children was described in a

separate population using similar techniques. The cost distribution was

similar to adult disease with hospitalization being the major cost driver.

The proportional cost of medications was different compared to the

adult population as nutritional therapy comprised the bulk of

medicationscosts.

Utility scores were derived by direct patient interview using a range of

instruments and found to be both feasible and valid, with moderate-to-

strong correlations with disease specific quality-of-life instruments.

Absolute values depend on the survey method, consistent with other

diseases. Mean scores in severe IBD were similar to values cited for

other major chronic illnesses. In contrast, construct validity appears

poor for directly-elicited willingness-to-pay when psychometric

properties were evaluated.

Future economic analyseswill benefit from these novel primary patient-

level data.
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1 Overview

1.1 Introduction

The term inflammatory bowel disease (IBD) commonly refers to ulcerative

colitis (UC) and Crohn’s disease (CD), which are chronic inflammatory

diseases ofthe GItract ofunknown etiology. Ulcerative colitis is characterized

by recurring episodes of inflammation limited to the mucosal layer of the

colon. It almost invariably involves the rectum and may extend in a proximal

and continuous fashion to involve other portions of the colon. In contrast to

ulcerative colitis, Crohn's disease may affect any part of the GI tract and is

characterized by transmural rather than superficial mucosal inflammation and

by skip lesions rather than continuousdisease.

The term ‘simple ulcerative colitis’ was first used in a case report by Sir

Samuel Wilks of Guy’s Hospital in a case report in 1859 where he described a

case of fatal non-infectious diarrhoea.’ However, cases of non-contagious

‘bloody flux’ had been recordedas early as seventeenth century by writers such

as Thomas Syndenham.”

Crohn's Disease first became known as a medical entity when it was described

by Crohn, Ginsberg and Oppenheimer in 1932.> There had been earlier reports

of manifestations of Crohn's Disease by T K Dalziel in 1913, who reported a

case series of 13 patients with ‘chronic intestinal enteritis’. However his

views, though published, were not cited until many years later and the term

Crohn’s disease is now generally accepted.
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1.2 Pathogenesis

Theaetiologies of both ulcerative colitis and Crohn’s disease remain unknown.

The consensus is that the development of IBD requires a convergence of

genetic susceptibility, environmental trigger(s) and immune dysregulation.

The contribution of each individual components may vary, and may be

modified by endogenousfactors in different individuals.

1.2.1 Genetics

While many of the genes remain unidentified, the emerging data suggest that

IBD comprises a heterogeneous family of oligogenic inflammatory disorders in

which the specific clinical manifestations of disease in any individual are

determined by the interaction of genetic and environmental factors. Twin and

family aggregation studiesfirst provided evidence of the role of genetic factors

in the developmentof IBD.*’ The genetic componentis stronger in CD than in

UC. Jean Pierre Hugotinitially described the linkage with Crohn’s disease to a

region spanning the centeromere (IBD 1 locus) on chromosome 16.° Three

parallel publications confirmed the identity of the IBD 1 gene as nucleotide

oligomerisation domain (NOD) 2°"Which was subsequently renamed caspase

activating recruitment domain (CARD) 15. This gene not only expressed in

monocytes,” but also in primary epithelial cells and within Paneth cells of

intestinal epithelial cells.'*!* In patients with Crohn’s disease there is a greater

concentration ofNOD 2 mRNAin the Paneth cells. Tumour necrosis factor «,

13



which is an important pro-inflammatory cytokine, has a key role in the

regulation of expression of NOD 2/CARD 15 within the intestinal epithelial

cells.'° Wild type NOD 2/CARD 15 is involved in the activation of nuclear

factor-«B (NF-«B) which is triggered by bacteria binding to the Leucine Rich

Repeat domain of the gene.'” The common mutations of the NOD 2 gene

results in failure of this NF-«B activation.

Various IBDloci have since been identified on gene linkage studies which may

contain determinants of susceptibility or disease behaviour.'® Considering the

phenotype corresponding to UC and CD,researchers started studying genes

involved in the immune system such as HLA genes, TNFor its receptors,

interleukins, ICAM1, vitamin D receptor, interferon, etc. There continues to be

an ongoing search for genes with the hope that once a comprehensive

understanding of the complex genetics of IBD is achieved, this knowledge

should facilitate in the future the development of better therapies, perhaps

including preventive therapies for CD and UC.

1.2.2 Environmentaltriggers

Environmental changes are linked to the worldwide rising incidence of IBD.

Several and seemingly unrelated environmental factors have been implicated in

IBD pathogenesis. Smoking is the factor most strongly and unquestionably

associated with IBD, being a risk factor for CD but a protective factor for

UC.'’ Appendectomy for appendicitis or mesenteric lymphadenitis seems to

reduce the risk of UC by 69%.'® Use of NSAIDsare associated with an

14



increased risk of IBD. Several microorganisms, such as Listeria

monocytogenes, Chlamydia tracomatis, Escherichia coli, Cytomegalovirus,

Saccharomyces cerevisiae, and many more, have been proposed as having a

potential etiologic role.'? 2? There has been renewed interest around the

suggested etiologic role of Mycobacterium avium subspecies paratuberculosis

in CD as recent studies have suggested that the presence of MAP DNA within

gut tissue reflects a phenomenon which is predominantly associated with CD.

71 There is also increasing evidence that commensal bacteria, and their

products, provide the constant antigenic stimulus to disequilibrate the mucosal

immune system towards an overly aggressive response in a genetically

susceptible host with reduced tolerance towardsthe autologous flora.”*>

1.2.3 Immune dysregulation

It is now believed that inflammatory bowel disease occurs as the consequence

of a dysregulated immune response to normal constituents of the intestinal

flora in a genetically predisposed host. Such mucosal inflammation can be

attributed to either increased effector-cell function or decreased regulatory-cell

function.

In Crohn's disease there is a predominant T helper cell-type 1 mediated

immuneresponsein the gut wall.”° The production of IFN [gamma]andof IL-

12 and IL-18, which are cytokines primarily responsible for Th1 polarisation,

are markedly increased in patients with CD.”’ Additionally, IL-18 also drives

15



Thl1 cell differentiation, activates the transcription factors AP-1 and nuclear

factor-[kappa]B (NF-[kappa]B) in T cells.7* IL-21 is another newly described

T-cell cytokine which enhances Th1 signaling and IFN[gamma] production. It

is increased in CD in comparison with UC and controls.” The increased cell

activation determines a more abundantor sustained release of cytokines in CD

affected gut which is by itself potentially capable of maintaining amplifying

and perpetuating an inflammatory process, which evolves into chronicity.

Newerstrategies in the management include agents aiming to inhibit T cell

response, enhancing T cell apoptosis, anti TNF alpha antibodies and an

inhibition ofNF-[kappa]B.

The immunologyofulcerative colitis is less well understood. Lamina propria

T (LPT)cells from UCpatients produce significantly greater amounts of IL-13

(and IL-5) than controlcells andlittle IFN:-gamma.*’ Unlike Crohn’s disease,

there is a predominant T helpercell-type 2 medicated immune response UCis

mediated by nonclassical NKT cells producing IL-13 and having cytotoxic

potential for epithelial cells.*’

1.3 Epidemiology

1.3.1 Incidence and Prevalence

Conservative estimates have suggested that up to 4 million people worldwide

suffer from inflammatory bowel disease with as manyas 1.4 million persons in

United States and 2.2 million persons in Europe.” There is considerable

variation in the incidence rates in the various European nations as shown in

Figure 1.land Figure 1.2.8 In United Kingdom,incidencerates for IBD range

16



from 10 — 20 per 100 000 person-years for ulcerative colitis and from 5 — 10

4-41
: Prevalence rangescases per 100 000 person years for Crohn’s disease.

from 100 — 200 per 100 000 for ulcerative colitis and from 50 — 100 per 100

000 for Crohn’s disease.***! It has been suggested that this might be an

underestimate of the total prevalence and a study from North England which

used the clinical records of the general practitioner as the primary source for

case identification has estimated the prevalence of IBD to be as high as 387

cases per 100,000 persons (243 per 100,000 for ulcerative colitis and 144 per

100,000 for Crohn’s disease).”” Even this might be an underestimate of the

prevalence as it implies an average disease duration (prevalence/incidence) of

10 years of a condition which is known to last forlife. It is currently estimated

that up to 240 000 people in UKare affected by inflammatory boweldisease. 8
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Figure 1.2 Crohn’sdisease. Incidence/100 000 of population corrected for age and sex”

1.3.2 Demographic Features

1.3.2.1 Sex

There appear to be slight gender-related differences in IBD incidence. In

general, there is a slight female predominance in Crohn’s disease andifthere is

a slight gender predominance inulcerativecolitis, it rests with males.*

1.3.2.2 Age

Crohn’s disease and ulcerative colitis are most commonly diagnosed in late

adolescence and early adulthood with the mean and median ageat diagnosis of

ulcerative colitis being, in general, 5 — 10 years later than those of Crohn’s

disease.“**° These may, however, affect people at any age and 15% of people

are over the age of 60at the time of diagnosis.*°””

18



1.3.2.3 Socio-economic status

48-Sland case control studies >for bothIn early observational studies

ulcerative colitis and Crohn's disease there was an association between high

socio-economic status and an increased risk of the disease. However, recent

studies in high incidence areas have failed to demonstrate such an

association.’

1.3.2.4 Ethnicity

It is being increasingly recognized that ethnic and racial differences may be

more related to lifestyle and environmental influences than true genetic

differences.” Epidemiological studies show that South Asians who have

moved to England,and their offspring, are at increased risk of ulcerativecolitis

57-59
relative to whites,’’~”. Similarly, those who have movedto Singapore are at

increasedrisk relative to ethnic Chinese.”

There is a higher prevalence of IBD among Jews from Europe and America

compared with those from Asia and Africa, but those differences may be

narrowing Over time.o

The prevalence of IBD in African American children approached the overall

percentage of African Americans in an observational study in USA.® In the

UK it has been noted that, the risk of IBD among African-Caribbean children

was similar to that of white children™ andthe risk of Crohn’s disease among

whites and African-Caribbean adults was similar.™

19



1.3.3 Distribution and disease progression

1.3.3.1 Distribution at presentation

In a population based study of 1161 patients with ulcerative colitis, 48% had

proctitis or distal disease, 32% left sided, 18% total colitis and 2% defined at

presentation. Others have found similar results.An Italian study of 1705

patients found that 19% had proctitis, 34% had distal disease, 22% left sided

disease, 9% extensive and 16% pancolitis if aged < 25 at presentation.°’ These

figures remained remarkably constant until age > 50, when the prevalence of

distal disease was higher (42%) and that of pancolitis lower (10%). In the

European collaborative study on inflammatory bowel disease, the disease

extent in 519 patients at one year was recorded as proctitis in 22%, left sided

colitis in 53% andpancolitis in 24%.

Crohn’s disease may affect any part ofthe GItract but typically it is convenient

to consider Crohn’s disease patients in three equal sized groups:- those with

ileal disease, those with ileal and colonic disease and those with colonic

disease. *°? Among adults, only about 1% have exclusively jejunal disease,

but predominantly proximal disease is considerably more commonin children.

Majororal disease, with deep painful ulcers, occurs in about 10% of patients

with Crohn’s and can be their presenting feature.’”” Perioral and facial disease

may be the first evidence of Crohn’s disease and particularly so in the

paediatric age range. This affects around 10% of children to some extent, but

20



is muchless often the only feature of the disease. Orofacial granulomatosisis

strongly linked with and possibly the result of Crohn’s disease, and particularly

71 5 . . .
Anal involvement in Crohn's disease is moreaffects the lips and gums.

strongly associated with colonic than isolated small bowel disease, and in up to

5% of affected patients, this is unassociated with overt disease more

proximally.”

1.3.3.2 Disease Course

In a prospective study mapping the clinical course of the disease in the first

year of diagnosis, 50% of the patients with ulcerative colitis went into

remission while 12% had experienced chronic active disease. For patients with

Crohn’s disease, 45% of the patients remained relapse free until the time of the

one year follow up, 35% had experienced one or two relapses, while 11% had

chronic active disease.”

Data from cohorts that have had a longer follow up show that 18% to 28% of

the patients with ulcerative colitis are disease free at 5 years."“”° During a

given year, about 50% ofthe patients would be in remission, 30% would show

symptomsoflow activity and 20% would be highly to moderately active.”

The clinical course in Crohn’s disease is more variable and somewhat more

severe. In another retrospective study of over 2500 patients it was noted that

60% of patients would develop structuring or penetrating disease over long

2A



term with twenty-year actuarial rates of structuring, and penetrating disease

being 18, and 70%.”’ Silverstein and colleagues analysed medical records of

174 patients diagnosed with Crohn’s disease between 1970 and 1993 in

Olmsted Count, Minnesota.’* They defined a numberof disease states ranging

from remission to death, and calculated the proportion of time spent in each

state by following the course of the disease through the case records. In this

cohort of Crohn's disease patients, followed up for a total of 1957 person years

of observation, the proportion of total person years spent in each state is

summarized in Figure 1.3. Hence, despite periods of sometimes severe

disease, most of the clinical course of Crohn’s disease is spent in remission

(spontaneous, drug induced or post surgery). The authors estimated that for a

typical Crohn’s patient aged 28.1 years at diagnosis, the projected clinical

course would include: 11.1 years in medical remission (no drug), 18.9 years in

surgically induced remission, 12.7 years taking an aminosalicylate drug and 3.2

years taking oral corticosteroids or immunosuppressants.
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1.3.3.3 Mortality

In a recent UK based cohort study, which included 16,550 IBD cases with

1047 deaths, IBD was associated with an overall small increase (17.1 % vs.

12.3 % per 1000 person years) in mortality rate compared to controls.”

Population-based studies of IBD mortality reported in the last decade have

shown standardized mortality rates from 1.3 to 1.6 for CD 80:81 and of 1.4 for

UC,3182

1.3.4 Treatment options in inflammatory bowel disease

There has been a significant advance in the range of therapeutic agents

available to clinicians treating patients with inflammatory bowel disease. Due

to the absence of any curative treatment, management efforts are directed at

decreasing or preventing the inflammation that triggers symptoms, thereby

improving the patient's quality of life. The choice of therapy would depend on

the severity of disease, the presence of complications, site of macroscopic

disease involvement, local expertise and patient preference. Treatment options

for IBD include medications, dietary changes and sometimes surgery.

1.3.4.1 Drug Therapy

Various drugs have been used in the management of inflammatory bowel

disease, often in combination with each other.
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1.3.4.1.1 5 Aminosalicylic compounds

The use of aminosalicylic compoundsto treat Crohn's disease, either to achieve

or maintain remission, is sometimes controversial because notall studies have

consistently shown that they are effective for Crohn's disease. However there

is a well-established role of 5-aminosalicylates in the managementofulcerative

colitis. Different formulations are available and oral formsinclude:

e pH dependentrelease/resin coated (Asacol®, Salofalk®, or Ipocol®,

Mesren®)

e Time controlled release (Pentasa®)

e Delivery by carrier molecules, with release of 5 — ASA after splitting

by bacterial enzymes in the large intestine (sulphasalazine

(Salazopyrin), olsalazine (Dipentum®), balsalazide (Colazide®)).

Local (suppositories and enema) preparations of 5 ASA are also available for

use in distal colonic disease.

1.3.4.1.2 Corticosteroids

A proportion of patients with severe active disease may need corticosteroids

such as prednisolone to induce remission. These drugs are effective but have

significant side effects. This has led to development of newer synthetic

steroids aimed at limiting their activity to the lumen and thereby reducing

systemic side effects. These include steroids with a high first pass metabolism

(e.g. Budesonide) or in case of topical agents, poorly absorbed steroids (e.g.

topical predinsolone metasulfobenzoate).
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1.3.4.1.3 Immunosuppressants

Immuno-modulators are effective maintenance agents for steroid dependent

patient, though they can be used for induction of remission.

e Purine Analogues ( Azathioprine, 6-mercaptopurine)

Purine analogues are the mainstay of immunosuppressive treatment in Crohn’s

disease and ulcerative colitis. They are most often used in patients with

moderate to severe steroid refractory or steroid dependent disease and also

have a role in managementoffistulizing Crohn’s disease. Recently it is being

used in conjunction with anti TNF alpha antibodies to prevent the development

of antibodies against it. Close monitoring is required as this drug has

potentially serious haematological and gastrointestinal adverse effects.

e Methotrexate

Methotrexate is a synthetic analogue of folic acid and can be used to induce or

maintain remission in moderate to severe steroid refractory or steroid

dependent Crohn’sdisease.

e Ciclosporine

Ciclosporine has been used as salvage therapy among patients with severe

medically refractory ulcerative colitis who are headed for colectomy. It has

limited value in the management of Crohn’s disease, particularly in an era of

biological therapy.

e Others

Other available immunosuppressants include tacrolimus and mycophenolate

mofetil.
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1.3.4.1.4 Antibiotics

Antibiotics are effectively used in the managementof perianal Crohn’s disease

and fistulizing Crohn’s disease. It may also be used as mono-therapy in an

active phase of the disease. Antibiotics such as metronidazole, ciprofloxacin,

clarithromycin and antimycobacterial drugs have been used. Antibiotics are

also used for the infectious complications of the disease.

1.3.4.1.5 Biologic therapies

Advancesin the knowledge of the immunopathogenesis of IBD have opened

up a new array ofpotential biologically targeted treatments. Most experience

has been gained in the use of the monoclonal antibody, infliximab against

TNF-alpha. Other anti-TNF biologic agents have emerged, including CDP571,

CDP870, etanercept, onercept, and adalimumab.*® In the UK, the NICE

guidance recommendsits use to be reserved for patients with moderate to

severe disease, who are refractory to or intolerant of treatment with steroids,

mesalazine, azathioprine or mercaptopurine, and methotrexate, and where

surgery is considered inappropriate.**

Other agents being investigated for the treatment of CD include selective

blockers of adhesion molecules which mediate lymphocyte-endothelial

interactions required for leukocyte migration (natalizumab, MLN-02, and ISIS

2302), inhibitors of Th1 polarization (anti-IL-12, anti-IL-18, anti-interferon-

gama), inhibitors of T cell activation (CD40 ligand), anti-CD4 therapy (cM-
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T412, MAX.16H5, BF-5), growth hormone, immuno-stimulation therapy

(filgrastim, sargramostim), and immunomodulators (interferons).

Agents being investigated for treatment of ulcerative colitis include many of

those mentioned above, as well as daclizumab and basiliximab (antibodies to

IL-2 receptor), visilizumab (a humanized antibody directed at the invariant

CD3 chain of the T cell receptor), repifermin (a keratinocyte growth factor),

and epidermal growth factor.®*°

1.3.4.2 Nutritional therapy

Nutritional therapy in Crohn's disease has two purposes: repletion of nutrients

and treatment ofthe primary disease.*°

Nutritional deficiencies are often seen in severe ulcerative colitis and long

standing Crohn’s disease, especially when the small intestine is involved.

Enteral supplementation may be required when there is protein-calorie

malnutrition. In patients with severe malnutrition it may be appropriate to

considertotal parenteral nutrition prior to major bowel surgery. Patients with

short bowel syndrome from multiple small bowel resections may require

enteral nutrition and some with severe short bowel syndrome may requirelife-

long total parenteral nutrition.

Nutrition may be used as primary therapy to modulate inflammatory activity

and is often used as disease modifying therapy for growth failure in children or

adolescents with active small bowel disease. Meta-analysis of defined formula
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liquid diet in CD versus corticosteroids confirm superior efficacy of

steroids.®”*8 However, these meta-analyses have been criticized as they have

combined studies in which a variety of chemically defined, elemental and

polymeric, diets have been used. It may be used in preference to steroids,

immunomodulators, or surgery for any patient with active Crohn’s disease, or

for those unresponsive to mesalazine or in whom corticosteroids are

contraindicated.®?

1.3.4.3 Surgery

Somepatients require surgery because medical therapy does not control their

symptoms or because complications such as obstruction, abscess, perforation

or bleeding into the intestines have developed. Between 30% and 40% of

patients with chronic ulcerative colitis will need surgical intervention in the

course of their disease, whereas between 70% and 80% of Crohn’s disease

patients will require surgery at somepointafter diagnosis of the disease.”””!

The commonly performed surgical procedures in Crohn’s disease include

intestinal resection, strictureplasty and abscess drainage. Patients with

refractory ulcerative colitis or those developing colonic dysplasia / cancer may

need panproctocolectomy with ileostomy or ileoanal pouch surgery.

The rate of surgery has been relatively unchanged overthe last four decades.”

Howeverit is expected to go down with the increasing use of newer biologic

agents.
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1.4 Cost-of-illness(COl) studies

Health economics is exerting an influence on decision makingat all levels of

health care because of increasing demands on limited resources. In response to

the fiscal pressures, there is a need to justify expenditure and to maximise the

use of available resources in an efficient manner. Economic evaluations help

us to gather information for comparative analysis of alternative actions after

taking into consideration the costs and consequences. The goal is to compare

competing medical measures by taking into account their cost structure and

economic viability. Through these evaluations health economists strive to

attain optimal allocation for limited resource in the medical sector. Therefore,

it is importantto haveprecise and reliable estimates of the economic impact of

the disease, as well as of the major components that contribute to the overall

costs.

Cost-of-illness studies are important tools that have been used to measure the

economic burden of a disease.

1.4.1 Cost ofillness

Cost of illness studies aim to identify and measure all costs of a particular

disease. Estimating the total societal cost of an illness is a useful aid to policy

decision making and tells us how much society is spending on a particular

disease. They have been used to shape public health policies because they can

highlight the magnitude of the impact of an illness on society or a part of
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society. One goal of such a cost analysis is to emphasize the proportion of

various elements contributing to the cost of illness. These analyses could

retrospectively be utilized to compare different treatments and illnesses in

terms of their costs. Moreover, cost figures from these studies provide

estimates for use in cost effectiveness, costutility and cost benefit analyses.”””*

1.4.2 Components of COI studies

COI studies try to assess the overall economic burden of the disease and a

comprehensive study would include direct, indirect and intangible costs.

1.4.2.1 Direct Costs

Directs costs include the costs resulting from the management of the disease

and include cost incurred for investigations, treatment and services

d°** in the primary or secondary care setting including outpatientary g gprovide

costs, in patient costs or costs associated with attending emergency department

or even hospice care. One challenge with calculating direct medical costs,

particularly hospital costs, is that charges are often the only data available.

Because of the nature of determining hospital charges, they often do not

accurately reflect the underlying costs.” Charges are often higher than costs to

cover losses from patients who are unable to fully pay their expenses, such as

procedures not covered by insurance companies, and to cover the overhead and

depreciation costs.” In addition, most insurers negotiate reimbursement rates

and receive substantial discounts off listed charges. This practice causes
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surveys to overestimate the costs of an illness. To obtain more accurate

estimates, studies must usepatient level data with itemised costing.”

There is a further difficulty in the UK system where, in contrast to the North

American and other systems, only a small proportion of healthcare is provided

by insurance based schemes. In the NHS, which provides the bulk of the

healthcare in UK, there is no system for collecting itemised data in disease

states.

1.4.2.2 Indirect costs

Indirect costs are defined as indirect consumption of resources due to the

treatment and bytheillness. For many diseases, indirect costs are substantial

and can be significantly greater than the direct medical costs.”> °°°’These

include factors like inability to work; morbidity costs due to absenteeism and

presenteeism; informal care costs (in terms of the opportunity cost of hiring

outside care); and, for the few relevant cases such as travel expenses, early

retirement, costs of death and time invested by relatives.” Primary approaches

to estimate indirect costs include the human capital method and the friction

cost method.

1.4.2.3 Intangible costs

There are intangible costs associated with a person’s pain and suffering that

cannot be easily quantified in fiscal terms. Intangible costs measures the
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various dimensions including somatic factors, mental factors, psychological

factors and social factors. The determination of intangible costs is problematic

due to the subjectiveness of value estimation. A therapy may appear to lead to

improvement of clinical parameters and be more reasonable regarding direct

and indirect costs, yet may lead to a decline in quality of life of the patient. To

determine quality-of-life, three main categories of different, internationally

validated measuring instruments are available — instruments to measure

individual preferences, general health profiles and health specific

instruments.”

1.4.3 Special considerations in Cost-of-illness studies

Oneofthe criticisms in COI studies is the comparability and generalizabilty of

the data that is obtained in the different diseases and of the same disease in

different health care systems. This is partly because of the heterogeneity in the

methodology of the study. It is therefore important to understand the various

aspects ofthe study design and these need to be clearly stated in each study.

1.4.3.1 Study design

Studies of cost of illness tend to employ either ‘prevalence’ or an “incidence

approach’. The prevalence methodis the commonestandin this a cross section

of the cases are identified and their associated costs are quantified over a given

time frame.
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This approach might involve an attempt to consider the ‘national’ picture by

extrapolating resource use data from various surveys and national disease

registers, or more typically involve a detailed patient level costing of real

patient data for a sample of cases treated at a single centre or covered by a

specific third party insurer.”® In the incidence approach, the emphasis is on

longitudinal follow up from initial diagnosis of patient costs over a lifetime of

disease for cases beginning within the period of the study, usually a year.

An approachto costing illness may rely exclusively on actual measurements of

the frequency of resource use in different categories and their item costs, or

involve mathematical models or simulations to synthesise available data from

varying sources (e.g. published literature, expert opinion, real patient-level

data).

1.4.3.2 Study Perspective

A cost-of-illness study may be conducted from several different perspectives,

each of which includes slightly different costs. These perspectives may

measure costs to society, the health care system, third-party payers, businesses,

the government, and participants and their families.” Each perspective

provides useful information aboutthe costs to the particular group.

1.5 Costofillness in inflammatory boweldisease

Inflammatory bowel diseases are chronic, relapsing conditions that have no

permanent drug cure, may occur for the first time in early life and have the
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potential to produce long term morbidity. In the era of emerging therapies for

IBD,the costs associated with IBD haveattracted increasing attention.

1.5.1 Direct Costs of IBD

In a study in Sweden cross-sectional data from a variety of national registers

° Data wereand surveys was used to estimate the total national burden.’°

obtained on levels of ambulatory care, hospital admissions, medication, sick

leave and early retirement for IBD. National DRG charges were used to

estimate hospital costs and the ambulatory care was assigned an average

consultation cost. The annualtotal national direct cost (converted to 1994 US$)

for IBD wascalculated to be at $27.5 million in Sweden. Although ulcerative

colitis was twice as common as Crohn’s disease, in healthcare use these roles

were reversed with greater costs associated with the latter condition.

Pinchbecket al used hospital and physician records and a patient questionnaire

to estimate the overall impact of IBD in 2,340 patients with ulcerativecolitis or

Crohn’s disease identified from the Albertan population of 1,295,360.'"' Using

the billing rates of the Alberta Healthcare Plans for 1985, the mean cost per

patient-year was $4,400 for Crohn's disease and $3,020 for ulcerative colitis.

A small minority of the patients (7%) accounted for a disproportionate amount

of the hospital bed days (69%). Interestingly, they noted that average cost-per-

year washighestearly in adult life (aged 15-24 year category).
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Hayet al basedtheir analysis on claims database from a large insurer in USA

(the CIGNA Corporation). They extracted data for all patients who submitted

at least one claim for IBD over a one year financial period in 1988-9.’ From

their analysis of 770 patients of UC and 4212 patients of CD, Hay et al

reported mean (median) annual charges of $5,863 ($1,463) and $8,727

($2,651) for ulcerative colitis and Crohn’s disease, respectively. The cost data

was highly skewed with the ‘top’ 2% of individual claimants incurredbills that

accounted for approximately a third of all charges for these diseases during the

year of study. Conversely, the cumulative charges for around half the patients

contributed less than 7% of total charges for inflammatory bowel disease.

There are a numberoflimitations of such studies as they tend to overestimate

the average costs per patient. For example, their dataset excludes patients

covered only by governmental programs(i.e. uninsured) and it overlooks IBD

patients insured with the company but who are in remission or whose costs

were too small to make a claim during the year ofinterest.

Another insurance claims based study from North America used data for

employees of 50 of the largest employers in the U.S.A.'8 Over a 12 month

period, 607 insured persons submitted claims for Crohn’s disease, and the costs

were described for three groups of patients i.e. patients requiring

hospitalisation (1 in 5 patients), those requiring aggressive medical therapy and

the remaining majority of patients. Similar to Hay’s study, these authors found

that 57% of total direct care charges were attributed to in-patient care whereas

drugs accounted for just 4% oftotal charges.
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Hayet al produceda decision algorithm that defined several stages of disease

(e.g. initial diagnosis, long term medical therapy, hospitalisation, surgery and

disease complications) and estimated the proportion of patients within each

02 The direct costs associated with thestage based onliterature review.’

treatment of each disease stage was modelled based on the costs of office

visits, diagnostic tests, drug therapy, surgery and intravenous nutrition,

hospitalization and management of complications. This approach estimated the

mean annual medical exis for Crohn’s disease and ulcerative colitis at

US$6,561 and US$ 1,488, respectively. The model predicted that 50% ofall

direct medical costs would beattributed to hospitalisation and surgery.

Silverstein et al used Markovanalysis to describe the scale and profile of costs

over a lifetime of Crohn’s disease.“ Real-patient observational data was used

to model the clinical course of a ‘typical’ Crohn’s sufferer over a lifetime of

disease. Aspart of this study, the authors estimated costs associated with each

Markovstate in order to generate a profile of lifetime costs. It was observed

that surgical state and severe disease state accounted for 1% and 7% of the

average life expectancy with an average lifetime cost of $17,526 and $5,147

respectively. Mild disease or remission state accounted for 68% and 24% of

the life expectancy with the costs amountingto a life time cost of £11,467and

$5,765 respectively.
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1.5.2 Indirect costs of IBD

1.5.2.1 Productivity Losses to society

Productivity losses fall on employers, individuals and society in general.

However, such losses are of limited day-to-day relevance to those charged with

balancing the books of healthcare provider organisations, whether at the level

of a national health service or an individual provider unit (e.g. hospital).

Nevertheless, these costs are important in considering the total burden of an

illness to the wider economy.

Hayet alestimated total IBD-related productivity losses to the U.S.A for 1990,

(assuming that there were between 380,000 and 480,000 sufferers nationally)

to be US$ 0.4—0.8 billion per annum. This accounted for approximately 15 —

44% of the total cost of IBD.'Over the lifetime of the disease these figures

become comparable to estimates of other chronic illnesses because the early

age of onset of IBD.

The AGAestimated indirect costs associated with health care delivery to be

around 10% ofthe total costs for patients with Crohn’s disease.'°° These might

be conservative estimates as they did not take into account missed work days

or labour force nonparticipation.
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Blomqvist et al estimated that the total productivity loss per year to the

Swedish economy was US$ 85.9 million based on estimates of sickness leave

and early retirementas a result of IBD.'°°

A survey of the Albertan population estimated that the mean number of days

incapacitated per year for Crohn’s disease and ulcerative colitis, respectively,

were 26.1 and 17.5 days. The average days spent in hospital were 7.43 and

5.3. However, the distribution was highly skewed by a minority of sufferers

having high levels of productivity losses.!”!

Longobardi et al conducted regression analysis using national survey data and

estimated that patients with IBD on average incur $7260 annually in indirect

costs resulting from labour force nonparticipation.'”°

Jaun et al estimated indirect costs to be €7605 per patient year for a sample of

patients with CD in Spain.'°’ They accounted for all components of indirect

costs including labour force nonparticipation, sick leave and loss of leisure

time.

1.5.3 Conclusion

There is a lack of reliable data for the cost of illness of IBD for the health care

system. Most current studies have low reliance and reliability because of the

inherent nature of the data collection. This includes bias because of sampling

(e.g. including only inpatients or including patients from a single insurance
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claims database) or limitation in data reliability because of the small sample

size. Bias also creeps in if the cost estimates are derived from pooled IBD

patient samples or if the studies have relied entirely on survey data. Studies

based on modelling are able to provide only medium reliability. Studies are

required which use objective cost accounting methodologies that are based on

reliable unselected data sources and include comprehensive cost components.

It will also be useful to have individual level billing data. No such studies have

been done in the UK butare essential for planning services. This is in part

because ofthe difficulty in gathering individual patient level data in the NHS.
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1.6 Utility measures

1.6.1 Introduction

Constraints on healthcare resources in the United Kingdom and the

introduction of the National Institute for Clinical Excellence (NICE) have

made economic evaluations an increasingly important part of health care

decision-making.’"® Cost utility analysis (CUA) is a form of economic

evaluation that seeks to relate the cost of alternative health programmes or

treatments to a generic measure of quality-of-life. Health outcomes in CUA

are generally measured in terms of the Quality Adjusted Life Year (QALYs), a

global outcome variable that attempts to express both quantity and quality of

life.

1.6.2 Quality Adjusted Life Year

QALYsattempt to provide a single measure that reflects changes in quantity of

life (mortality) and/or quality of life (morbidity) provided by an

intervention.!!°''! This uni-dimensional scale allows comparisons to be made

not only between interventions in the same therapy area, but also across

different disease areas. Estimates of cost-per-QALY have been suggested as a

meansof indicating whether or not an intervention provides good value for

money. Treatments or interventions having a low cost-per-QALY are deemed

to represent an efficient use of healthcare resources (e.g. Pneumococcal

112
vaccination in individuals 65 years or more; £273 per QALY “). Conversely,
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medical procedures or treatments at the top of the QALY “league table”(e.g.

use ofbeta interferon in patients with secondary progressive multiple sclerosis;

> £100,000 per QALY '3) are judged to provide lower health gains per pound

spent.

The QALY approach depicts life as a simplified series of quality-weighted

health states. The quality weight, or “utility” score, of a particular health state

reflects the desirability of living in that state. A weight of zero represents

death (or a health status that is equivalent to being dead) whereas a score of

one reflects good health (or best attainable health). In CUA, a number of

discrete health states are defined for a particular disease process and utility

scores are allocated for each state. QALYsare derived by multiplying the

utility score for each state by the time spent in that state. For example, if the

utility score for chronic hip osteoarthritis is 0.9, then a stable patient with this

condition would gain 0.9 QALYs for each year of life spent in this state.

CUAsgenerally comparerival treatment strategies over a specified timescale

and may expressthe results as an incremental cost-per-QALY. This indicates

the extra expenditure required for a new therapy to produce | additional QALY

of health gain when compared to a cheaper but less effective treatment

alternative.

1.6.3 Measuring QALYs

There are principally three methods employed to directly measure the utility

scores needed to estimate QALYs. These include the visual analogue scale
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(VAS), time trade off (TTO) and standard gamble (SG) techniques. The VAS

approach is the simplest method and involves asking a respondentto indicate

their global assessment of a specified health state on a line running from 0

(worst possible health or death) and 1 (perfect health). An average score for

each health state is derived from a numberofpatients.

In the standard gamble method, respondents are given a theoretical choice

between remaining in their current (but less than perfect) health state or

“gambling” for the possibility being restored to perfect health. The “gamble”

involves being prepared to accept a treatment that offers a probability (p) of

being immediately restored to perfect health but a small risk (1-p) of immediate

death. The probability of being restored to full health (p) is varied until the

individual is indifferent between the alternatives (remaining in their current

state versus taking the “gamble”). The quality weight of the health state is then

equalto p.

In time trade off technique,|“ an individual is asked to consider whether they

would trade survival (quantity of life) for an increase in quality of life. A

series of questions establishes the numberof years of perfect health (followed,

theoretically, by death) that an individual would bewilling to accept in place of

simply continuinglife in their current state for their remaininglife expectancy

(y years). An example of a “trade off’ question to an IBD patient mightbe:

“Would you prefer to live for 7 years in perfect health or 10 years with your

current level of moderately active colitis?” The number of years of perfect
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health (x) is varied until the subject is indifferent to the trade-off. The utility

score is then equal to x/y.

There have been a numberofcriticisms of the various methods for obtaining

utility scores and there is no consensusas to which is the best method. The SG

and TTO techniques ask patients to consider rather abstract, hypothetical

choices. The TTO approach may appear less realistic, as we seldom face

health choices where we know for sure that we’ll live for a specific number of

years. Clearly, it is difficult to know if hypothetical choices indicated by

"lS Although much simpler, thepatients would conform to their real choice.

VASdoesnot involve asking a patient to make explicit choices and so doesn’t

assess preference or trade off.''° These controversies are reflected in the fact

that the different methods may produce different results for the same disease

condition and there is lack of standardisation across various studies, !!©1!8

Whilst QALYs provide an indication of the benefits gained from medical

interventions (in terms of quality of life and survival for patients) they are far

from perfect as a measure of outcome. They may not adequately reflect inter-

individual differences with respect to the impact of specific health changes on a

given patient’s true quality of life. Hence, every extensionoflife is assumed to

have the sameaverageutility gain irrespective of the individual involved or the

fact that different individuals value such gains in health status more than

others. For example, loss of the use of voice is valued the same whether the

individual concerned is a career singer or painter. However, few outcome

variables can adequately reflect such differences. As with any quality-of-life
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measure, confidence in the mean score applied for a specific disease state is

greater when derived from a large and representative sample of individuals. A

further criticism of utility scores and QALYs relates to the fact that

calculations of gains in health are unaffected by the level of health status

before or after any gain occurs.

One perceived advantage of using QALYs in economic evaluations is that it

allows for the development of QALY league tables. In theory, the ranking of

different health programmesor treatments in terms of cost-per-QALY allows

for rational, scientific and objective judgements to be made in relation to

resource allocation. Empiric observations suggest that the society is generally

willing to pay for healthcare interventions that cost less than US$ 50,000 per

QALY.''? In UK, NICE has adopted a costeffectiveness threshold range of

£20,000 to £30,000 per quality adjusted life year (QALY) gained.”

The major limitation of QALY league tables is that the methods used for

estimating cost-per-QALYfor each specific intervention may vary widely. A

numberof factors may influence the cost-per-QALYcalculation, including the

time frame of the study and the range of cost items included. Some CUAsare

based on probabilistic decision-analysis techniques (theoretical models)

whereas others are based on real costs and outcomes derived from a specific

clinicaltrial.
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1.6.4 Utility Measures in Inflammatory Bowel Disease

The recent advent of high cost immunomodulatory therapies has brought issues

of cost-effectiveness in IBD management into sharp focus.’ Most IBD

treatments offer improvements in patient well-being rather than altering life

expectancy. Ideally, QALY assessments would seek to assess the net effects of

both the negative and positive aspects oftherapy.'”

A summary ofthe relevant studies measuring QALY in IBD is shown in Table

1.1 and Table 1.2. A variety of techniques have been employed for deriving

health state utilities in these reports, including TTO, SG, VAS and simple

expert opinion.

1.6.4.1 Studies assessing Utility Scores in Crohn’s disease

The largest reported series providing patient-derived utility scores for CD was

a Canadian study in which 180 adult patients with Crohn’s disease were

interviewed (excluding those with severe morbidity or those requiring

127 Disease severity was assessed clinically using theimminent surgery).

Crohn’s disease activity index (CDAI) and quality oflife by the well-validated

IBDQ. Patients were stratified into three groups depending on the clinical

activity of the disease (mild, moderate or severe). Utility assessments were

undertaken using TTO, SG and VAStechniques. This study foundthatutility

measurements were less responsive to change than CDAIorpatient’s global

rating of disease severity. This suggests that utilities may be inferior to the

other evaluative instruments commonly used inclinical trials, where it may be

45



necessary to detect small but clinically significant differences in health-related

quality of life (HRQOL). However, the authors confirmed a close linear

relationship between CDAIscores andutility measures.

A study by Casellas et al '23 was designedto investigate the impact of surgery

for CD on HRQOL. The authors derived utility values from 29 patients in

post-operative remission, 42 patients with clinically active disease and 48

1 '* performed apatients with medically induced remission. Trallori et a

lifetime cost utility analysis of drug treatments for maintaining remission in

Crohn’s disease. In their study, CD was stratified into 5 levels according to

whetherpatients were in remission (operated or not operated) or in relapse (not

requiring hospitalisation; hospitalisation without surgical intervention; or

hospitalisation with surgical intervention). The utility data in each of these

states was estimated by a group of 10 expert gastroenterologists from Italy (See

Table 1.1). Tillinger et al '25 yerformed a prospectivetrial to investigate short

and long term effects of surgical resection on HRQOLin patients with CD.

Disease activity (CDAJ), quality of life [using direct questioning of objectives

(DQO)andthe rating form of IBD patient concerns (RFIPC)] and health state

utility (TTO method) of 16 patients was measured using CDAI preoperatively

and at 3, 6 and 24 monthspost operatively.

There is only one published estimate of utility scores for fistulating Crohn's

disease. Arseneauet al '*° evaluated scores in patients with CD (17 fistulizing

and 15 nonfistulizing) and 20 healthy individuals using the SG technique (See
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Table 1.1) These data were incorporated into a cost utility Markov modelling

exercise of various strategies to treat fistulae associated with CD.

Table 1.1: Preference Scores in Crohn’s disease

 

 

 

 

 

  

Health state Preference Score Utility Preference
- mean (95% Cl) Measure Determined

by (n)
Remission of non-operated Crohn’s 0.9 Judgment" Experts
Remission of operated Crohn’s 0.85
Crohn’s relapse not requiring hospitalization 0.6
Crohn’s relapse requiring
hospitalization without surgical intervention 0.55
Crohn’s relapse requiring
hospitalization with surgicalintervention 0.5
Fistulating CD 0.73 (0.65 - 0.81) sc’ Patients (32)
CD complicated with perinal abscess 0.62 (0.52 - 0.72)

Healthy
Fistulating CD 0.77 (0.66 - 0.88) SG Volunteers
CD complicated with perianal abscess 0.72 (0.59 - 0.85 (20)

Remission (CDAI < 150) 0.96 (0.94 - 0.99) TIO” Patients (49)
Active Therapy Resistant (CDAI > 150) 0.88 (0.83 - 0.93) Patients (52)
Active Therapy Responsive (CDAI < 150) 0.98 (0.96 — 1( Patients (34)

Acute Exacerbation (CDAI > 150) 0.89 (0.84 - 0.94) Patients (45)

Remission (CDAI < 150) 0.88 (0.84 - 0.92) SG Patients (49)

Active Therapy Resistant (CDAI > 150) 0.74 (0.68 - 0.80) Patients (52)
Active Therapy Responsive (CDAI < 150) 0.86 (0.82 - 0.9) Patients (34)

Acute Exacerbation (CDAI > 150) 0.77 (0.7 - 0.84 Patients (45)

Remission (CDAI < 150) 0.84 (0.80 - 0.88) VAS Patients (49)

Active Therapy Resistant (CDAI > 150) 0.61 (0.55 - 0.67) Patients (52)

Active Therapy Responsive (CDAI < 150) 0.82 (0.76 - 0.88) Patients (34)

Acute Exacerbation (CDAI > 150) 0.60 (0.53 - 0.67) Patients (45)

Active Disease (HB > 2) 0.50 VAS” Patients (42)

Remission of non operated Crohn’s (HB <2) 0.82 Patients (48)

Remission of operated Crohn’s (HB < 2) 0.90 Patients (29)

Active Disease (HB > 2) 0.67 EuroQoL Patients (42)

Remission of non operated Crohn’s (HB <2) 0.86 Patients (48)

Remission of operated Crohn’s (HB < 2) 0.87 Patients (29

Remission of operative CD (CDAI < 150) 0.96 Tro” Patients (12)

Chronically active Disease (CDAI > 150) 0.71 Patients (4)   
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1.6.4.2 Studies assessing Utility Scores in Ulcerative Colitis

McLeodetal '*® used the TTO methodto estimate utility scores in UC patients

requiring surgery. They studied 20 patients who hadutility scores derived pre-

operatively and 1 year post-operatively. Pre-operative disease activity was

classified as mild, moderate and severe, as assessed by an attending surgeon

and bythe patients own assessmentofthe disease. A cross-sectional survey of

a second group of 93 patients, who had undergone surgery (conventional

ileostomies, Kock continent ileostomy or ileal reservoirs) at least 1 year

previously, was also performed using the same methods.

1 '? conducted a prospective evaluation of health related quality ofMuir et a

life in 20 patients before and after ileal pouch anal anastamosis for ulcerative

colitis. TTO, RFIPC and SF36 were used to measure health utility and

HRQOLpreoperatively and 1, 6 and 12 months postoperatively. Robb et al

evaluated changes in SF-36, RFIPC andutility scores (TTO and SG)in patients

with UC or familial adenomatous polyposis (FAP) undergoing restorative

colectomy.

A summary ofall studies is shown in Table 1.2.
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Table 1.2: Preference Scores in Ulcerative Colitis

 

 

 

 

     

Health state Preference Utility Preference
Score - measure Determined
mean(SD) by (n)

Mildly active disease 0.66 (0.35) TTO™ Patients (8)
Moderately active disease 0.49 (0.31) Patients (7)
Severely active disease 0.76 (0.30) Patients (5)
Post operative remission ( 1 year) Tro™

Conventionallleostomies 0.97 (0.08) Patients (28)
Kock Continentlleostomies 0.97 (0.06) Patients (28)
lleal Reservoirs 0.95 (0.15) Patients (37)

Preoperative TTO”’ Patients (20)
(severe disease or patients with dysplasia) 0.59 (0.28) Patients (17)
One year Post Operative
(Ileal Pouch Anal Anastomosis) 0.93 (0.09)
Post Ileal Pouch Anal 0.95 Tro” Patients
Anstamosis (For UC or FAP) (138)
 

1.6.4.3 Utility values for different states in IBD

From these studies, utility scores of between 0.84 and 0.96 have been derived

for disease remission in CD (defined by CDAI < 150 or HB < 2).!73*!77 This

suggests that patients in remission value their health state to be near normal

(utility value of 1). Estimates of utility scores for acute exacerbations of

disease range from 0.50 to 0.89.'23!27 Patients with severe disease whichis

responding to treatment (such as immunosuppressants) have utility scores in

the range 0.82-0.98.'2” As expected, lowest utility scores for CD are seen in

severe disease that has been resistant to treatment (including those needing

hospitalisation and/or surgery) with scores of around 0.5-0.55.'* These latter

values are comparableto utility scores elicited for patients with chronic renal

failure requiring hospital haemodialysis’*' or for patients with stroke'**, Post-

surgical remission in CD is associated with scores of between 0.85 and 0.96,

similar to medical remission.
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In Arseneau’s study, the mean utility score of CD patients with perianal fistula

3 '7° in a groupofreal patients. Interestingly, there was nowas estimated at 0.7

statistical difference in utilities elicited from healthy individuals asked to

imagine the same health state. Mean utility values for CD complicated by

perianal abscess were estimated to be 0.62 by real patients and 0.72 by healthy

individuals. Utility scores following treatment with infliximab were estimated

to be 0.85 by CD patients and 0.72 by healthy individuals.

Most of the studies in UC werein relation to surgery. Pre-operative utility

scores in most studies have been varied between 0.58 — 0.87.'78!°° In all

studies there had been a significant improvementofutility scores, with 1 year

post-operative scores of between 0.93 and 1,128130:133 signifying that the

patients feel that their health status was near equivalent to normal post-

operatively (this was independentofthe surgical technique used).

There is considerable variation in the utility scores derived for various health

states in IBD. This variation can be partly explained by the valuation

technique, health state description and the background and perspective of the

] 127respondent. Gregor et a compared the three main methods of deriving

utility scores and found that the VAS technique yielded lowest scores and SG

approachyielded highest estimates for a given health state.
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In Arseneau’s study, the mean utility score of CD patients with perianal fistula

3 |°° in a groupofreal patients. Interestingly, there was nowas estimated at 0.7

statistical difference in utilities elicited from healthy individuals asked to

imagine the same health state. Mean utility values for CD complicated by

perianal abscess were estimated to be 0.62 byreal patients and 0.72 by healthy

individuals. Utility scores following treatment with infliximab were estimated

to be 0.85 by CD patients and 0.72 by healthy individuals.

Most of the studies in UC were in relation to surgery. Pre-operative utility

scores in most studies have been varied between 0.58 — 0.87.'7°1°° In all

studies there had been a significant improvementofutility scores, with 1 year

post-operative scores of between 0.93 and 1,128-130:133 signifying that the

patients feel that their health status was near equivalent to normal post-

operatively (this was independentofthe surgical technique used).

There is considerable variation in the utility scores derived for various health

states in IBD. This variation can be partly explained by the valuation

technique, health state description and the background and perspective of the

1271respondent. Gregor et a compared the three main methods of deriving

utility scores and found that the VAStechnique yielded lowest scores and SG

approach yielded highest estimates for a given health state.
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1.6.5 Conclusions

The QALYhas becomea favoured outcomevariable among health economists

and public health strategists. Better understanding of QALYs should allow

gastroenterologists to design prospective studies that determine not only the

clinical effectiveness of interventions but also their value-for-money. Such

data will facilitate discussions regarding resource allocation for patients with

gastrointestinal disease, particularly in relation to justifying the use of newer

high cost treatments. There are no studies in the UK recording the QALY of

patients in IBD and there have been no studies in which the QALY has been

expressed in different disease severity grades of the disease.

51



1.7 Focus and aimsofpresent research

IBD is a chronic relapsing inflammatory disorder of the GI tract. It is

characterized by episodes of clinical relapse caused by exacerbation of

intestinal inflammation and treatment is aimed at reducing the inflammation

and subsequently maintaining remission. Patients need lifetime medical care

and the direct costs associated with disease managementare therefore high. In

addition, early age of disease onset in most patients increases the length of time

that IBD can impair economic productivity (i.e. impacts on indirect costs)

compared with other chronic illnesses. Therefore, IBD presents a significant

economic burdento society.

It is importantto have precise andreliable estimates of the economic impact of

disease, as well as of the major components that contribute to the overall costs.

Limited data from other health economiesare available but there are almost no

robust data for the UK. Hence, weare largely ignorant of the scale of total

costs, the relative contribution of different items and the patient factors that

determine costs of care within the National Health Service. With advances in

therapy there is increasing emphasis on theoretical cost-effectiveness analyses

as part of health technology assessments but a scarcity of patient-level data for

UK practice represents a barrier to progress in this area. There is also a

shortage of information describing quality of life using outcome measures

relevant to health economic assessment. The work presented in this thesis

attempts to fill this knowledge gap by describing direct, indirect and intangible
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costs associated with IBD and exploring the factors associated with variation in

these measures.

In chapter 2, a detailed description of direct costs of IBD for an adult

population is described based on a micro-costing audit dataset of patient-level

information for a large cohort of patients attending a single UK centre.

Statistical techniques relevant to highly skewed cost data are applied and

models generated to quantify the contribution of clinical variables to total

direct medical costs. The financial cost of disease relapse is quantified.

In chapter 3, a description of indirect costs arising from lost productivity and

out-of-pocket expenses falling directly on patients is presented based on a

questionnaire survey of the same patient cohort. The description of

‘intangible’ costs was based on quality of life questionnaires and correlated

with the clinical states employed in chapter 2 when describing costs.

In chapter 4, the feasibility of directly eliciting health state utilities and

willingness to pay in inflammatory bowel disease is reported and data is

presented for utility scores derived different utility techniques. The

psychometric properties of patient-elicited utility estimates and willingness-to-

pay bids were tested using data obtained usingtradition clinical and quality of

life instruments.

In chapter 5, the scale, profile and determinants of the direct cost ofillness of

inflammatory bowel disease in children attending a specialist at a paediatric
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hospital is described and contrasts are made with the costs incurred by the adult

population.
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2 Direct Costs of illness in Adult IBD

2.1 Introduction

Crohn’s disease and ulcerative colitis, collectively known as the inflammatory

bowel diseases (IBD), are chronic conditions of unknown aetiology. The

clinical spectrum of IBD is very wide and ranges from an asymptomatic,

quiescent state to life-threatening, severe illness. Although relatively

uncommonandrarely fatal, these disorders typically affect people during their

economically productive adult lives and may require extensive medical and

surgical interventions over several decades of disease. 134135 The potential

economic impact ofmanaging IBDis therefore considerable. 78;100-103;134-138

There is pressure within all health care systems to control expenditure and a

growing acceptance of the need for more accurate information on the costs of

different diseases.'** In the United Kingdom,detailed cost data for individual

diseases are difficult to obtain owing to the absence of any systematic process

for recording patient-specific resource use. Asa result, our knowledge of the

level and profile of health care costs for IBD in Britain is remarkably limited.

In other healthcare systems, the billing databases of third party health insurers

have served as a source of information about resources consumedbyindividual

patients with IBD.'° However, the level of information contained in such

databases is generally limited to basic demographics and broad diagnostic

labels. More detailed studies from other countries have relied either on

55



retrospective analyses ofreal-patient data (describing resource use in a defined

278 100;136-138 Oy theoretical mathematical modelling,‘ or onpatient cohort),

extrapolation of various national surveys.'°’ However, there have been no large

scale studies undertaken within the UK National Health Service.

Current therapies for IBD are often palliative rather than curative. Novel

immunomodulatory agents are currently attracting muchinterest, though their

high acquisition cost has contributed to relatively restricted criteria for their

approved use.'°° Robust cost-effectiveness data for rival IBD therapies are

lacking as few therapeutic trials have incorporated the prospective collection of

resource data. Furthermore, given the lack of published primary data for levels

of resource use among IBD patients in the UK, the cost inputs used for

theoretical modelling exercises have relied on subjective cost estimates rather

than real-patient data. This clearly raises questions about the validity of such

analyses andtheir relevance to day-to-day practice.

The aimsofthe present study were (i) to define the profile of costs incurred by

a large cohort of patients with inflammatory bowel disease attending a single

UKcentre and to correlate costs-of-care with demographics, disease type and

other clinical variables (disease severity and extent); and (ii) to determine the

financial cost of disease relapse, by comparing health care costs of patients

with quiescent disease to that of patients suffering an acute exacerbation.
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2.2 Methods

2.2.1 Setting and perspective

The setting for the present study was a 1,200-bedded University hospital

situated in the Northwest of England. The hospital serves an urban population

of approximately 330,000 local residents and spends around £118.5 million per

year on delivering secondary care services. We used the prevalence approach

to costing illness, quantifying the economic burden of inflammatory bowel

disease over a 6-month time frame (June 2000 to December 2000). Direct

costs were estimated from the perspective ofthe UK National Health Service (a

single-payer provider organisation) and were calculated for all products and

services consumed by a cohort of inflammatory bowel disease patients

receiving care at our institution.

2.2.2 Patient cohort

Anypatient receiving secondary care for IBD during the study time frame was

eligible for inclusion. Cases were identified retrospectively by performing

manual and/or computer searches of various hospital databases for IBD

specific terms (ulcerative colitis; Crohn’s disease; colitis; proctitis;

inflammatory bowel disease). This involved searching and cross-referencing a

range of NHSdata sources(out-patient clinic letters, hospital discharge coding

systems, diagnostic reports from radiology, histopathology and endoscopy

departments). Initial database screening identified 620 patients with possible
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IBD. Hospital case records were available for review in 580 of these subjects

(94%). A firm diagnosis of IBD (ulcerative colitis, Crohn’s disease or

indeterminate colitis) was confirmed in 479 patients, based on previously

published diagnostic criteria.’”* Patients with a range of other diagnoses(eg.

infectious colitis or diverticulitis) were excluded. The final study population

comprised a total of 479 cases of confirmed IBD whoattended the hospital for

some form of care at least once during the time frame of the study. This

included 433 prevalent cases (ulcerative colitis, n=253; Crohn’s disease,

n=160; indeterminate colitis, n=20) in whom the diagnosis had been

established prior to the study start date, and 46 incident (new) cases (ulcerative

colitis, n=31; Crohn’s disease, n=12; indeterminate colitis, n=3) in whom the

diagnosis was madeforthe first time at some point during the study period).

2.2.3 Clinical and demographic data

Details of demographic and diagnostic information were abstracted from the

case records. This included patient age, sex, type of IBD (ulcerative colitis,

Crohn’s disease or indeterminate colitis), disease extent and severity. For

ulcerative colitis, disease extent was coded as either proctitis (distal to

rectosigmoid junction), left-sided colitis (distal to hepatic flexure), pancolitis or

“unknown” (if staging investigations were incomplete or equivocal). For

Crohn’s disease, disease stage was designated asileal, colonic, ileo-colonic,

other or “unknown”. Cases of indeterminate colitis were coded as either left-

sided (anywheredistal to hepatic flexure) or pancolitis.
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A simplified disease severity scale was employed, as previously applied to

78 This scale defines diseaseretrospective data for Crohn’s disease patients.

severity by the intensity of medical treatment, using seven discrete states (1-

Remission; 2-Mild disease; 3-Severe disease, drug-responsive; 4-Severe

disease, drug-dependant; 5-Severe disease, drug-refractory; 6-Surgery; and 7-

Post-surgical remission). For each patient, minimum and maximum disease

severity over the study time frame was estimated.

2.2.4 Secondary care resource use

Information relating to resource use over the course of the study period was

abstracted from the clinical records. Only IBD-related resource use was

included (“attributable” costs), which included care for extra-intestinal

manifestations (eg. rheumatological services) but excluded episodes of

treatment for unrelated co-morbidity. Products and services were listed under

the following categories:

Out-patient services: The number and type of ambulatory visits, including

consultations with medical/surgical staff, dieticians and stomanurses.

In-patient services: The ward type (medical, surgical or intensive care) and

length of stay.

Investigations: The number and type of blood tests, microbiological tests,

radiological and endoscopic procedures (including the number of biopsy

samples processed for histopathology).
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Medication: New prescriptions and long term (maintenance) treatments for

IBD were noted and the total number of daily doses taken over the 6-month

time frame was estimated. This included all [BD-specific drugs (eg.

aminosalicylic acid derivatives, corticosteroids, topical (rectal) therapies and

other immunomodulators), antibiotics, symptomatic remedies (e.g. anti-

diarrhoeals and antispasmodics), analgesics and treatments for specific extra-

intestinal features (eg. osteoporosis). Reducing doses of steroids were

calculated on the basis of an average standard regimen unless deviation from

the routine was clearly documentedin the case notes. No allowancefor patient

compliance was made, such that maintenance therapies were assumed to

continue without interruption over the study period. For in-patients, drug use

was taken directly from the prescription chart.

Surgery: Details of the type of operation and the recorded duration (hours) of

each operation was obtained.

2.2.5 Direct cost estimates for secondary care products and

services

For each patient, direct expenditure (per six months) for individual products

and services was derived by multiplying units of resource use bytheir unit cost.

The sources used for deriving unit costs were the NHSnational reference costs,

140 and costs derived from localPersonal Social Services Research Unit

sources. Values are expressed in 2000-2001 UK poundssterling (£). The cost

estimates include staff salaries and training, heating and lighting, pharmacy

services and miscellaneous costs (e.g. patient appliances, staff uniforms,
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patients clothing, hardware and crockery, bedding and linen, printing and

stationary, cleaning and office equipment etc). The expenditure returns also

incorporate an overheads element to reflect the cost of capital and support

services in the provision of hospital services.

Item costs for laboratory tests (haematology, biochemistry and microbiology)

were based on departmental finance estimates that include the cost of

technicians, consumables, supervising physician and overheads. Medication

costs were based on Monthly Index of Medical Specialities. Surgical

procedure costs were derived from the product of operation time andstaff

140hourly rates plus consumables and overheads. Patient lost work time was

valued using national average wages. '*!

2.2.6 The costs of routine care versus active disease

management

It is recognised that a significant number of IBD patients attending secondary

care clinics have clinically quiescent disease and may require no significant

alteration in management during routinely scheduled follow upvisits. The cost-

effectiveness of routine follow-up has been questioned.'*” We wanted to

quantify the costs associated with routine care and determine the incremental

costs associated with managing more active disease. Patients with quiescent

disease were defined as those who fulfilled the following criteria during the

course of the study period: (a) No change in disease severity grade; (b) No

requirement for immunosuppressants (corticosteroids or azathioprine); (c) No
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change in drug therapy; and (d) Nospecialist investigations (except routine

blood tests and surveillance colonoscopy). These criteria were met by 118

patients with ulcerative (or indeterminate) colitis and 55 patients with Crohn's

Disease. Six month costs for subjects with quiescent disease were compared

with that of patients experiencing a disease flare-up. We defined a disease

flare-up as a transition from mild disease (no treatment, 5-ASA maintenance

treatment alone, or topical treatment only) to a more severe disease state that

required either out-patient immunosuppressant therapy or hospitalisation.

Using this definition, a disease flare was experienced by 43 patients with

ulcerative (or indeterminate) colitis and 30 patients with Crohn’s disease.

2.2.7 Data analysis andstatistical methods

Costs are given to the nearest pound sterling. Despite the skewed nature of cost

data, it is desirable to report mean patient costs, as overall total costs can then

be calculated. For this reason, mean patient costs per six month are reported

with 95% confidence intervals estimated using non-parametric bootstrap

sampling '43 2000 samples were taken for each confidenceinterval and bias-

corrected and accelerated confidence intervals are presented, which correct for

the difference between the observed means and the median of their bootstrap

distribution and for the positive correlation observed between the bootstrap

estimates and their estimated standard errors. Generalised linear regression,

with a gammaerrordistribution and log link, was used to modeldirect costs,

using a forward stepwise selection procedure(criteria for entry p<0.05, and for

removal p>0.1) to select significant predictors of costs \44 The assumptions of
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the model were tested by examination of residuals and the modified Hosmer-

Lemeshowtest '“° , and the appropriateness of the link and error distribution

tested using the Box-Cox '*° and Park '*” tests respectively. Analysis was

carried out using Stata version 8.0.
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2.3 Results

2.3.1 Patient characteristics

The demographic and clinical features of the 479 inflammatory bowel disease

patients are summarised in Table 2.1. Based on an approximate referral

population 330,000 people and the assumption that all eligible cases are

referred to the centre, crude annual incidence and prevalence rates for

ulcerative colitis were 19 per 10° and 153 per 10°, respectively. Corresponding

estimates for Crohn’s disease were 8 per 10° and 97per10°, respectively.

Sixty-seven patients (14%) were hospitalised during the study period (Table

2.1). Extra-intestinal manifestations were documented in 4.5% of cases of UC

and 6.4% of CD patients (Table 2.1). Colon cancer had previously affected

0.8% of UC patients. One new tumor was diagnosed during the study

timeframe (1 cancer per 176.75 patient-years of follow-up). Two patients died

during the study period (both with severe colitis associated with major co-

morbidillness) equivalent to a mortality rate of 0.8% per annum for the cohort.

Two patients moved out of the region during the study period and further

information on resource use was therefore unavailable.
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Table 2.1: Demographic andclinical characteristics of a six-month cohort of

inflammatory bowel disease patients (n = 479) receiving care at a single centre

 

 

 

 

 

 

 

 

     

eParameter Ulcerative colitis Crohn’s disease Indeterminate
colitis

Numberof patients
Prevalent cases 253 160 20

Incident cases 31 2 3

Age, mean (SD) 52 (17) 46 (17) 47(18)

Gender, Male n(%) 159 (56) 71 (41) 12 (52)

Extent of disease, N_ Proctitis: 55 (19) Ileal: 67 (39) Left-sided: 18 (78)

(%) Left-sided: 133(47) Colonic: 54 (31) Pancolitis: 2 (9)
Pancolitis: 79 (28) Ileocolonic:48(28) Unknown:3 (13)

Unknown: 17 (6) Other: None

Unknown:3 (2)

Extraintestinal

Complications,N(%)

e Sclerosing 4(1.4) 1(0.6)

Cholangitis

e Iritis / Uveitis 3() 1(0.6)

e Sacroilitis / 3(1) 8(4.6)

AS/Arthritis

e Pyoderma/EN 3(1) 1(0.6)

Max.disease
severity, N (%)

e Remission 27 (9) 12 (7) 6 (26)
e Mild 163 (57) 57 (33) 14 (61)

s Sevwre™ 80 (28) 73 (42) 3 (13)
e Surgery 7 (3) 13 (8)

e Post-Sx
remission 7 (3) 17 (10)

Previous surgery, 7 (3) 44 (28)
N(%)

Hospitalised, N (“%)

eWithout surgery 28 (10) 18 (10) 1 (4)
With surgery 7 (2.5) 13 (7.5)  
 

(1) Severe category includes drug-responsive, drug-dependant and drug-

refractory disease
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2.3.2 Secondary Care Resource Use

The various products and services utilised by the 6-month cohort of IBD

patients are shown in Table 2.2. The table relates to prevalent cases only and

excludes incidence cases (having less than 6-months follow up) and patients

who were lost to follow up. Consultation rates (ambulatory visits) were

somewhathigher for Crohn’s disease than for ulcerative colitis (p=0.005). The

endoscopy rate was higher for ulcerative colitis than for Crohn’s disease

(p=0.001), whereas the opposite was true for the use of radiology services

(p<0.001). Consultations with other specialities for the management of extra-

intestinal disease manifestations accounted for 2.4% of total ambulatory visits.

Length of stay during any one admission for the hospitalised patients varied

between 1 and 40 days. There were a total of 448 bed days on medical wards

for ulcerative colitis and 260 bed days for Crohn’s disease. Corresponding

values for surgical bed days were 221 and 196 respectively. Surgical

procedures included panproctocolectomy with ileostomy or anal pouch

formation, extended right hemicolectomy, drainage procedures (eg. perineum),

sigmoid colectomyandileal resection. The duration of surgery ranged from 0.5

to 6 hours. There were 12 days of intensive care bed occupancy.
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Table 2.2: Six-month resource use for the cohort of IBD patients

 

Crohn’s Disease

Ambulatory Hospitalised
Ulcerative Colitis “”
Ambulatory Hospitalised

Parameter (per 6 months)

Cohort Cohort Cohort Cohort
n= 241 n=27 n= 130 n=28

Mean Mean Mean Mean

(Range) (Range) (Range) (Range) ©?

Outpatient Services(visits)
IBD related 1.8(0-8) 2.8(0-3) 2.2(0-7) 2.9; (0 — 8)
Extraintestinal 0.04(1-2) - 0.1(1-3) -

Dietician 0.01(0-1) - 0.07(0-3) 0.1(0-1)
Stoma Nurse 0.01(0-1) 0.07(0-1) - 0.03(0-1)

Laboratory 5.9(0-55) 45.1(5-130) 7.6(0—28) 35.3(9-66)

Radiology
Plain X Ray 0.01(0-1) 2.1(0-6) 0.07(0-1) 1.4(0-4)
Barium Enema 0.02(0-1) 0.03(0-1) 0.01(0-1) 0.07(0-1)
Barium F/T 0.01(0-1) 0.07(0-1) 0.1(0-1) 0.30(0—2)
USS Abd 0.02(0-1) 0.07(0-1) 0.02(0-1) 0.18(0-1)
CT Abdomen/pelvis - 0.07(0-1) 0.01(0-1) 0.01(0-1)
MRI Abdomen/Pelvis - - - 0.07(0-1)
WBC Scan - - 0.01(0-1) 0.07(0-1)
DEXA Scan 0.03(0-1) - 0.07(0-1) -
Fistulogram 0.01(0 — 1)

Endoscopies

OGD 0.02(0-1) 0.04(0-1) 0.15(0-1) 0.11(0—1)
Sigmoidoscopy 0.14(0-2) 0.7(0-4) 0.05(0—2) 0.18(0-1)
Colonoscopy 0.18(0-1) 0.3(0-3) 0.1(0-1) 0.3(0-3)

Hospital Admission
Numberof admissions -NA- 1.3(1-3) -NA- 1.1(1-2)

Length of each admissions
(days) 18(1-32) 14(4-40)
 

(1) Includes patients with indeterminatecolitis

(2) Excludesincidence cases and those patients who were lost to follow up
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2.3.3 Secondary care costs

The total cost-of-care for the entire IBD cohort over the study period was

£757,433 (Crohn’s disease: £293,773; ulcerative or indeterminate colitis:

£463,660). Total cost for patients receiving only ambulatory care was

£240,615 (Crohn’s disease: £75,195; ulcerative or indeterminate colitis:

£165,421), whereas the 6-month costs for patients in the hospitalised group

was £516,817 (Crohn’s disease: £218,578; ulcerative or indeterminate colitis:

£298,239).

The relative contribution of each cost item or service category to total

expenditure is summarized in Figure 2.1 Data are shown forall patients and

separately for ambulatory and hospitalised groups. Interestingly, the

distribution of costs between different items or services for the two forms of

IBD wasvery similar. Overall, hospitalisation costs (in-patient services plus

surgery) accounted for around half the total costs for each form of IBD. Drug

costs accounted for less than a quarter of total costs. Oral 5-ASA preparations

were the most significant contributor to drug costs, accounting for around half

of the drugs bill. Although only three patients with Crohn’s disease (1.7%)

received primary enteral nutritional therapy during the course of the study,

their elemental feeds accounted for 10% of the total drugs bill. None of the

patients with Crohn’s disease received anti-TNF-alpha therapy during the study

time frame.
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Radiological procedures accounted for a greater percentage of total costs for

Crohn’s disease (2.5%) than for ulcerative (or indeterminate) colitis (1.07%),

whereas the opposite was observed with endoscopic procedures (4.6% versus

9.7%). Surveillance colonoscopy accounted for 4% of endoscopy costs (0.4%

of total costs of care for IBD).
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Figure 2.1: Contribution of different items and services to six-month direct cost-of-care

for inflammatory bowel disease patients (as % oftotals)

Figure 2.2 provides a frequency distribution for individual patient costs and

shows a highly skewed profile. The top (most costly) 10% of patients

accounted for 62% oftotal costs for UC and 59% oftotal costs for CD. Six-

month direct costs ranged from £73 to £33,254 for an individual patient.
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Figure 2.2: Frequencydistribution of total patient costs per six-months

2.3.4 Costs and variation with disease type, severity and

extent

Mean costs and (non-parametric bootstrap bias-corrected and accelerated) 95%

confidence intervals were calculated for patients who had a complete six month

period of follow up(i.e. “prevalent” cases only). The mean (95% CI) 6-month

cost-per-patient was £1,652 (£1221, £2239) for Crohn’s disease (n = 158) and

£1,256 (£988, £1721) for ulcerative (or indeterminate) colitis (n = 268). The

corresponding 6-month costs for the ambulatory group alone was £516 (£452,

£618) (n = 130) and £539 (£497, £589) (n = 241), respectively. For the

hospitalised group, mean 6-month costs were £6,923 (£5415, £8919) for

Crohn’s disease(n = 28) and £7,658 (£5693, £10651) for ulcerative (or

indeterminate) colitis (n = 27).

As expected, for both diseases there was an incremental increase in costs with

worsening disease severity grade (Figure 2.3). The mean (95% CI) ofthe costs
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according to disease extent is shown in Figure 2.4. Generalised linear

modelling with a gamma distribution and log link was used to assess the

importance of age, sex, diagnosis (Crohn’s disease or ulcerative (including

indeterminate) colitis), hospitalisation and disease extent and severity in

predicting overall costs of those with complete six month follow up (Table

2.3). Age, sex and disease extent were not found to be significant predictors of

total costs, once hospitalisation, diagnosis and disease severity were accounted

for. The multivariate model predicted that ulcerative (or indeterminate) colitis

patients had costs that were on average 18% (95% CI 3,35%) higher than

patients with Crohn’s disease and estimated costs increased with severity of

disease. Total 6-month costs were estimated to be on average 7.65 (95% CI

(6.11,9.60)) greater for hospitalised compared to ambulatory patients. The

proportion of variation in the data explained by this model is approximately

77% (Efron’s pseudo-R? 48) and inspection of residuals and the scaled

deviance of the model indicated good model fit (scaled deviance=346.28,

€(417)s p- 0.995).

New,or “incident”, cases were excluded from the analysis ofmean costs owing

to their incomplete period of follow (less than 6-months). The mean duration

of observation for these cases was 15.8 weeks. However, mean (95% CI) costs

for incident cases of Crohn’s disease and ulcerative (or indeterminate) were

£2,662 (£1006, £5866) and £2,111 (£1488, £3078) respectively. These figures

are greater than the mean costs for prevalent cases,illustrating the relatively

high costs ofinitial assessment and investigation of newly diagnosed cases of

IBD.
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Table 2.3: Multivariate generalised linear modelling: influence of disease severity,

hospitalisation and diagnosis on total six-month resource use for a cohort of IBD patients

 

 

Relative

Coefficient 'ET®4S°
Variable costs p value

(SE) associated

with variable
(baseline = 1)

Diagnosis + 0.17 (0.07) 1.18 0.014

(1.03,1.35)

Hospitalisation 2.04 (0.12) 7.65 <0.001

(6.11,9.60)

Disease severity { <0.001

1.03 (0.11) 2.80
Mild Disease

(2.26,3.47)

Severe Disease, Drug Responsive 1.25(0.14) 3.47

(2.66,4.54)

Severe Disease, Drug Dependent _1.64 (0.13) 5.13

(3.99,6.60)

Severe Disease, Drug Refractory 1.63 (0.16) 5.09

(3.71,7.00)

2.23 (0.21) 9.32
Surgery

(6.20,13.99)

; 0.13 (0.16) 1.14
Post surgical Remission

(0.83,1.57)

Constant 5.05 (0.11) <0.001
 

+ Increase when UC or IC comparedto CD(i.e. baseline category: CD)

t Baseline category: Remission
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Figure 2.4: Mean (95% CTI) 6-month cost versus disease extent
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2.3.5 The costs of routine care versus active disease

management

Patients with quiescent IBD accountedfor a total of 235 OP episodes (24% of

the total), costing £17,155 (just 2.3% of total costs). Such patients may be

suitable for alternative follow up arrangements (eg. on-demand clinics or

telephone consultations), with potential cost savings for secondary care clinics.

In the case of ulcerative colitis, mean (95% CI) 6-month cost of care for

quiescent patients was £359 (317,469) compared to £765 (£646, £978) for

ambulatory patients suffering disease exacerbation and £8,861 (£5725, £15076)

for those who were hospitalised during the study time frame. Corresponding

figures for CD were £275 (235,319) for quiescent patients, £578 (431,701) for

ambulatory patients suffering disease exacerbation and £5,444 (3894, 9242) for

those who were hospitalised. Hence, disease flare-up was associated with a 2-3

fold increase in 6-month costs for patients successfully managed as an out-

patient but a more than 20 fold increase in costs in the event of hospitalisation.
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2.4 Discussion

The present study provides a cross-sectional view of resource use among

inflammatory boweldisease patients attending a single centre. We believe this

is the most comprehensive available record of the costs associated with IBD for

the UK NHS. Whilst there are obviouslimitations to the external validity of a

single centre study, the characteristics of our patient cohort are very similar to

those described for other parts of the UK in terms of demographics, crude

incidence and prevalence rates, disease severity and extent and hospitalisation

rates, 41:47:142:149-154 Clearly practice patterns may vary between different

hospitals with respect to the use of specific pharmaceuticals or surgical

techniques, and somelargertertiary centres will attract a patient population that

is skewed towards more severely affected individuals.

There are significant obstacles to studying the costs of specific diseases in the

United Kingdom. Diagnostic information is not routinely coded for most

ambulatory care episodes and there is no requirement for recording of patient-

specific resource use underthe current funding system. Hence, our knowledge

of the stream of resources consumed by individual patients with defined

disease states is limited.

Cost-of-illness studies are inherently descriptive and do not seek to provide

direct information about the relative cost-effectiveness of different treatments

or to test specific hypotheses. Nevertheless, by identifying and quantifying the
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relative contribution of different items and services to the overall economic

burden of disease, such studies may provide important insights into the

potential cost impact of new treatments or models of service delivery.

Accurate primary data are also an essential requirement for theoretical

modelling exercises if such techniques are to provide a credible alternative to

formal trials that incorporate economic end-points.

As with cost-of-illness studies from other countries, we used the prevalence

approachto establish direct disease costs based on a retrospective analysis of

routinely collected data. We aimedto identify all patients with inflammatory

bowel disease who accessed any form of relevant service at our centre during a

fixed time interval. We wished to avoid the limitations imposed by a

prospective patient-capture design, which in practice results in the study of a

convenience cohort of patients such as those attending a particular clinic. Our

cross-referencing of multiple data sources allowed us to capture patients

accessing care for a wide variety of purposes, including medical and surgical

clinics, diagnostic procedures and in-patient episodes. This included the full

spectrum of disease, ranging from patients requiring hospitalisation and

surgery through to non-consulting patients whose only contact with the hospital

might have been a routinely scheduled surveillance colonoscopy.

Referenceto the existing literature indicates that our profile ofUK resource use

is very similar to that reported for other health care systems. The proportion of

total direct health care costs attributed to hospitalisation (including surgery) has

been estimated at 58% in Sweden !™ and between 55.8% !° and 57% '° in the
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United States, compared to 49% in the present study. In agreement with these

reports, only about 14% of our patient cohort were hospitalised during the

study period. Estimates of the contribution of drugs to the total healthcare bill

for IBD vary more widely, with a figure of 24% reported for Sweden!”

(similar to our own data) but values of just 3.5%! to 4.6%! in North

America. This probably reflects the proportionately higher costs of hospital

care and physician fees compared with drugs in the USA compared to Europe.

A novel aspect of the present investigation is our examination of the clinical

determinants of costs-of-care for IBD. A positive correlation between disease

severity and cost-of-illness was to be expected, particularly as we graded

disease severity by the intensity of medical treatment. However, the present

study is the first to illustrate and quantify this relationship. A further novel

aspect of the present analysis is our examination of variation in costs with

disease extent. For both the main forms of IBD, average costs correlated

positively with increased disease extent. However, this relationship was no

longer apparent when disease severity was taken into account, resulting from

the fact that disease extent is positively correlated with disease severity.

Wehavecalculated the incremental cost of disease relapse compared to routine

care of inactive disease at our institution, indicating that disease flares lead to a

2-3 fold increase in health care costs for those patients who were managed in

an ambulatory setting. Hospitalisation led to a more than 20 fold increase in

costs compared to quiescent disease. This reinforces the view that novel

immunomodulatory therapies capable of maintaining remission or reducing the
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need for in-patient care may prove cost-effective despite their high acquisition

costs when compared to other drug therapies. In addition to the obvious

clinical benefits of minimising avoidable disease relapse, active measures

aimed at maximising patient compliance with maintenance therapies may

prove cost-effective (eg. via patient education or more active specialist nurse

supervision).

In conclusion, the present study provides a uniquely detailed description of

cost-of-illness for IBD in the setting of the UK health care system. We

confirm the major contribution of hospitalisation costs to the overall economic

burden of these diseases. Our detailed primary cost data will assist future

economic research into the cost-effectiveness of alternative therapies and

managementstrategies for ulcerative colitis and Crohn’sdisease.
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3 Indirect and Intangible costs in Adult IBD

3.1 Introduction

In addition to the direct costs of medical care, the indirect costs of

inflammatory bowel disease (IBD) are substantial and comprise three primary

components. They include time absent from work, decreased productivity at

work, and diminished health-related quality of life (HRQoL) -- which, in turn,

are intangible costs that may result in diminished productivity.

3.1.1 Indirect Costs

The impact of inflammatory bowel disease upon participation in the workforce

has largely been ignored in most of the economic analyses of this disease.'*°

The characteristic of IBD that makes calculation of indirect cost particularly

important is the chronic relapsing nature of the condition which often affects

youngindividuals in the most productive years oftheir lives. Failure to capture

the productivity losses of patients and their families would misrepresent the

economic burden ofthis disease.

The components that are traditionally included to calculate indirect cost are

reduced paid and unpaid production. Paid production could be reduced either

by absences from paid work (absenteeism) or impaired on the job productivity

(presenteeism). Reduced unpaid production is the impairment of usual

activities at home because of the disease. Early retirement, reduction in

working hours and premature death due to disease should also be regarded as
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an indirect cost. There may also be an indirect cost accrued by the family

and/or friends (which can occur both during paid or unpaid production time)

156 Accuratefor taking care of the individual due to his or her disease.

information with respect to indirect costs would be helpful in economic

analysis because of the potential of the recently available immunomodulators

and biologics to keep patients well and maintain their participation in the

workforce. !>’

3.1.2 Intangible Costs

The managementofpatients with Crohn’s Disease (CD) and ulcerative colitis

(UC) should take into account not only the impact of physical and biological

changes, but also the psychosocial repercussions of the disease: in other words,

the impact on patient’s health related quality of life. The assessment of heath

related quality-of-life represents an attempt to emphasize the effects of disease

on physical, social, emotional / psychological and cognitive functioning.

Quality of life measures are used to supplement objective clinical or biological

measures of disease to assess the quality of service, the need for health care,

the effectiveness of interventions, and in cost utility analyses. It is also

important to know about the psychosocial distress in patients with IBD because

this is related to disease activity and the use of medical resources.'°® The

impact onthe quality oflife of patients will be important in assessing the worth

of any new treatment.
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3.2 Study aims

The aim of the study was to

Measure indirect (productivity) losses, and out of pocket expenses for

these patients by meansofa postal survey.

Evaluate patient perceived health valuations of health related quality of

life in an unselected cohort of IBD patients using a postal survey and to

correlate with a simplified clinical state categorisation, which is

increasingly being employed in economic modelling

81



3.3 Methods:

3.3.1 Setting

This study was conducted at University Hospital Aintree (Liverpool, UK), a

teaching hospital serving a population of approximately 330,000 local

residents. Ethical approval was obtained from the local ethics committee.

3.3.2 Patient cohort

The patients were identified from the Aintree cohort of inflammatory bowel

disease as previously described in chapter 2. In summary, any patient

receiving secondary care at University Hospital Aintree for IBD during the

study time frame was eligible for inclusion. Cases were identified

retrospectively by performing manual and/or computer searches of various

hospital databases for IBD specific terms (ulcerative colitis; Crohn’s disease;

colitis; proctitis; inflammatory bowel disease). This involved searching and

cross-referencing a range of NHS data sources (out-patient clinic letters,

hospital discharge coding systems, diagnostic reports from radiology,

histopathology and endoscopy departments). Initial database screening

identified 620 patients with possible IBD. Hospital case records were available

for review in 580 of these subjects (94%). Patients with a range of other

diagnoses (eg. infectious colitis or diverticulitis) were excluded. A firm

diagnosis of IBD (ulcerative colitis, Crohn’s disease or indeterminate colitis)

was confirmed in based on the following previously published diagnostic

criteria.
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The diagnosis of UC was based on the presence of at least three of the

following criteria: '”

1)

2)

3)

4)

a history of diarrhoea and/or blood/pusin stool

macroscopic appearance by endoscopy with continuous mucosal

inflammation affecting the rectum in continuity with someorall of the

colon

microscopic features on biopsy compatible with UC

no suspicion ofCD at small bowel X-ray, ileoscopy or biopsy

The diagnosis of CD was based on the presence of two or more of the

following establishedcriteria: '°

1)

2)

3)

4)

typical clinical features including abdominal pain, diarrhoea and weight

loss

macroscopic appearance at surgery or endoscopy: segmental,

discontinuous and/or patchy lesions with or without rectal involvement,

discrete or aphthous ulcerations, fissuring and penetrating lesions,

cobblestoneor strictures

radiological evidence of stenosis in the small bowel, segmental colitis

or finding of fistulae

histological evidence of transmural inflammation or epithelial

granulomas with giant cells

The final study population comprised a total of 479 cases of confirmed IBD

who attended the hospital for some form of care at least once during the time

frame ofthe study.
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3.3.3 Clinical and demographic data

Details of demographic and diagnostic information were abstracted from the

case recordsofall confirmed IBD cases. The extent and localization of colonic

disease was based on endoscopical/radiological finding and/or characteristic

histological signs of inflammation. When the extent of the disease changed

during follow up, the maximum extent of the bowel involvement was recorded.

The patients with CD wereclassified according to disease localization;colitis,

ilocolitis, ileitis and upper GI.'”

A simplified disease state categorization was employed, as previously applied

to retrospective data for Crohn’s disease patients.”® This scale defines disease

state by the intensity of medical treatment, using seven discrete

states/categories:

Remission: No medication for IBD excluding anti-diarrheals

Mild Disease: treatment with a 5 ASA,antibiotics or topical therapy (including

topical corticosteroids)

Severe Disease, drug responsive: Treatment with oral corticosteroids or

immunosuppressive medications (6 -— mercaptopurine, azathioprine,

methotrexate, or Ciclosporine A) with documented improvement

Severe Disease, drug dependent: Treatment with oral corticosteroids or

immunosuppressive therapy lasting more than 6 months with documented

improvement

Severe Disease, drug refractory: Treatment with oral corticosteroids or

immunosuppressive therapy with no documented of clinical improvement with

in 2 month for corticosteroids or within 6 months for immunosuppressive

medication. Patients receiving corticosteroids for more than 6 months who had

84



evidence of continuing high activity as defined by stool pattern, abdominal

pain, fever, or weight loss were classified as having drug refractory disease.

Surgery: Inpatient surgical procedures for CD or UC

Post-surgical remission: No medication or treatment after a surgical

procedure.

For each patient the disease severity at the last point of hospital contact was

recorded from case note review. For patients receiving multiple therapies the

state associated with most intensive therapy was assigned in the following

descending order of intensity: 1) surgery, 2) immune modifiers or

corticosteroid, 3) 5-amino-salicylate therapy (including topical 5 ASA and

steroids); and 4) no medication.

3.3.4 Postal survey

A self-administered UK IBDQ (inflammatory bowel disease questionnaire)

was sent out to the patients. There were additional questions to ascertain

indirect effects of the disease in the life of the patient relating to the previous

six months.

3.3.4.1 Quality of life data

Inflammatory Bowel Disease Questionnaire (IBDQ) has a strong correlation

with disease severity and has proven valuable in assessing disease outcomesin

patients with IBD because of which it is commonlyusedin clinical trials.’

It contains 32 questions, which are divided into four health domains with

scores ranging from 32 — 224. We used the Anglicized version of the IBDQ

which has been shown to be valid, discriminative and reliable in the UK
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population.’ This modified version called the UK-IBDQ has 30 questions in

five domains:

1) Bowel symptoms I — bowel movement and use of facilities (6

questions),

2) Bowel symptomsII — general bowel symptoms(4 questions)

3) Emotional function (9 questions),

4) Systemic symptoms(6 questions) and

5) Social function (7 questions)

Answers are ranked 1(representing worst) to 4 (representing best), so that a

maximum score of 120 can be generated.

3.3.4.2 Questions to ascertain indirect effect of the disease

The UK-IBDQ was modified to ascertain additional information about the

following items:

(1) Number of IBD-related visits to a primary care doctor

(general practitioner);

(2) Estimated total IBD-related out-of-pocket expenses(e.g.

for travel, prescription charges, special diets or clothing);

(3) Employment status, and number of lost working days

due to IBD; and

(4) Number of ‘restricted’ days where disease interfered

with daily activities including household and recreational

activities.
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3.3.5 Estimating indirect costs

A monetary annual productivity loss was calculated for employed persons by

multiplying the total time loss by the person’s reported salary.'°!® All costs

are reported in Great British Pound. For full time workers, wages per day were

estimated by dividing the number of patient’s reported annual salary by the

number of potentially productive days per year. Vacation (twelve days) and

bank holidays (eight days) were subtracted from 260 workdays per year,

resulting in 240 potentially working days per year. Since the number of days

worked per week by part time workers was not reported, these persons were

assumed to have the same daily wages as full time workers. At the baseline

interview, employed subjects reported their annual salary within a £5,000 range

rather than the actual amount and the midpoint was used in the calculation.

Using the salary data of the full time employed persons, mean salaries were

calculated for males and females in 10 year age intervals. These sex and age

specific means were used to impute wage values for the 6.5% of employed

persons who did notreport their salary. Because the degree of restriction was

not specified for restricted activity days, two levels of the wage rate, 50% and

25%, were used in calculations of economic loss caused byrestricted activity

days. 50% was usedin the primary analysis and varied in sensitivity analyses.

Becauserestricted activity was not differentiated into work or leisure time,

each restricted activity day was multiplied by five-sevenths, under the

assumption that each day of the week had an equal chanceofbeing a restricted

activity day, and that each subject worked five days per week.
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The formula used to calculate productivity loss days (PLD) was:-

PLD = Numberof days missed from work + [(0.5 x numberof‘restricted’ days) x5/7].

Thecost ofthe lost productivity days was calculated as follows:

Cost = PLD x daily wages.

3.3.6 Statistics

All descriptive data are given as means with SD; median and range are given

where appropriate. Box plots and error bars are used to visualize symptom

categories. The differences between medians were assessed using Mann-

Whitney test. When more than two groups were compared, the Kruskal-Wallis

test was used. Where the independent variable was dichotomous, we used

independent sample t tests to compare mean IBDQ scores between groups. For

multi-category independent variables we conducted a one way analysis of

variance. For continuous variables, and for those categorical variables

representing points on an underlying continuum, the strength and direction of

the associations between the IBDQscores and the independent variables were

measured through the inspection of Pearson correlation coefficients. The

correlation coefficients were tested for statistical significance and the

association was considered to be ‘strong’ association when absolute value of r

> 0.70, moderate when 0.3 < r < 0.7, and weak when r < 0.30. In multiple

regression analysis (enter method), we investigated the impact of demographic

and clinical data (independent variable) on the UK IBDQ total and dimension

scores (dependent variables). The significance level was set at 5%; all tests

were two sided. All the statistical analyses were performed with SPSS Version
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— (SPSS, Chicago,Ill., USA) for Windows. Confidence interval was calculated

using CIA package (version 2.1.1).

Results

The questionnaire was returned by 233 patients (48%).

167

There was no

difference between characteristics of responders and non-responders as shown

in Table 3.1, suggesting that the postal use captured a cross section of patients

and notselectively for certain groups.

Table 3.1: Postal survey: demographic details and disease extent of responders and non-

 

 

 

 

   

responders

Parameter Responders Non-responders
(n = 233) (n = 246)

Age, mean (SD) 51 (17) 48 (18)

Gender, Male n(%) 110 (47) 132 (53)

Extent of disease, N (“%)
Proctitis: 27 (19) 27(11) 28(11)

Distal / Left-sided: 58 (47) 58(25) 75(30)

Pancolitis: 37 (28) 37(16) 42(17)
Ileal: 67 (39) 34(15) 33(13)

Colonic: 54 (31) 25(11) 29(12)
Tleocolonic:48 (28) 28(12) 20(8)

Indeterminate colitis: 12(5) 8(4)
Extent Unknown 12(5) 11(4)
 

The questionnaire was incomplete in 12 (5%) cases and these patients were not

includedin the final dataset. The information from the remaining 221 patients

has been further analysed.

89

 



3.3.7 Demographic details

Complete information was available for 221 patients of whom 125 had

ulcerative colitis, 81 had Crohn’s disease and 15 had indeterminate colitis. The

demographicdetails are shown in Table 3.2. A total of 30 (14%) patients were

on no current medication, 119 (54%) patients were only on 5-ASA (oral or

topical) and 57 (25%) patients were on steroid or other immunomodulators.

Accurate information wasnotavailable in fifteen patients.

Table 3.2: Demographic data and disease characteristics of study subjects (n = 221)

 

 

 

 

 

    

Parameter Ulcerative Crohn’s Indeterminate
Colitis Disease Colitis

(n = 125) (n = 81) (n = 15)
Age, mean(SD) 53 (16) 48 (15)
Gender, Male n(%) 68 (54) 28 (34) 3 (20)
Disease State Category”, N
% 17 (13) 8 (09) 5 (33)

Remission 79 (63) 34 (27) 6 (40)
Mild Disease 24 (19) 31 (38) 2 (13)
Severe Disease*

Extent of disease, N (%)
Proctitis: 27 (21) - -
Distal / Left-sided: 55 (44) - 11
Pancolitis: 35 (28) - 1

lleal: - 31(38) -
Colonic: - 27(33) -
lleocolonic: - 23(28) -

Extent Unknown 8 (6) 3 (20)
 

* Severe disease includes patients with drug responsive, drug dependent and

drug refractory severe disease as described in the methodology section’®
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3.3.7.1 Employment Category

The employmentstatus of the cohort is shown in Table 3.3 . Forty four percent

of the patients were in some form of employment. There were a total of 149

patients under the age of 60 which is generally considered as the age of

retirement. Of these 81 (54%) were in some form of employment. Disability

rates were higher in patients with Crohn’s disease (12%) when compared to

patients with ulcerativecolitis (8%).

Table 3.3: Employmentstatus of the respondents

 

 

 

 

 

 

 

      

All Patients UC CD ID
(n = 221) (n= 125) (n=81) (n= 15)

Full time employment 73 (33%) 39 (31%) 30 (37%) 4 (26%)
Part time employment 25 (11%) 16 (13%) 9 (11)
Retired 64 (29%) 46 (37%) 13(16%) 5 (33%)
Disabled 21 (9.5%) 10 (8%) 10(12%) 1 (6%)
Unemployed 14 (6%) 7 (5%) 5 (6%) 2 (13%)
Homemaker 21 (9.5%) 5 (4%) 13 (16%) 3 (20%)
Other 3 (1%) 2 (2%) 1 (1%)
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3.3.7.2 Salary Grade

Individual salary grade for the respondents are shown in Table 3.4. Income

status was not provided by 6.5% in the employed category.

Table 3.4: Income Category

 

 

 

 

 

 

 

       

AllPatients |UC |CD ID
< £4,999 20.4% 16% 27% 16%
£5,000 - £ 9,999 32.8% 36% 28% 25%
£10,000-£14,999 20.4% 19% 21% 25%
£15,000 -£ 19,9999 12.4% 14% 6% 33%
£20,000-£24,999 5.9% 7% 4%
£25,000 -£ 29,999 2.2% 3% 3%
>£30,000 6% 4% 8%
 

3.3.8 Quality of Life Scores

The UK-IBDQ questionnaire wasusedto assess the quality of life scores. The

score ranges from 30 to 120 with range of scores in each sub domain being: 6

to 24 in bowel symptom (I), 4 to 16 in bowel symptoms(II), 6 to 36 in

emotional functions, 4 to 16 in systemic symptoms and 7 to 28 in social

functions.

92



3.3.8.1 Total Score and dimensionalscoresin all patients

The overall distribution of total quality of life score and most sub-domain

score were skewed as demonstrated in Figure 3.1 and Figure 3.2. This was

most obviousin the social functioning sub-domain whereit was interesting

to note that the social functioning domain was minimally impaired in our

patient cohort.

12—=

of

 

40 60 80 100

Total Score

Figure 3.1: Quality-of-life scores: Distribution of scores in all patients
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The mean (SD) UK - IBDQscorefor all respondents was 88.7 (+/- 18.9).

The summary scores are shown in Table 3.5.

Table 3.5: UK-Inflammatory bowel disease Questionnaire (UK - IBDQ)scores:

summary statistics in 221 patients with IBD.

 

 

 

 

 

 

        
 

 

 

 

Subdomain (Range) Minimum Maximum Mean SD Median IQR
Total Score ( 4 - 120) 35 120 88.7 18.9 93 75-103

Bowel| (6-24) 6 24 174 52 18 14-22
BowelIl (4-16) 4 16 10.7 3.1 10.5 8-13
Emotional (6-36) 9 36 274 5.1 28 24-32
Systemic (4-16) 4 16 9.7 3.1 10 7-12
Social (7-28) 8 28 23.4 5.1 25 21-28

3.3.8.2 Total Score and dimensionalscore in UC &CD

The mean (SD) UK-IBDQscore of the UC patients was 91 (+/-19), while

for CD patients was 83 (+/-17). Quality-of-life between UC and CD groups

was compared. The respondents with Crohn’s disease had significantly

lower overall scores and also had significantly lower score in all sub-

domains except social functioning.

Table 3.6: IBDQ total and dimensional score in UC and CD

Ulcerative Crohn’s 95% Cl P
Colitis Disease (difference) value*

Mean (SD) Mean(SD) between means
Total Score 91 (19) 83 (17) 3.23 - 13.4 0.004
Dimensional Scores

Bowel symptoms(1) 18 (5) 16 (4) 0.69 -3.3 0.006
Bowel symptoms(2) 11 (3) 9 (3) 1.1.5-2.8 0.001
Emotional function 28 (5) 26 (8) 0.31 -3.7 0.01
Systemic symptoms 10 (3) 8.3 (3) 0.35 - 2.5 0.001
Social function 23 (5) 22 (5) ~0.4-2.4 0.9     
 

* Independent SampleT test
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Very few patients scored the worst or best possible scores, except for the

social subscore, in which 43 % of the patients scored at least 27 (the best

possible score is 28). Of the five domains in the UK-IBDQ, the lowest

scores were recorded for systemic aspects of the disease, which include

tiredness, feeling unwell and lacking energy.

3.3.9 Effect of demographic parameters and disease factors

Wealso analysed whether baseline disease characteristics (site/extent and

severity) affect current IBDQ scores

3.3.9.1 Disease site/extent

The QoL scores were analysed depending on the site / extent of disease. In

ulcerative colitis, a trend was observed towards lower IBDQ total scores in

patients with pancolitis than in patients with left sided colitis and proctitis as

shown in Figure 3.3. This tendency was also noted in the bowel symptoms

(II), social and emotional function sub-domain. In Crohn’s disease there was a

tendency for higher IBDQ scores in respondents with ileal disease compared to

the respondents with ileo-colonic or colonic disease as shown in Figure 3.4.

The sub-domain scores (except in bowel symptoms 2) followed a similar

pattern.
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The medianscores in the various domainsin relation to disease site in Crohn’s disease

are shown in Table 3.7. Nostatistical difference was noted in the QoL scores when

tested by Kruskal-Wallis one way analysis of variance.

Table 3.7: Median valuesfor total quality of life (QoL) score and sub domainscores in

patients with inflammatory bowel disease

 

 

 

 

 

 

 

 

 

 

          
 

Extent of disease (n) QoL Bo Bo Em Sy So
Scores (I) (ID

Ulcerative Colitis

Proctitis 27 99 21 10 30 11 27

Lt. Side 55 98 20 11 29 10 26

Pancolitis 35 92 17 11 27 10 25

P value* 0.25] 0.14] 0.91] 0.44] 0.55] .10

Crohn’s Disease

Ileal 31 84 16 9 26 9} 23

Ileocolonic 27 83 15 10 26 8 23

Colonic 23 86 17 10 28 9 23

P value* 0.08} 0.37] 0.48 0.8] 0.44] 0.8

*Kruska-Wallis test

Bo(I) = Bowel I symptom; Bo(II) = Bowel II symptom; Em = Emotional

Function; Sy = Systemic symptoms; So = Social functions

In summary, there was weak trends towards lower scores and more extensive

disease, but this was notstatistically significant.

3.3.9.2 Disease state category

The effect of disease severity was examined using theclinical severity scales as

described before in section 3.3.3. As shown in Figure 3.5, there was a

tendency of worsening scores with increasing disease severity.
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Figure 3.5: QoL scoresin relation to disease severity

Rem — Disease Remission; PSR — Post Surgical Remission: Mild — Mild Disease Se_DR — Severe disease, drug

responsive, Se_DD — Severe disease, drug dependent, Se_DNR — Severe disease, Drug non responsive
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When comparison was made between Crohn’s disease and Ulcerative colitis

for the same disease stage, then there was a tendency for patients with CDs to

have lowerscores as shown in Table 3.8.

Table 3.8: QoL scoresin different severity of disease

 

 

 

 

 

 

 

      

Clinical severity Crohn’s Disease Ulcerative Colitis
Total QoL Total QoL

Median (IQR) Median (IQR)
Non-consulting 80 [38-93] 84 [48-92]
Remission 79 [39-97] 84 [58-96]
Post-surgical remission 72 [59-79] 99 [N/A]
Mild disease 69 [42-98] 80 [43-100]
Severe, drug responsive 68 [50-83] 85 [49-92]
Severe, drug dependant 77 [44-92] 68 [41-88]
Severe, drug refractory 59 [49-74] 52 [29-72]

3.3.10 Correlation of demographic parameters and

disease factors on the QoL scores

In this section I shall be exploring the correlation of total and sub-domains

scores of the UK IBDQ. Asexpected there was a negative correlation with the

worsening disease severity (Table 3.9). Of the dimensional scores, bowel(I)

and social function are somewhat more highly correlated with activity indices

than emotional and bowel (II) symptoms. There wasalso a negative correlation

if the patient had Crohn’s disease rather than ulcerativecolitis.
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Table 3.9: Correlation of demographic and disease characteristics to the quality of life

scores: Pearson’s correlation coefficient

 

 

 

 

 

 

       

Age Sex Disease type Disease Silverstein
(UC or CD) extent Disease Stage

Category
Bowel Symptoms(I) .160* .040 .204** -.132* -.340**
Bowel Symptoms(Il) .163* .126 .223** -.137* -.184**

Emotional Function .198** .130 .186** -.154* -.267**
Systemic Symptoms .046 .077 .228** -.155* -.286**

Social Functions .032 .057 .162** -.119 -.367**
QoL Scores(total) .136* .109 .220** -.148* -.336**
 

** Correlation is significant at the .01 level (2-tailed).
* Correlation is significant at the .05 level (2-tailed).

3.3.10.1 Multivariate analysis

In multiple linear regression analysis (enter method) weinvestigated the effect

of demographic andclinical data (independent variable) on the IBDQ total and

dimensional scores (dependent variables) for each diagnostic group separately.

All categorical data were transformed appropriately to dummy variables. The

independent variables included age, gender, extent of disease, disease grading,

diagnosis (UC or CD), employment and level of education. The results of

these analyses are shown in Table 3.10. Multiple regression modeling for the

individual IBDQ domains showed that between 9% (systemic symptoms) to

15% (social function) of the observed variation in scores could be explained by

the factors examined in this study. For patients with IBD, disease grading,

disease type (ulcerative colitis vs Crohn’s disease), current employment and

age had significant predictor for overall scores. Age was a predictor in the

bowel symptom (I & II) domain. Current employment contributes to the

predicted modeling in all sub-domains. Disease grading was a significant

predictor in bowel symptoms(I), systemic symptoms andsocial functioning

sub-domain.
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Table 3.10: Multiple Linear Regression Model (enter method): influence of variable on

Total UK - IBDQ scores

* Silverstein Disease Stage Catergory®; ’ increasing scores in UC;° increasingin

males;

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

| Coefficients (SE) | Sig.

Dependent Variable: Quality oflife — total scores: Total R~ 0.184
(Constant) 84.6 (7.9) 0.000

Disease Grading” -1.85 (0.92) 0.046
Diagnosis ”? -5.9 (2.88) 0.041
Employed 11.6 (2.9) 0.000
Age 0.23 (.09) 0.01
Dependent Variable: Bowel (I) symptom - Total R* 0.163

(Constant) 15.9 (2.21) 0.000
Disease State Category” -0.53 (0.25) 0.042
Employed 2.9 (0.82) 0.001

Age 0.07 (0.025) 0.003

Dependent Variable: Bowel (II) symptom: Total R* 0.128
(Constant) 9.9 (1.3) 0.000

Diagnosis “” -1.3 (0.5) 0.012
Gender” 0.57 (0.44) 0.02
Employed 1.45 (.52) 0.006
Age 0.04(0.02) 0.009
Dependent Variable: Emotional Function: Total R“ 0.15

(Constant) 24.5 (2.2) 0.000
Employed 2.66 (0.80) 0.002

Dependent Variable: Systemic Symptoms: Total R* 0.12
(Constant) 12.1 (1.4) 0.000

Disease State Category” -.34 (0.155) 0.03
Diagnosis “” -1.1 (0.05) 0.024
Employed 1.05 (0.51) 0.04
DependentVariable: Social Function: Total R“ 0.166

(Constant) 22.2 (2.2) 0.000
Disease State Category” -.582 (0.248) 0.048
Employed 3.77 (0.808) 0.000   
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3.3.11 Productivity loss days

Previous studies have reported significant interference with work in patients

with inflammatory bowel disease, irrespective of the severity of the disease and

. =] °106;168-172 However, besides work loss days, the number ofdisease type.

restricted activity days experienced by an individual in the course of a year is

an important measure of functional well-being. For the employed, the

restricted activity days may result in decreased productivity. For others, it

interferes in household, social and recreational activity. Failure to capture

these restricted activity days would misrepresent the economic burden of a

disease to an individual and the society. The summary of productivity loss

days is shown in Table 3.11.

3.3.12 Lossof ‘‘employment”days:

In this cohort, 39% of the patients were in current employment. Of those who

were employed, 32% of the patients with ulcerative colitis and 55% of those

with Crohn’s disease had some loss of ‘employment days’ and the mean [SD]

loss of employment days over six months were 8 [25] and 7[25] days. The

summary ofthis is shown in Table 3.11

3.3.13 “Restricted activity” days:

The mean [SD] restricted activity days (from all activities including work,

household, social and recreational activities) in six months was 25.3 [43] for

Crohn’s disease and 14.2 [35] for Ulcerative colitis. For patients who are in

employment (full time or part time) the average (SD) numberof ‘restricted

activity days’ in six months were 14.9 (29) days in Crohn’s disease and 10.14
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(29) days in ulcerative colitis. Disability pensioners had the highest mean

numberof productivity loss days. The summary is of this is shown in Table

3.11.

Table 3.11: Mean (SD) productivity loss days in six months by employment category

 

 

 

 

 

 

 

 

  

Category All patients Ulcerative Colitis Crohn’s Disease

ARD LED ARD LED ARD LED

Employedfull time 13.4 (31) 5.8 (9.9) 12..2 (33) 37 (62) 17 (31) 7.9 (12.8)

Employed parttime 4.8(12) 14 (28) 3.4(7.1) 21.6(36) 7.4(14) 4(4)

Retired 15 (39) 9.1(30) 42 (59)

Disabled 69 (67) 60 (51) 57 (82)

Unemployed 23 (26) 26(15) 24 (35)

Homemaker 32(52) 50 (86) 37(10)

Total 18.3 (39) 7.5 (15) 14.2 (35) 8 (25) 25.3 (43) 7.2(25)      
 

ARD Activity Restricted Days; LED = Lost employment days

3.3.14 Monetary value of productivity loss

Human capital method (as described in section 3.3.5) was used to estimate the

monetary value of productivity loss in respondents who were actively

employed. The mean (SD)of estimated value of productivity loss (including

employment lost days and restricted activity days valued at 50% of full

working day) was £ 512 (1226) per six months. This represented a 6.2%

monetary productivity loss for full time employed worker. The mean (SD) of

losses per six months in each disease category was £ 434 (1139) for ulcerative

colitis and £672 (1390) for Crohn’s disease. On sensitivity analysis (with

restricted activity days valued at 25% of the full working day) the value of

productivity loss was estimated at £ 349 ( 736) per person every six months.
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3.3.15 Out of pocket Expenses

The mean (range) for out-of-pocket expenses (travel expenses, prescription

charges, over the counter medications, extra clothing and others) per six

months was £40 (£0— £520) and £66 (£0-£750) for Ulcerative colitis and

Crohn’s disease respectively.

3.3.16 Primary care visits

The reported mean (range) of visits to the general practitioner was 1.08 (0-8)

and 1.33 (Q— 10) per 6-months for ulcerative colitis and Crohn’s disease

respectively. At a unit cost of around £20 per consultation, this amounts to an

average cost ofless than £30 per patient per six months for primary carevisits.

3.4 Discussion

Ulcerative colitis and Crohn’s disease follow a long and often unpredictable

course and havesignificant effects on the lives of the individual. In this study,

by means of a cross sectional survey, we examined indirect and intangible

costs in the form of lost employmentdays, restricted activity days and reduced

quality of life in patients with inflammatory bowel disease. Such analyses

have becomeacceptedas an integral part of economic appraisal of any disease.

Between one third and one half of employed IBD patients reported some loss

of work days during a six month period, similar to reports from Europe 1695173

and North America. '°°!7! In addition, we estimated loss of time from

household and recreational activities, an impact of IBD that has not been
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previously quantified. Our cohort reported an average of 18 days of ‘restricted

activities days’ per six monthsas result oftheir illness. We also examined the

level of non-reimbursable out-of-pocket expenses incurred by IBD patients. In

the UK, patients pay fixed prescription charges rather than the full costs of

medication such that the figures for out-of-pocket expenses may appear low in

comparison to those ofpatients in other health care systems. Thedisability rate

reported was similar to those reported in previous studies from UK and

Sweden.!7!4

Based on our survey, the average frequency of consultations in general practice

per six months wasjust 1.1 visits per patient. This is similar to values quoted in

: +... 4231423152 ‘3 :previous UK studies. This is half the average rate of outpatient

consultations in secondary (hospital) care, indicating that these diseases are

managedlargely in the secondary care setting in the UK. Inclusion of primary

care visit costs to our costs of illness estimates would have added

approximately £30 per patient per six months to average costsof care.

On multivariate analysis, disease state category was one of the main

determinants to the quality of life quantified by UK-IBDQ. The strong

association between disease specific quality of life and disease staging was

expected as the disease grade is based on clinical severity determined by

intensity of medical treatment. However, this confirmation and the UK-IBDQ

scores obtained in each category provide useful data for future economic

modeling in IBD patients from UK.
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Inflammatory bowel disease also has a negative impact on the general well

being of the patients as reflected by the quality of life questionnaire (UK —

IBDQ). Respondents with Crohn’s disease had lower scores compared to

patients with ulcerative colitis in all domains. One possible explanation could

be that the respondents in the two groups were not exactly matched for disease

severity. However, when previous comparisons have been made, the patients

with Crohn’s disease have scored similar or worse than ulcerative colitis in

almostall areas of quality of life!”>, suggesting that in a unselected cohort, the

quality of life of patients with Crohn’s disease is more impaired than for

patients with ulcerative colitis.'"~'®* For patients with ulcerative colitis, there

was a trend for patients to have lower scores if they had pancolitis rather than

proctitis or left sided disease. In Crohn’s disease, there was a trend for patients

to have a higher score if they had small bowel disease rather than colonic or

ileo-colonic disease. However on multivariate analysis disease site / extent

was not a significant determinant of quality of life scores as determined by

UK-IBDQ.This is in keeping with observationsin other studies.'*""®

The study also observed that current employment wasa significant predictor of

higher overall and sub-domain scores. This may be due to the higher

proportion of mildly affected patients among the employed. This affect of

employment was mostsignificant in the social function sub-domain. It is also

possible that continued employment imparts somebenefits related to health and

well being.
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A numberofpotential limitations were present in this study. All time loss data

were derived from patient self reported with recall interval periods up to six

months. It may be difficult for patients to reliably report time losses and

functional level over longer period, particularly for a disease marked by

fluctuation, such as inflammatory bowel disease. Human capital method was

used to calculate the costs of lost productivity which estimates the value of

potentially lost production (or the potentially lost income) as a consequence of

disease.'** There have been suggestions that this method might over estimate

the real production losses to society.'® For short term absences, work may be

taken over by others, non urgent work may be cancelled or made up for by the

sick employee after returning to work. For long term absences, work can be

taken over by someone drawn from the ranks of the unemployed or by

reallocating employees over jobs. Also, people perform valuable activities

besides employment, such as housekeeping and volunteering. The time losses

of unpaid labour categories have traditionally been excluded from economic

evaluations and were not valued here. Health care decision making based

solely on economic assessments of the productivity of employed persons may

result in inequitable health policies. Further research is required to examine

the opportunity costs of time losses for various types of unpaid labour, such as

homemaking, child care, volunteer work, university studies as well as lost

leisure time. While researches may not agree on whether or how to assign

value to the time losses of unemployed persons, students, retirees and disability

pensioners, it is useful to quantify and report the time losses to these sectors.

For this reason the total number of ‘disability’ days has also been reported

without assuming the value of time lost. This will enable comparison of
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indirect losses with other studies in IBD and also with other disease states.

Finally, this study focused on the measurementofpatient productivity loss and

lost leisure time but did not examine the time loss of caregivers, additional

important components in a comprehensive assessmentofindirect costs.

The symptoms of IBD and the impact of this chronic disorder on both patients

and the healthcare system alike are substantial. Because IBD has such a high

prevalence and predominantly affects adults of working age, it imposes a

significant burden on the patient as well as the employer, third-party payers,

and society through a variety of indirect costs. Assessments of limited activity

days andthe resultant costs help to heighten awareness of the economic burden

of indirect costs borne by society as well as by individual patients. By

providing a detailed description of indirect costs from various perspectives, this

research may assist clinical and policy decision makers to develop optimal

disease managementstrategies andallocation of scarce healthcare funds.
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4 Patient-derived Health State Utilities and

Willingness-to-Pay in IBD

4.1 Introduction

The inflammatory bowel diseases (Crohn’s disease and ulcerative colitis) are

chronic relapsing conditions that often begin in early adult life. They may

require extensive therapeutic interventions over several decades of disease and

are therefore associated with significant cumulative human and economic

costs. Curative drug therapies for IBD are lacking such that the focus of

current medical managementis to improve or maintain quality oflife (QoL).

A variety of psychometric quality of life instruments have been developed to

assess health-related quality of life.'8*'8” These include generic systems that

188-191
measure aspects of health that are relevant to everyone , and disease-

specific instruments that target the concerns of a specific patient group.?"!5

Such descriptive instruments describe levels of wellbeing in a variety of

domains(eg. pain, social functioning, bowel function). Medical interventions

may lead to improvements in one area but worsening scores in anotherarea.

This maylimit the ability of multi-domain instruments to demonstrate whether

overall wellbeing has improved or not. In the field of IBD, the Inflammatory

Bowel Disease Questionnaire has becomeone of the most widely adopted and

well-validated disease-specific multi-attribute instruments.'™
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There are potential advantages to measuring generic health-related quality life

along a single cardinal scale. Economic theory has produced the concept of

health state utility, whereby health related quality of life is graded on a scale

from zero (death) to 1 (perfect health).'°° A variety of methods have been

developedto estimate utility weights.'"°'”? These include direct instruments

that seek to elicit the strength of patient preference for alternative health

outcomes. The Time Trade Off (TTO) technique measures how much

longevity an individual would forgo to avoid being in a particular health

196 This measure is based on economic theory andincorporates the notionstate.

of choice or sacrifice. Alternatives include simple visual analogue rating scales

or generic, pre-scored multi-attribute instruments, such as the EuroQoL (EQ-

5D) tool.2°° The precise numerical value and interpretation of a given utility

estimate depends on the method employed.””' 7”

Utility scores are used to calculate a generic measure of health outcome, the

Quality Adjusted Life Year (QALY), which combines both quality and

quantity of life. One year spent in perfect health (utility weight = 1) equates to

1 QALY. Governmental agencies responsible for health care provision,

treatment guidance or technology appraisal increasingly rely on the technique

of cost-utility analysis to make judgements about cost-effectiveness of rival

therapies. The calculation of the incremental cost-per-QALY of new

treatments has become a standard method for expressing value-for-money of

medicalinterventionsrelative to existing options.”” In the field of IBD, novel
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biological therapies have been subject to a number of theoretical cost-utility

analyses. 126;204-206

An alternative approach to measuring the impact of a disease on health-related

quality of life is to determine how muchpatients are willing to pay to be free

from their disease. A higher ‘willingness-to-pay’ (WTP) indicates a worse

quality of life. There is growing interest in the application of contingent

valuation survey methods to determine how much patients would be prepared

to pay for a hypothetical cure.””” The valuation of health states in monetary

termsis a pre-requisite for true cost-benefit analysis.

Only limited data are available relating to health state utilities and willingness-

to-pay in patients with IBD.'”!7°'° The present study aimed to: (i)

Determine the feasibility of directly eliciting patient-derived health state-

utilities and WTP in subjects with ulcerative colitis and Crohn’s disease; and

(ii) To analyse how these measures are related to clinical state and health-

related QoL as measuredbytraditional clinical grading schemesand bya well-

established disease-specific quality of life instrument, the UK - Inflammatory

BowelDisease Questionnaire (UK - IBD-Q).'%

Correlation of utility measurements and WTP valuesto traditional parameters

of disease severity provides the opportunity to test the validity of these novel

instruments in the setting of IBD. Furthermore, such correlative exercises

provide information that may allow prediction of utilities from existing
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psychometric measurements. Our study is based on face-to-face interviews

undertaken in 129 patients with IBD.

4.2 Methods

4.2.1 Study Participants

A convenience sample of 129 patients attending the out-patient department or

admitted for in-patient care at the Aintree Centre for Gastroenterology were

recruited and interviewed. The centre is based at a teaching hospital serving a

population of 330,000 residents in North Liverpool, United Kingdom. All

patients had a confirmed diagnosis of Crohn’s disease or ulcerative colitis and

details of demographics, disease type and extent were recorded using standard

criteria.”* Patient postal code was used to obtain ward level index of multiple

deprivation (IMD 2000), a weighted aggregation of deprivation in domains

related to income, employment, health, education, housing and access to

services.-”® All patients gave informed consent andthelocal ethics committee

approvedthe study.

4.2.2 Interview Schedule

Participants were introduced to the purpose of the study and underwent a

standardised face-to-face interview by a medical gastroenterologist. At the
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interview, each participant was asked to rate his/her current state of health

using measures of health utility and willingness-to-pay, then a clinical

assessment of disease severity and health-related quality of life was made as

detailed below. In order to assess test-re-test reliability, the interview was

repeated in a sample of 15 patients within four weeks after the initial

assessment.

4.2.3 Direct Measurementof Health State Utility Weights

4.2.3.1 Time trade off (TTO)

The TTO approach measureshealth utility by asking the respondent to choose

between two alternatives that have known outcomes. Firstly, participants were

asked to consider living in their present state of less than full health due to

inflammatory bowel disease for a defined period of time until death. The

alternative was to imagineliving in a state of full health but for a shorter period

of time followed by death. Respondents were asked to “trade off’ shorter

periodsoftime in full health against longer periodsoflife with lower quality of

life.

A standardised interview format was employed (Appendix A1) to determine

how many years (x) in full health a patient would consider was equivalent to

continuing in their current state for the remainderof their life expectancy (y).

The number of years (x) in full health was varied by the interviewer using a
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converging “ping pong” technique to identify the point at which the patient is

indifferent about the choice between his own health state for remaining life

expectancy and perfect health for a shorter period of time.' A utility score

was calculated as x/y. Various population studies have shown that the life

expectancy of the patients with IBD is not reduced after the first year of their

diagnosis. Age- and sex- specific life expectancy tables from the general

population were used to estimate life expectancy (UK Government Actuary

Department Website).””” In the eventthat a patient was unable to answer the

TTOscoring questions then the reason for not doing so was recorded.

4.2.3.2 Visual analoguescale

Patients were asked to place their current health state alongside a 0-100 mm

vertical line anchored at one end by their worst imaginable health state

(bottom) andat the other by a state of perfect health (top). This point was then

converted to a utility score between 0 (worst) and 1 (perfect).

4.2.3.3 EuroQol (EQ-5D)

This is as a generic measure of health related quality of life. EuroQol is a

standardised instrument that has been applied to a wide range of health

conditions and treatments and provides a simple descriptive profile and a single

200index value for health status.” The EQ-5D descriptive system comprises 5
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dimensions of health (mobility, self-care, usual activities, pain/discomfort

anxiety/depression). Each dimension comprises three levels (no problems,

some/moderate problems/extreme problems). The data obtained are used to

generate a weighted health index, based on tables of values derived from

United Kingdom general population samples.

4.2.3.4 Assessment of Willingness-To-Pay (WTP)

Using a structured technique (Appendix A2), WTP for a theoretical cure was

elicited. Patients were asked to indicate how much, in theory, they would

consider paying for a chronically administered treatment that provided an

instant cure without side effects, complications or risk of death. This was

evaluated as a recurring out-of-pocket expense that would be paid by the

patient in their current financial circumstances, thereby resulting in the patient

having less to spend on other itemsin their personal budget.

In this study, WTP was measured using the double bound dichotomous choice

approach followed by an open-ended question.””° In order to avoid the initial

bid bias, the respondent was first asked if he / she was willing to pay a

randomly chosen amount from a pre specified range to avoid the disease.”"! If

the respondent was willing to pay the initial bid, the interview revised the bid

upwards until a negative response was obtained. If there was a negative

responseto the initial bid, the interviewer revised the bid downwards until an

acceptable amount was found. Respondents who provided a zero evaluation
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for WTP were prompted to clarify whether they simply were not willing to pay

anything at all for health improvement, did not actually value the proposed

change in health state (i.e. were indifferent between the poor and goodhealth

states) or had another reason for being unable to assign a monetary value(e.g.

income constraint or ethical objection to such a valuation). Values were

expressedin £ sterling.

4.2.4 Clinical Severity and Health-Related Quality of Life

4.2.4.1 Measuresof disease activity

Crohn's disease activity was measured by Harvey-Bradshaw Index (HBI), a

five-point score based on general well being, abdominal pain, numberofliquid

stools, abdominal mass and complications.” The Simple Colitis Activity

Index (SCAI) was used to score the severity of UC, based on assessment of

bowelfrequency, urgency of defecation, bloods in stool, general well being and

213
extracolonic features.” In order to dichotomise patients into active versus

inactive disease, we defined active CD as a HBI >S and active UC as a SCAI

agers

4.2.4.2 Clinical severity grade

Disease severity was also classified according to a simple scale first reported

for a large population-based cohort of IBD patients.” The scale has been used

by various groups to define Markov states in economic modelling exercises in
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IBD”and by us.2!° Seven grades of severity are defined according to disease

response to treatment, namely: (1) remission (not requiring active medication);

(2) mild disease (treatment with 5-aminosalycylic acid preparations, antibiotics

or topical therapy); (3) severe disease, drug responsive (treatment with

immunosuppressant with improvement); (4) severe disease, drug dependent

(treatment with immunosuppressant lasting more than 6 months with lasting

improvement); (5) severe disease — drug unresponsive (treatment with

immunosuppressant with no clinical improvement within 2 monthsofstarting

steroids or 6 months for immunosuppressive medication); (6) undergoing

surgery; and (7) post-surgical remission.

4.2.4.3 Health-related quality of life (HRQoL)

Participants were asked to complete a self-administered disease-specfic

HRQoL questionnaire, the UK version of IBD-Q. The IBD-Q is a well-

validated tool that has been applied previously in our IBD population.” UK-

IBDQhas 30 questionsin five domains:

Bowel symptomsI — bowel movementanduseoffacilities (6 questions),

Bowel symptomsII — general bowel symptoms(4 questions)

Emotional function (9 questions),

Systemic symptoms (6 questions) and

Social function (7 questions)

Answers are ranked 1(representing worst) to 4 (representing best), so that a

maximum score of 120 can be generated.
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4.3 Results

4.3.1.1 Patient characteristics

The study population comprised of a total of 129 cases of confirmed IBD

(ulcerative colitis: n=83; Crohn’s disease: n=46) with an average disease

duration of 15.7 years. The demographics and clinical characteristics of the

patients are shown in Table 4.1. There was no difference in the spectrum of the

disease activity (p 0.69) and disease stage (p 0.069) in the two disease groups.

However, the Crohn’s disease group contained a greater proportion of patients

with a history of previous hospitalisation or surgery than the ulcerative colitis

group. [p 0.012 — Mann-Whitneytest]

Table 4.1: Demographics and disease characteristics

 

 

 

 

 

Left-sided: 32(38)
Pancolitis: 36(43)
Unknown: 1(1)

Parameter Ulcerative colitis Crohn’s disease

Numberof patients 83 46

Age, mean (SD) 47 (15) 44 (15)

Gender, Male n(%) 52 (63) 13 (28)

Extent of disease, N (%) Proctitis: 14(17) Tleal:24 (52)
Colonic: 8(17)
Tleocolonic: 13(28)
Unknown: 1(2)
 

 

 

 

   
Disease Activity

(remission active) 61/22 19/27

Previous Surgery 1 29

Previous Hospitalisation 51 39

Disease Staging, N (%)
Remission 10 (12) 4 (9)

Mild 35 (42) 16 (35)
Severe (drug responsive) 16 (19) 7 (15)
Severe (drug dependent) 16 (19) 9 (19)
Severe (drug resistant) 5 (4) 4(9)
Post surgical remission I(1) 6(13)
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4.3.2 Health-State Utility Scores in Inflammatory Bowel

Disease

4.3.2.1 Feasibility of time trade-off (TTO) method

In total, 118 patients were able to complete the TTO questionnaire. Ofthe nine

patients (7%) who were unable to complete the TTO method, three patients

could not comprehend the question while the remainder cited religious or

ethical reasons. There were nosignificant differences in age, disease duration,

and sex between those who completed and those who did not complete the

TTO method. However, there was a non-significant trend towards higher age

(median 48 yrs) and longer duration of disease (median 10 yrs) in the group of

patients who completed the TTO compared to the group who did not complete

it (median age 43 yrs, duration of disease 7 yrs).

4.3.2.2 Test-re-test reliability

The reliability of the TTO was assessed using ICC (intra class correlation

coefficient) within 15 patients in whom TTO method wasapplied again within

four weeks. The ICC (CI) for the comparison of TTO scores was 0.7 (0.3 —

0.9), of VAS was 0.8 (0.4-0.9), of EuroQol was 0.8 (0.4 -0.9) and of UK -

IBDQ was 0.9 (0.7 — 0.9).
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4.3.2.3 Utility scores elicited by different methods

In ulcerative colitis the median (IQR) health state utility for all patients was

0.99 (0.88 - 1) with the TTO method, 0.7 (0.55-0.85) with the rating scale

(VAS) method, and 0.8 (0.69 - 1) based on EuroQol. For Crohn’sdisease the

median (IQR)health state utility for all patients was 1 (0.75 - 1) with the TTO

method, 0.65 (0.41 — 0.8) with the rating scale method, and 1 (0.63 - 1) with

EuroQol. For both diseases, utility scores elicited by the TTO method

produced higher scores than those obtained by the VAS (p = < 0.001) or

EuroQol methods (p = < 0.001). Figure 4.1 illustrates median utility scores for

the three methods. Empirical studies have produced evidence that the three

methodselicit different absolute value for quality weights, the general pattern

being that, given commonscaling, the time-trade off elicits higher quality

weights than EuroQol which in turn elicits higher values than VgMee

This ordering was maintained in our observation (Figure 4.1).

 
 

     
 

Crohn's Disease Ulcerative Colitis
12 12

1.0 1.0

3 8 8 8
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2 2
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VAS EuroQot TO VAS EuroQot TTo

Utility Variables Utility Variables

Figure 4.1: Comparison of utility scores elicited from IBD patients according to the

method used.

[Box-whiskerplots showing median (bold line), 25.75" quartile range (box)

and data range(error bars) for health state utility scores]
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4.3.2.4 Constructvalidity for utility measures

Measures of construct validity seek to establish the extent to which the

instrument or methodology under investigation (ie. health state utilities)

succeeds in quantifying the ‘construct’ of interest (ie. overall quality oflife in

IBD).

In order to assess the construct validity of each of the alternative methods for

eliciting utility weights, we assessed the strength of correlations betweenutility

weights and moretraditional scales of disease severity, namely overall health

related quality of life (UK-IBDQ) score (Figure 4.2) and disease activity score

(Figure 4.3).
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Crohn’s Disease

Correlation coefficient

Ulcerative Colitis

Correlation coefficient

 

 

   
[Cl] [Cl]

TTO 0.49** (0.2,0.7) 0.43** (0.2, 0.6)

VAS 0.65** (0.4, 0.8) 0.7** (0.5, 0.8)

EuroQol 0.63** (0.4, 0.7) 0.73** (0.6, 0.8)  
 
 
** Correlation significant at the 0.001 level (2-tailed); Spearman’s Ranktest

Figure 4.2: Correlation between utility scores and IBDQ score

In the case of disease activity scores, we would anticipate that patients with

higher disease activity would give lower utility scores, reflecting impaired

wellbeing as a result of more active disease. As predicted (Figure 4.3), we

observed a significant negative correlation between disease activity and utility

values irrespective of the method employed. The correlation coefficient was

lower for the TTO method than for other methods,albeit still representing a

highly significant linear relationship.
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Similarly, we expected to elicit higher utility scores with improving quality of

life and this was confirmed with positive correlations betweenthe utility scores

and total scores for the IBD-Q. Again, the correlation coefficients were lower

for TTO method than for the other two methods of health state utility

measurement(Figure 4.2).
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Utility Scores

 

Crohn’s Disease

Correlation coefficient

[Cl]

Ulcerative Colitis

Correlation coefficient

[Cl]
 

 

  
TTO -0.37** (-0.6, -0.1) -0.42** (-0.5, -0.2)

VAS -0.54** (-0.7, -0.3) -0.66** (-0.7, -0.5)

EuroQol| -0.61** (-0.7,-0.4) -0.65** (-0.7,-0.5)   
 

** Correlation significant at the 0.001 level (2-tailed); Spearman’sranktest

Figure 4.3: Correlation between utility scores and disease activity
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The correlation between the utility scores and each domain in IBDQ in Crohn's

disease (Table 4.2) and ulcerative colitis (Table 4.3) was also calculated.

Table 4.2: Correlation (Spearman’s ranktest) between utility scores and each domain in

the IBDQ for Crohn’s disease

 

 

 

       
 

 

 

 

  

Bowel 1 Bowel 2 Systemic Emotional Social

Correlation Correlation Correlation Correlation Correlation

[CI] [CI] [CT] [CT] [CI]
VAS 0.6** 0.5** 0A"* 0.6** 0.5**

(0.4-0.7) (0.2-0.7) (0.4-0.7) (0.4-0.7) (0.3-0.7)

EuroQol 0.4** 0.5** 0.6** 0.5** 0.5**
(0.1-0.7) (0.2-0.7) (0.4-0.7) (0.3-0.7) (0.3-0.7)

TTO 0.4** 0.3 0.2 O.5** 0.5**
(0.1-0.7) (-0.005-0.5) (-0.06-0.5) (0.2-0.7) (0.2-0.7)

**Correlation significant at the 0.001 level (2 tailed); Spearman’s Ranktest

e

Table 4.3: Correlation (Spearman’s rank test) between utility scores and each domain in

the IBDQ for Ulcerative Colitis

Bowel 1 Bowel 2 Systemic Emotional Social
Correlation Correlation Correlation Correlation Correlation

[CT] [Cl] [Cl] [CI] [CT]
VAS 0.6** 0.5** 0.7** 0.6** 0.7**

(0.4-0.7) (0.2-0.6) (0.5-0.7) (0.4-0.7) (0.5-0.7)

EuroQol 0.6** 0.6** 0.7** 0.7** 0.6**

(0.4-0.7) (0.4-0.7) (0.5-0.8) (0.1-1.9) (0.5-0.7)

TTO O3* 0.4** 0.4** 0.5** 0.5"
(0.3-0.6) (0.1-0.5) (0.1-0.5) (0.2-0.6) (0.3-0.7)      
 

**Correlation significant at the 0.001 level (2 tailed); Spearman’s Ranktest

As a further measure of construct validity, we assessed the ability of each of

the methodsfor obtainingutility weights to differentiate between remission and

active disease as defined by threshold disease activity scores (Figure 4.4 and

Table 4.4/Table 4.5). As expected, the mean utility scores were significantly

lower (Mann Whitney U test; p < 0.05) in patients with established active

disease irrespective of the method of obtaining the utility values.
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Figure 4.4: Utility scores in active disease and in remission
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Table 4.4: Meanscores (SD) for active and inactive Crohn’s disease

Remission * Active Disease * p value+

IBD-Q 97 (12) 70 (12) <0.001

Time Trade Off 0.9 (0.1) 0.8 (0.1) 0.03

Visual Analogue Scale 0.73 (0.19) 0.54 (0.2) 0.002

EuroQoL (EQSD) 0.86 (0.12) 0.61 (0.25) <0.001    
 

* Remission = HBI <4; Active disease = HBI sar423. + Mann Whitney U test

Table 4.5: Mean scores (SD) for active and inactive Ulcerative Colitis

 

 

 

 

     

Remission * Active Disease * p value

IBD-Q 101(10) 72 (25) <0.001

Time Trade Off 0.95 (0.1) 0.78 (0.2) < 0.001

Visual AnalogueScale 0.76 (0.17) 0.53 (0.2) < 0.001

EuroQoL (EQS5D) 0.86 (0.12) 0.55 (0.25) <0.001
 

*Remission = SCAI <5; Active disease = SCAI >6 224225. + Mann Whitney U

test
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4.3.2.5 Influence of demographic andclinical variables on

health state utilities

Multiple linear regression analysis using a backward stepwise technique(entry

0.05; removal 0.1) was performed between utility weights and patient age, sex,

disease activity (active or quiescent disease), disease duration, previous

surgery, previous steroid or immunosuppressant use, previous admission for

surgical or medical management of IBD and“status of living” as determined

by the multiple deprivation index (MDI). Diseaseactivity (classified as active

or remission) was a significant variable for all three utility measures. In

addition, the other significant variables (shown in Table 4.6) for VAS included

MDIscores, for TTO scales included gender, disease duration and previous

admission for medical management, and finally for EuroQol included gender

and previous surgery.
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Table 4.6: Linear regression analysis (backward stepwise) for utility scores derived by

VAS, TTO and EuroQol

 

 

       
 

 

 

 

       
 

 

 

 

 

 

       
 

 

 

 

  

Coeff(U) Coeff(S) t Sig. 95%
Confidence

Interval for B

B SE Beta Lower Upper
Bound Bound

Dependent Variable: VAS; R? - .028

(Constant) 1.038 .058 17.8 .000 .922 1,153
Active disease -.211 .035 -.476 -5.9 .000 -.281 -.141
MDI -1.673E-03 .001 -.173 -2.1 .032 -.003 .000

Dependent Variable: TTO;R? - 0245

(Constant) #12 .062 14.7 .000 .790 1.034
Sex .104 .029 309 3.5 .001 .046 163
Active Disease -.123 .030 -.347 -4.0 .000 -.183 -.064
Disease duration 2.372E-03 .001 .147 1.7 .087 .000 005
Previous medical -7.311E-02 .032 -.201 -2.2 .025 |-.137 -.010
admissions

DependentVariable: EuroQol; R? — 0.343

(Constant) 1.270 .080 15.8 .000 1.111 1.429
Sex -7.666E-02 .038 -.158 -2.0 .046 -.152 -.001
Active disease -.312 043 -.618 -7.3 .000 -.397 -.228
Previous surgery 9.547E-02 .050 .167 1.9 .058 -.003 .194       
 

Unstandardized Coefficients = Coeff (U); Standardized Coefficients =

Coeff (S); SE = Standard Error
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4.3.2.6 Health state utility estimates accordingto clinical

severity grade

A numberofexisting health economic assessments have employed estimates of

utility values for a number of discrete clinical severity grades. The utility

values used in these analyses have been based on expert opinion or indirect

extrapolation rather than actual measurement of utility values from real

patients. Our estimates for each state are given in Table 4.7.

Table 4.7: Health state utility (median and range) according to clinical severity grade.

 

 

 

 

 

 

 

    
 

 

 

 

 

 

     

Parameter VAS EuroQol TTO

Crohn’s Disease

Remission 0.65 (0.4 — 0.85) 0.7 (0.29 — 1) 0.8 (0.6 -1)

Mild 0.7 (0.3 — 1) 0.75 (0.52 — 1) 0.96 (0.7 -1)

Severe (Drug responsive) 0.4 (0.3—0.82) 0.8 (-0.08 to 0.8) .0.83 (0.73 — 1)

Severe (Drug dependent) 0.65 (0.3 — 0.95) 0.73 (0.52 — 1) 0.78 (0.57 — 1)

Severe (Drugresistant) 0.42 (0.3 — 0.82) 0.6 (.19 — 1) 0.53 (0.52 — 0.8)

Post surgical remission 0.68 (0.25 — 0.9) 0.92 (0.19 -1) 0.82 (054 — 1)

Ulcerative Colitis

Remission 0.92 (0.4 — 0.85) 0.7 (0.29 — 1) 0.99 (0.78 — 1)

Mild 0.75 (0.4 — 1) 0.8 (0.52 — 1) 1 (0.46 — 1)

Severe (Drug responsive) 0.65 (0.63 0.9) 0.8 (0.9 — 1) 0.98 (0.47 -1)

Severe (Drug dependent) 0.7 (0.3 — 0.9) 0.82 (0.1 — 1) 0.95 (0.34 — 1)

Severe (Drugresistant) 0.4 (0.1—0.5) 0.59 (-0.24 to 0.8) 0.75 (0.23 — 0.71)

Post surgical remission 0.45 0.52 0.71
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4.3.3 Willingness-To-Pay in Inflammatory Bowel Disease

4.3.3.1 Feasibility of the Willingness-To-Pay (WTP)

methodology

The response rate for the WTP question was 96% of those who completed the

survey. As is usual for this type of technique, some patients gave zero bid

values (14%; n=18 patients). Six of the zero bids could be classified as "protest

bids"(patients “refused” to pay on either ideological or ethical grounds). The

majority of zero bids were given by people whoeither had financial problems

or were indifferent to their disease state.

4.3.3.2 Willingness to pay values

The overall mean (SD) WTP for UC was £1,793 (£3054) per annum and for

CD was £2,685 (3466) per annum. Individual bids for a theoretical cure for

disease ranged from £0 to £5,200 per annum for Crohn’s disease (between 0%

to 69% of patient annual income) with the median being £1,430; For ulcerative

colitis, the bid ranged from £0 to £25,000 per annum (between 0% to 52% of

patient annual income) with a median bid of £1,200. The distribution of WTP

bids is illustrated in Figure 4.5.
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Figure 4.5: Distribution of willingness to pay bids

4.3.3.3 Construct Validity of Willingness to Pay

We assessed construct validity by correlating WTP values (normalised to

percentage of income) with disease activity indices and UK version of IBD-Q

(Figure 4.6) and found poorcorrelation. Discriminant validity also appeared

weak, with no significant difference in WTP between remission and active

Crohn’s disease. WTPbids, as percentage of income, were significantly higher

in active colitis versus inactive disease (35% Vs 12%; p = 0.05) but not so in

Crohn's disease as shown in Figure 4.7.
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4.3.3.4 Influence of demographic andclinical variables on WTP

Multiple regression analysis using backward stepwise technique (entry 0.05;

removal 0.01) was performed between percentage WTP (% WTP) andage,sex,

disease activity, disease duration, previous surgery, previous steroid or

immunosuppressant use, previous hospital admission for medical management

and disease extent. We postulated that WTP maybe influenced more by the

past experience of the disease than simply reflecting current symptom status.

Significant variables (Table 4.8) included age, disease duration and previous

hospitalisation for either medical or surgical management, confirming this

possibility. In contrast to the utility scores, disease activity did not have a

significant influence and it was the past experience (either surgical or medical

admission) which has the most significant influence of the WTP amounts. This

suggests that in our patient population, WIP amounts reflect the past

experience rather than the ‘here and now’point estimates.

Table 4.8: Linear regression analysis (backward stepwise) for percentage willingness to

 

 

 

 

 

 

       

pay

Coeff Coeff t Sig. 95%
(VU) (S) Confidence

Interval for B

B SE Beta Lower Upper
Bound Bound

(Constant) -25.5 16.0 -1.6 .114 -57.4 6.2

Age 25 0.31 34 3.1 .003 .3 1.5

Disease duration -1.24 43 -.33 -2.8 .005 -2.1 -.3

Previous surgery Bal 9.18 35 3.4 .001 13.5 50.0

Previous admissions 18.3 8.67 aad 2.1 .037 1.1 35.6

for medical treatment  
 

a Dependent Variable: % WTP; R* = 0.199
Unstandardized Coefficients = Coeff (U); Standardized Coefficients = Coeff

(S); SE = Standard Error
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4.3.3.5 WTP estimates according to clinical severity

There was nospecific trend for the willingness to pay data in the more severe

disease categories as shown in Figure 4.8: and Figure 4.9.
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4.4 Discussion

In this study we conducted face-to-face interviews with a group of 129

inflammatory bowel disease patients in order to measure health state utilities

and willingness-to-pay for a cure. The interviews are time-consuming for

patients and we relied on a convenience sample of volunteer patients.

However, the demographic andclinical characteristics of the study participants

were very similar to that of our whole IBD cohort.?'°

We have demonstrated that it is feasible to elicit utility weights and WTP

values in patients with IBD. In accordance with reports in IBD’ andin other

disease areas”!’?!* different methods for measuring utility weights yielded

different results, with the TTO method giving highest absolute values and the

VAS(rating scale) giving the lowest scores as predicted. The TTO methodis

preference-based and incorporates an explicit choice between different health

outcomes by requiring a theoretical trade off between longevity and quality of

life. We chose to employ the TTO methodtoelicit utility weights rather than

an alternative direct method (eg. the Standard Gamble) as this technique is

conceptually easier for patients to comprehend and has reported advantages

over other methods.'!>

Regardless of the method used to derive utility weights, we found evidence to

support the validity of utility scores as measuresofhealth-related quality oflife

in patients with colitis and Crohn’s disease. The strength of correlation

between utility score and activity score or IBD-Q score varied depending on
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the survey method. There was a strong correlation between with VAS and

EuroQol, not dissimilar to those seen in previous studies.”°” The TTO

approach giving the lowest Spearman correlation coefficients. There are two

possible interpretations of these results.

Firstly, the TTO method maybe a less accurate measure of overall wellbeing

than the VAS and EQ-5D. The technique might be more. prone to

measurement error due to the unfamiliar preference-based nature of the



questioning. However, test-re-test scores in patients remaining in the same

health state showed only a small degree of variation in scores taken few weeks

apart. Despite the seemingly unorthodox methodology, the TTO technique has

provedhighly valid in various other disease areas.”*!

Secondly, the TTO method may be measuring someaspects of quality oflife

that aren’t captured by simple disease activity scores or the IBD-Q. Thelatter

traditional assessments tend to focus on current (or very recent) health state,

whereas the TTO approach may incorporate elements of past experience or

future expectations of disease behaviour in eliciting a patient’s willingness to

trade life span for restoration of normal health. In our patient population,

previous hospital admission for management of inflammatory bowel disease

(Table 4.6) seemed to have a significant influence on the TTO scores. A

perfect correlation between two different instruments would not be expected

unless the instruments were measuring exactly the same constructs. This

merits further study.
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Timetrade off utility values are generally unaffected by age, ethnicity, gender,

level of education and incomebracket. They appear to be innate to human

nature rather than be affected by demographics. These variables have been

shown repeatedly not to affect, or negligibly affect, time trade off utility

values.”*! However, there remains a controversy about how to handle co-

morbidities in assessing the value conferred at utility analysis.”** TTOutility

of some diseases are unaffected by comorbidities while with other disease, the

223-236utility values are affecte Patients can readily differentiate the

proportion of life’s time traded for the eradication of each disease when

' and the question in this study was thereforemultiple diseases are present”

framed as such by asking the subjects to consider only inflammatory bowel

disease. This type of disease specific measure in which the diseases are

separated out is more difficult to perform with a multiattribute instrument such

as the EuroQol 5D wherethe five dimension question for each disease, with the

overlap of the diseases again theoretically poses a differentiation problem.

A health state utility derived by TTO in patients with mild disease or remission

was not very dissimilar to the normal population (i.e. values close to 1.0) but

those derived by alternative methods (VAS and EuroQol) were significantly

lower. Our survey suggests that in remission / mild disease, even though there

is impairment of quality of life (as demonstrated by IBDQ, EuroQol and VAS

derived scores), it is not sufficient to warrant significant ‘trade in’ of the

numberofyearsoflife to achieve perfect health. On the other handtheutility

scores derived by TTO in patients with severe disease were similar to those in

238. : : - 239
chronic renal disease”*’, major stroke””® or severe angina’. However, because

138



of the inherent problems in utility values derived by the TTO method, such

comparisons should be interpreted cautiously when comparing different

. . 40, 232
diagnostic groups.” 0, 23

123;125-128 it has not
Although the TTO, has been used in IBD patients before,

been formally validated to provide patient derived health state utilities

according to clinical severity grades. This is the first study to apply the TTO

jointly with disease specific instruments (IBDQ; CAI and HB index) and other

generic instruments (EuroQol, etc). Therefore it was possible to assess the

ability of the TTO to measure the impact of IBD on both disease specific

aspects of HRQOLas well as overall HRQOL.

Our report is the first to give WTP values for a cross-section of IBD patients

and indicates that patients would give up between 0 and 69% of their annual

incometo befree of their disease which, in our study population,translates to a

mean of £1,793 per annum for ulcerative colitis and £2,685 per annum in

Crohn’s disease. This compares with values of £313 per year for

antihypertensive treatment’, £ 112 per month for additional treatment of

rheumatoid arthritis” and a range of £1,047 to £2,740 per year for the

treatment of mild to moderate dementia.”

Our results suggestthat, unlike utility weights, WTP bids correlate poorly with

more established measures of disease severity. Thereliability of WIP may be

low for a numberof reasons. Given the nature of the state funded health care

system in UK, most respondents have never attempted to place monetary value
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on disease states, and may find it difficult to provide specific values as is

required for WTP studies. The respondent may consider the WTP question to

be unrealistic and may lack the knowledge of the option under evaluation, as a

‘magic treatment (cure)’ does not actually exist. Another major drawback of

WTPresultsis that it is influenced by non health attributes such as income and

is thus linked to the ability to pay. Furthermore, people are willing to pay more

for a health outcome if the cost is paid by an insurance companyrather than

with their personal funds. These are however general problems in contingent

valuation and are not specific for this study. Poor correlation of WTP with

otherutility measures has been observed in different disease states”'8?44-748 and

suggests that WTP captures other aspects of patients values than what is

quantified in the dimensionsofutility measures. Caution needs to be applied

when comparing the WTPresults in different studies as the values obtained are

highly dependent on the elicitation technique and the data collected using a

different question format may makeit impossible to compare results”?

There are a numberof limitations to the study. The respondents were asked to

evaluate the current health states specifically due to inflammatory bowel

disease. However some respondents will inevitably be influenced by

associated co-morbidities. Another possible limitation is the single observer

bias as only a single researcher conducted the questionnaires. Relative small

numbers of respondents may have biased the study. Also, sensitivity to the

disease state change has notbeentested.
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4.5 Conclusion

There is a growing necessity to make clinical decisions based on patient

centred outcome measures. HRQoL is now widely recognised as one of the

major health outcomeindices in clinical studies, health services research and

health policy formation. This study demonstrates the feasibility of deriving

health state utilities in patients with inflammatory bowel disease using VAS,

TTO and EuroQol methodsandtheir correlation to the clinical health states and

health related Qol using disease specific quality of life questionnaires. In this

study utility values in different disease severity scales were obtained using the

available methods and though the absolute values varied, there was moderate to

strong correlation with the traditional methods of measuring quality oflife in

inflammatory bowel disease. Perhaps these utility methods are measuring some

other aspects of the quality of life that is not measured by the traditional

methods available and this is worthy of future research. Although it cannot be

concluded that implementation of TTO can replace a disease specific quality of

life instrument, the positive results of this study indicate that in health

economic evaluations, there is potential to use these tools for comparison with

other disease states. In our study values derived from WTP showedpoorco-

relation with the traditionally used quality of life measures.

Future research into the validity of utility methods in different groups of

patients with inflammatory bowel disease and in IBD clinical trials is

warranted.
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5 Paediatric IBD resource use anddirect cost of

illness

5.1 Introduction

The incidence of Inflammatory Bowel Disease has been increasing worldwide

over the last 30 — 40 years” with twenty five percent presenting in

childhood.”*°”*! Recent estimates in UK and Republic of Ireland have been

reported the incidence to be 5.2/100 000 in children below 16 years which is

equivalent to 700 new cases per year in UK and Northern Ireland.” Sixty

percent had Crohn’s disease and the remainder being ulcerative colitis (28%)

and indeterminate colitis (12%).

These conditions typically run a chronic, relapsing course and may require

extensive medical and surgical interventions. The potential economic impact

of these disorders is therefore significant.'7""!9° There have been a number of

macroeconomic studies examining both the theoretical’”®!” and “real-life”

136137 Costs associated with IBD in North America butthese studies are mainly

limited to the adult population. These have suggested that much ofthe overall

cost associated with IBD relates to in-patient managementof a relatively small

minority of severely affected individuals.’*'°'7"°*°’ Data specific for the

UK health care system is very limited and this too concentrates only on the

adult population.””°
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Certain features are unique to paediatric IBD as compared with adult onset

disease. One feature is growth failure, which is present at diagnosis in 10% to

40% of affected children.2” Less obvious, but nevertheless clinically

important, are the differences in clinical presentation that may bethe result of

different disease location in children compared with adults. In adult series UC

is predominantly confined to the rectum orleft side of the colon”””**?°?, but in

children the majority have pan-colitis.***>> Abdominal pain is the most

frequently seen symptom in children with IBD,whereas adults tend to

present most often with rectal bleeding (in UC) or diarrhoea (in CD). IBD has a

substantial affect on the quality of life of children and causes psychosocial

scarring.”»°”*’ There are some unique considerations even in the management

of the paediatric Crohn’s compared to adult Crohn’s patient.?*8 °°

The use ofinfliximab is being increasingly recognized as an efficacious agent

for use in patients with Crohn’s disease and has demonstrated restoration of

growth whenusedin children with severe disease. Although most studies are

retrospective studies dealing with the clinical response to the drug, they

indicate a promise for its use in childhood-onset cp.6°*8 Besides the well

established role in CD, a role is also being recognized in ulcerative

269;270colitis, post operative recurrence of disease””! and also in management of

extraintestinal manifestations.”

There is a growing acceptance of the need for more accurate information both

on the overall costs of different diseases and on the relative cost-effectiveness

of alternative medical interventions.'*’ Cost-of-illness studies seek to evaluate
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the economic burden of specific diseases and the factors influencing cost

variation. This informationis crucial for making more rational decisions about

the allocation of limited healthcare resources andfor the efficient structuring of

service delivery. In the light of recent therapeutic advances, which may

specifically impact on the need for hospitalisation and surgery for IBD,there is

a pressing need for accurate information on current cost-of-illness in the UK.

This information will provide essential data for theoretical modelling of

alternative managementstrategies and models of service delivery and will also

prove useful in commissioning discussionsrelating to the use of high cost non-

surgical interventions for selected patients.

The following study was done to estimate the resource use and direct cost of

illness in children with inflammatory bowel disease attending specialists at a

paediatric hospital. The aim of the study was to describe resource use,

investigate all direct costs incurred, to identify the dominant components of

costs and contrast the costs with the cost of illness in adults with inflammatory

boweldisease.

5.2 Methods

5.2.1 Setting and perspective

The setting for the present study was a 290-bedded University hospital situated

in the Northwest of England. The hospital cares for over 200,000 children and

young people each year. It spends around £ 114 million in providing
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secondary care for the local population andtertiary care services for the whole

of North West England, North Wales, Shropshire and Isle of Man.” Weused

the prevalence approachto costing illness, quantifying the economic burden of

inflammatory bowel disease over a one year time frame (January 2001 to

December 2001). Direct costs were estimated from the perspective of the UK

National Health Service (a single-payer provider organisation) and were

calculated for all products and services consumedby a cohort of inflammatory

boweldisease patients receiving care at our institution.
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5.2.2 Patient cohort

Any patient receiving care for IBD in our institution during the study time

frame was eligible for inclusion. Cases were identified retrospectively by

performing manual and/or computer searches of various hospital databases for

IBD specific terms (ulcerative colitis; Crohn’s disease; colitis; proctitis;

inflammatory bowel disease: orofacial granulomatosis). This involved

searching and cross-referencing a range of NHSdata sources (out-patientclinic

letters, hospital discharge coding systems, diagnostic reports from radiology,

histopathology and endoscopy departments; surgery records). Initial database

screening identified 139 patients with possible IBD. Hospital case records

were available for review in 130 of these subjects (93%). A firm diagnosis of

IBD (ulcerative colitis, Crohn’s disease or oro facial granulomatosis) was

confirmed in 123 patients, based on previously published diagnostic criteria.”®

Patients with a range of other diagnoses(e.g. infectious colitis) were excluded.

The final study population comprised a total of 122 cases of confirmed IBD

who attended the hospital for some form of care at least once during the time

frame of the study. This included 94 prevalent cases (ulcerative colitis, n=33;

Crohn’s disease, n=55; indeterminate colitis, n=6) in whom the diagnosis had

been established prior to the study start date, and 27 incident (new) cases

(ulcerative colitis, n=12; Crohn’s disease, n=15) in whom the diagnosis was

madeforthe first time at some point during the study period. 83 patients were

being provided tertiary level opinion (including 20 ‘incident’ cases). The

Chairman’s approval from the Liverpool Children’s Research Ethics

Committee was obtained prior to data collection.
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5.2.3 Clinical and demographic data

Details of demographic and diagnostic information were abstracted from the

case records. This included patient age, sex, type of IBD (ulcerative colitis,

Crohn’s disease or indeterminate colitis), disease extent and severity. For

Crohn’s disease, disease stage was designated as ileal, colonic, ileo-colonic,

other or “unknown”as per the Viennaclassification of anatomicallocalization.

27> For ulcerative colitis, disease extent was coded as either proctitis (distal to

rectosigmoid junction), left-sided colitis (distal to hepatic flexure), pancolitis or

“unknown”(if staging investigations were incomplete or equivocal). Cases of

indeterminate colitis were codedas either left-sided (anywheredistal to hepatic

flexure) or pancolitis.

A simplified disease severity scale was employed, as previously applied to

retrospective data for Crohn’s disease patients.’”® This scale defines disease

severity by the intensity of medical treatment, using seven discrete states (1-

Remission; 2-Mild disease; 3-Severe disease, drug-responsive; 4-Severe

disease, drug-dependant; 5-Severe disease, drug-refractory; 6-Surgery; and 7-

Post-surgical remission). For each patient, minimum and maximum disease

severity over the study time frame wasestimated.

5.2.4 Care resource use

Information relating to resource use over the course of the study period was

abstracted from the clinical records. Only IBD-related resource use was

included (“attributable” costs), which included care for extra-intestinal
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manifestations (eg. rheumatological services) but excluded episodes of

treatment for unrelated co-morbidity. Products and services were listed under

the following categories:

Out-patient services: The number and type of ambulatory visits, including

consultations with medical/surgical staff, dieticians and stomanurses.

In-patient services: The ward type (medical, surgical or intensive care) and

length ofstay.

Investigations: The number and type of blood tests, microbiologicaltests,

radiological and endoscopic procedures (including the number of biopsy

samples processed for histopathology).

Medication: New prescriptions and long term (maintenance) treatments for

IBD were noted and the total number of daily doses taken over the 6-month

time frame was estimated. This included all IBD-specific drugs (eg.

aminosalicylic acid derivatives, corticosteroids, topical (rectal) therapies and

other immunomodulators), antibiotics, symptomatic remedies (e.g. anti-

diarrhoeals and antispasmodics), analgesics and treatments for specific extra-

intestinal features. Reducing doses of steroids were calculated on the basis

of an average standard regimen unless deviation from the routine was clearly

documented in the case notes. No allowance for patient compliance was

made, such that maintenance therapies were assumed to continue without

interruption over the study period. For in-patients, drug use was taken

directly from the prescription chart.

Surgery: Details of the type of operation and the recorded duration (hours)

of each operation was obtained.
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5.2.5 Direct cost for secondary care products and services

For each patient, direct expenditure (per year) for individual products and

services was derived by multiplying units of resource use by their unit cost.

The sources used for deriving unit costs were the NHS national reference costs,

140 and costs derived from localPersonal Social Services Research Unit

sources. Values are expressed in 2000-2001 UK poundssterling (£). The cost

estimates include staff salaries and training, heating and lighting, pharmacy

services and miscellaneous costs (e.g. patient appliances, staff uniforms,

patients clothing, hardware and crockery, bedding and linen, printing and

stationary, cleaning and office equipment etc). The expenditure returns also

incorporate an overheads element to reflect the cost of capital and support

services in the provision of hospital services.

Item costs for laboratory tests (haematology, biochemistry and microbiology)

were based on departmental finance estimates that include the cost of

technicians, consumables, supervising physician and overheads. Medication

costs were based on Monthly Index of Medical Specialties. Surgical procedure

costs were derived from the product of operation time andstaff hourly rates 1D

plus consumables and overheads.

5.2.6 The costs of routine care versus active disease

management

It is recognised that a significant number of IBD patients attending secondary

care clinics have clinically quiescent disease and may require no significant

alteration in management during routinely scheduled follow upvisits. The cost-

149



effectiveness of routine follow-up has been questioned.'” We wanted to

quantify the costs associated with routine care and determine the incremental

costs associated with managing more active disease. Patients with quiescent

disease were defined as those who fulfilled the following criteria during the

course of the study period: (a) No change in disease severity grade; (b) No

requirement for immunosuppressants (corticosteroids or azathioprine); (c) No

change in drug therapy; and (d) No specialist investigations (except routine

blood tests and surveillance colonoscopy). These criteria were met by 17

patients with ulcerative (or indeterminate) colitis and 20 patients with Crohn's

Disease. One year costs for subjects with quiescent disease were compared

with that of patients experiencing a disease flare-up. We defined a disease

flare-up as a transition from mild disease (no treatment, 5-ASA maintenance

treatment alone, or topical treatment only) to a more severe disease state that

required either out-patient immunosuppressant therapy or hospitalisation.

Using this definition, a disease flare was experienced by 18 patients with

ulcerative (or indeterminate) colitis and 28 patients with Crohn’sdisease.

5.2.7 Data analysis and statistical methods

Costs are given to the nearest poundsterling. Despite the skewed nature of cost

data, it is desirable to report mean patient costs, as overall total costs can then

be calculated. For this reason, mean patient costs per year are reported with

95% confidence intervals estimated using non-parametric bootstrap sampling

\43 Two thousand samples were taken for each confidence interval and bias-

corrected and accelerated confidence intervals are presented, which correct for
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Table 5.4. The mean age (SD)ofthe children with Crohn’s disease [13.4 (2.75)

years] was higher than those with ulcerative colitis [12.2 (3) years] [p = 0.04].

5.3.12 Sex,

There were 70 males and 52 females in this cohort. The sex ratio (male:

female) for both Crohn’s disease and indeterminate colitis was 1.3 and was 0.8

for Ulcerative Colitis (p = 0.025; Mann — Whitneytest).

5.3.1.3 Age at diagnosis

This information was available for 118 (96%) children. The median age at

diagnosis was 11 years for IBD as a whole, and age ranges were as follows:

CD, 1.5 - 16 years; UC, 2 - 15 years; and IC, 4 - 16 years.

Overall there was no significant difference in the mean (SD) age of onset in

males [10.6 (3.4)| and females [10.4 (3.1)]. The mean age of onset of

inflammatory bowel disease, separated as disease type in the two sex groupis

shown in Figure 5.1. In our cohort, as shown in figure, the mean (SD) age of

Mens
aio i of Crohn’s disease was later for males [11.3 (3) years] than for femalesD

€
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Figure 5.1: Mean ageat diagnosis in the different disease types in the two sex groups

5.3.1.4 Life time duration of disease

The life time duration of disease was available for 118 (96%) of the children.

The mean length of disease duration for all patients was 2.5 years (SD: 1.7

years) with a median duration of 2 years (range 1 month to 7.9 years). For

children with ulcerative colitis the mean (SD) disease duration was 2.29 (1.6)

years with a median (range) of 2 (0.2 - 6.2) years. For children with Crohn’s

disease the mean (SD) disease duration was 2.3 (1.7) years with a median

(range) of 2(0.1 — 7.8) years. The children with intermediate colitis had been

followed up for a mean (SD)of 2.8 (2.7) years with a median (range) of follow

up for 2.2 (0.5 — 7.9).

difference in the mean life time duration of disease among the children of

ulcerative colitis or Crohn’s disease (2 tail T test, p value 0.9).
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5.3.1.5 Extent of disease

There was a heterogeneousdistribution of the disease which had been recorded

at time of diagnosis with small bowel radiography and / or endoscopic

examination. This is shown in Table 5.4.

Unlike in adults, the childhood onset ulcerative colitis is more extensive with a

majority of children having pancolitis at presentation. Such pattern of disease

distribution is in concordance with previously recorded disease distribution in

children both in the United Kingdom 7°*?”°?”’andin other studies.”°°?78?”

For children in this series with Crohn’s disease there was a preponderance of

colonic disease distribution. This pattern of disease extent is usually observed

in series with very young children. A possible explanation in our cohort could

be a referral bias as the institution is a majortertiary referral center and the

disease distribution is shown in Table 5.1. It may also simply reflect the more

subtle nature and relative inaccessibility of early smali intestinal inflammation.

Table 5.1: Disease distribution in Crohn’s disease in the secondaryandtertiary patients
 

 

 

 

 

 

Extent Tertiary Secondary

Ileal 8 2

Tleo- caecal 11 4

Colonic 21 14

Others * 7 2

Not known 1      



5.3.1.6 Extraintestinal complications

Twelve patients had some recorded extraintestinal features. This included six

patients each with ulcerative colitis and Crohn’s disease as summarized in

Table 5.4.

5.3.1.7 Growth failure

Height and weight measurements were converted to ‘z-scores’ as a descriptor

of nutritional status of the children with inflammatory bowel disease. Z scores

are standardized scores for age and sex and are expressed in multiples of the

standard deviation and are derived as follows:

observed weight - median weight

weight-for-height z-score =

standard deviation

where both the median weight and the standard deviation are those taken from

the normalised growth curves derived from the WHOreference values for the

given height.

Z scores had been recorded for 83 children in the cohort. Children with

Crohn’s disease had significantly lower mean (SD) z scores [-0.96 (1.1)]

compared toulcerativecolitis [-0.02 (1)], suggesting that Crohn’s disease has a

greater effect on growth than ulcerative colitis (p value — 0.001; t test

independentvariable).
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5.3.1.8 Disease severity

The highest recorded clinically defined disease severity staging during the

study period was recorded in all patients and has been summarised in Table

5.4. Over the study period there was a transition in disease severity in 53

(43%) of the children. For each disease subtype the changes were seen in 27

(38%), 22 (48%) and 4 (57%) children in Crohn’s disease, ulcerative colitis

and indeterminate colitis respectively.

5.3.1.9 Previous hospitalisation

Seven children had previous recorded surgical episodes and included six

children with Crohn’s disease and one with ulcerative colitis. Five of these

children had episodesof insertion of gastrostomy feeding tubes. Two children

with Crohn’s disease had previoustotal colectomies with ileostomy formation.

One child with ulcerative colitis had undergone subtotal colectomy with rectal

stump formation.

5.3.1.10 Tertiary care referrals

This institution is the tertiary referral center for North West of England and

North Wales. It also provides the secondary care opinion for the local

population. The demographicdetails of the two groups are shown in Table 5.2.

The tertiary care group was forming the majority but generally there waslittle

statistical difference in the demographic constitution between the two groups.

The table also showsthe different clinical staging in the two groups.
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Table 5.2: Demographic details of the secondary andtertiary care group

 

 

 

 

 

 

 

 

 

 

    

Secondary Tertiary P values*
Number jo? 83

Sex 23:16 47:36 0.8*

CD/UCAC 22/13/4 48/32/3 0.3*

Age [Mean (SD)] 12.5(3.3) 13.1(3.04) 0.3!

Ageat diagnosis [Mean(SD)] 10.5(3.5) 10.7(3.2) 0.8"

Duration of disease [Mean(SD)] _2.19(1.65) 2.4(1.7) 0.5!

Z Scores [Mean (SD)] -0.63 (0.99) -0.59 (1.23) 0.8"

Incident / prevalent cases 8/31 2/63 0.6*

Disease Stage
Remission 2 5
Post op remission 0 1
Mild disease 3 8

Severe, drug responsive 9 20

Severe, drug dependent 22 35
Severe, drug refractory 1 10

Surgery 2 4
 

* Pearson Chi-Squaret test

* Mann Whitney test

5.3.1.11 Incident and prevalent cases

 

Incident cases were defined as those cases which were identified during the

study period of 12 months. There were a total of 28 new cases identified

during this period. These were either new cases identified in the local

population or those referred for tertiary care opinion. The demographic details

are shown in Table 5.3. There was little difference in the general demographic

details between the incident and prevalent cases except the obvious difference

of the duration of the disease and the age as these were new cases.
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Table 5.3: Demographic details for new (incident) and prevalentcases.

 

Incident cases Prevalent Cases
 

 

 

 

 

 

 

 

 

 

Number 28 94

Sex 16:12 54:40 0.97*
CD/UC/AIC 15/12/1 55/33/6 0.69*
Age [Mean (SD)] 12.3(2.4) 13.1(3.2) 0.157
Age at diagnosis [Mean(SD)] 11.8(2.4) 10.3(3.5) 0.04"
Duration of disease [Mean(SD)] 0.5(0.3) 2.9(1.5) 0.00°

Z Scores [Mean (SD)] -0.67 (1.3) -0.57(1.1) 0.65"
Secondary/Tertiary referral 8/20 21/63 0.61*

Disease Stage
Remission 1 6
Post op remission 0 1

Mild disease 2 9

Severe, drug responsive 15 14
Severe, drug dependent 10 47
Severe, drug refractory 0 11

Surgery 0 6   
 

* Pearson Chi-Squaret test; Mann Whitney U
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5.3.1.12 Summary

The summary of the demographic details is shown in Table 5.4

Table 5.4: Summary of demographic details

 

 

 

 

Parameter Ulcerativecolitis Crohn’s disease Indeterminate

colitis

Numberofpatients
Prevalent cases 33 55 6

Incident cases 12 15 1

Age, mean (SD) 12 (3) 13(3) 12.5 (4)

Gender, Male n(%) 20 (44) 46 (65) 4 (57)
 

Extent of disease, N (%) Proctitis: 3 (6)

Left-sided: 9(20)

Ileal: 10 (15)

Colonic: 15 (23)

Left-sided: 3(42)
Pancolitis: 1 (14)

 

 

 

     

Pancolitis: 32 (71) Ileocolonic: 35 (53) Unknown:2 (28)

Unknown:1 (2) Other*: 9 (13)

Extraintestinal
Complications, N (“%)

e PSC

e Iritis / Uveitis 1 (2)
e Sacroilitis / 3 (4)

AS/Arthritis 2 (4)

e Pyoderma/EN 3 (6) 3(4)

Previous surgery, N (%) 1 (2) 2 (3)

Hospitalised, N (“%)
- Without surgery 9 (18) 29 (41) 1 (14)

- With surgery 3 (6) 4 (5)

Highestdisease severity,

N

e Remission 1 5 1

e Mild 5 3 3

e Severe 36 54 3
. 3 3 0Surgery " i 7

e Post-Sx remission
 

*including Oro-facial granulomatosis; (1) — Silverstein clinical disease state’®

PSC — Primary Sclerosing Cholangitis; AS — Ankylosing Spondylitis
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5.3.2 Resource use

The resource used by this cohort will be described in the following section.

5.3.2.1 Outpatientvisits:

5.3.2.1.1 Visits to a paediatric gastroenterologist

A total of 337 visits to the gastroenterologist were recorded by the 122 patients

with a mean (SD) of 2.76 (1.6) visits and ranged between 0 and 9 with a

median of 2. For each disease subtype the numberofvisits is shown in Table

5.5. In this cohort there was nostatistical difference in the mean visits by

children with ulcerative colitis compared to those with Crohn’s disease (p =

0.266; Mann-Whitney test).

Table 5.5: Outpatient visits to gastroenterologists

 

 

 

 

    

Ulcerative Crohn’s Indeterminate

Colitis Disease Colitis

Total Visits 118 202 17

Mean Visits (SD) 2.6 (1.5) 2.9(1.7) 2.4(1.3)

Range 1-7 0-9 1-4

Median Visits 2 3 z  
 

The factors influencing the numberofoutpatient visits were analysed in more

detail. On univariate analysis the number of visits was significantly more in

patients who had a flare needing new immunosuppressants over the study

period. On multiple linear regression modeling (enter method), disease flare

was a significant predictor (p > 0.001) for increased number of outpatient
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visits, independentof other variables like age, sex, disease type, disease extent,

disease duration andtertiary referral (Table 5.6).

Table 5.6: Significant factor Factors influencing number of outpatientvisits

 

 

 

 

       

UCoef SCoef t Sig. 95% CI for B
B Std. Beta Lower Upper

Error Bound Bound

(Constant) 2.197 .824 2.666 .009 564 3.830

Acute flare over 1.564 311 -470 5.026 000 .947 2.181

study period   
 

a Dependent Variable: Outpatient Visits; Independent variables examined
included — age, sex, disease type, disease extent, tertiary referral, acute flare;

SCoef - Standardized Coefficients; UCoef— Unstandardized coefficients

Among the 122 patients in the study, nearly half of them had 2 orless

outpatient visits in the 12 months of the study period. The numberofvisits has

been shown in Figure 5.2. Onepatient of active Crohn’s disease had as many

as 9 visits. Of these, 28 were new visit slots while the rest were revisit or

follow upslots.
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Figure 5.2: Numberof outpatientvisits in each disease category over 12 months
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5.3.2.1.2 Visit to other outpatient clinics

Children attended various other clinics due to related or unrelated conditions.

Twelve were seen in relation to their underlying inflammatory boweldisease in

the surgical or joint surgical-gastroenterology clinics. Those seen in the other

specialty clinics for management of their extraintestinal manifestations

included dermatology (6), Rheumatology (2), Ophthalmology (3), Oral

Medicine (1) and Orthopedics (3). One child was reviewed in the feeding

clinic which is a multidisciplinary clinic and includes a_ neurologist,

gastroenterologist, dietician and speech and language therapist. Three children

had a total of four attendances in the dietician clinic over the twelve months.

Onechild each was also reviewed in the cardiology, ENT and nurse led laser

clinic over the study period for unrelated problems.

In addition, some children who had been were being providedtertiary care had

appointments at their secondary care facilities. This information could not be

reliably collected on review ofcase notes.
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5.3.2.2 Outpatient investigations

The investigations initiated in the outpatient department could be categorized

as laboratory investigations and radiological investigations.

5.3.2.2.1 Laboratory Investigations

Amongthe 122 patients in the study, 52 (42%) had some form of laboratory

investigation (haematology or biochemistry) over the study period initiated at

an outpatient visit. These included 32 (45%) patients of Crohn’s disease and

18 (45%) patients of ulcerative colitis. The various tests done are shown in

Table 5.7.

Table 5.7: Laboratory investigations over study period in UC and CD

 

 

 

 

 

 

 

 

 

 

         

Blood Test All Patients Ulcerative Colitis Crohn’s Disease p*
Mean Median Mean Median Mean Median

(SD) (Range) |_(SD)_| (Range) (SD) (Range)
FBC 0.7 (1.2) 0 (0-10) 0.5(0.7) 0(0-3) 0.8 (1.4) 0 (0-10) 0.2
CRP 0.5 (0.7) 0(0-3) 0.4(0.7) 0(0-3) 0.6(0.8) 0(0-3) 0.3
ESR 0.4 (0.7) 0(0-3) 0.4(0.6) 0(0-3) 0.5 (0.8) 0(0-3) 0.5
LFT 0.5 (0.7) 0(0-3) 0.4(0.7) 0(0-3) 0.6(0.7) 0(0-3) 0.4
Renal 0.4 (0.6) 0(0-3) 0.30.6) 0(0-3) 0.4(0.6) 0(0-3) 0.5
B12 / Folate 0.01(0.1) 0 (0-1) 0 0 0.01(0.1) 0 (0-1) 0.4
Ferritin 0.06(0.2) 0(O-1) 0.05(0.2) 00-3) 0.06(0.2) 0(0-1) 0.8
Amylase 0.12(0.3) 0O(O-1) 0.08(0.3) 0(0-3) 0.10.3) 00-1) 0.3
Ciclosporine 0.01(0.1) 0 (0-1) 0 0 0.02(0.1) 0 (0-1) 0.7
Levels
 

* ‘py value’ Independent Sample T test (UC Vs CD)
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5.3.2.2.2 Investigations

There were a total of twenty radiological investigations done in 17 patients

with 3 patients having more than one investigation. This included 10 patients

with Crohn’s disease, 6 patients with ulcerative colitis and 1 patient with

indeterminate colitis. The commonest test was small bowel follow through

examination (n = 15) and was accounted for 75% of all radiological

investigations. The radiological investigations undertaken in the entire cohort

are shown in Table 5.8.

Table 5.8: Radiological investigations

 

 

 

 

 

 

           

Ulcerative Colitis Crohn’s Disease All Patients

n Mean Median Mean Median Mean Median

(SD) (range) n (SD) (range) n (SD) (range)

Barium 1 0.02 0 1 0.01 0 2 02 0
Enema (0.1) (0-1) (0.1) (0-1) (0.1) (0-1)

Small 4 0.1 0 10 0.14 0 15* 0.12 0
Bowel FT (0.3) (0-1) (0.4) (0-2) (0.4) (0-2)

USS 1 0.02 0 0 0 0 1 0.01 0
(0.1) (0-1) (0.1) (0-1)

CT Abd 0 0 0 1 0.01 0 1 0.01 0
(0.1) (0-1) (0.1) (0-1)

WBCScan 0 0 0 1 0.01 0 1 0.01 0
(0.1) (0-1) (0.1) (0-1)
 

* Included 1 patient of indeterminate colitis

5.3.2.3. Medicationsas outpatients

Fourteen children were on no medication or dietary therapy and included eight

children with CD (11%), four with ulcerative colitis (8%) and two with

indeterminate colitis (28%). A large proportion (73%) was taking steroids
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and/or immunomodulatory drugs. In this section the details of various drugs

used will be described.

5.3.2.3.1 Aminosalicylates

5-Aminosalicylates were being used by 73 (59%) children which included 35

with CD, 34 with UC and 4 children with IC. Pentasa ® was the commonest 5

ASAto be used in all disease categories. The use of the various 5 ASAsare

shown in Table 5.9.

Table 5.9: Aminosalicylate use in various disease categories

 

 

 

 

 

 

Crohn’s_ Ulcerative Indeterminate Totals

Disease Colitis Colitis

Mesalazine — Asacol ® 3 8 11

Mesalazine — Pentasa® 26 20 4 50

Balsalazide Sodium® 3 3

Olsalazine Sodium ® 1 1

Sulfasalazine 6 2 6      
 

5.3.2.3.2 Topical therapies

There were fourteen children, all with history of colitis, who also used topical

therapy which included Predfoam ® enema(4), Predsol ® suppositories(8),

Asacol ® enemas (2) and Pentasa ® enemas (2).

5.3.2.3.3 Immunosuppressants

Some form of immunosuppressant (including oral steroids) was used by 91

(73%) of the children during the study period and included 56 children with

Crohn’s disease, 33 children with ulcerative colitis and 2 with indeterminate
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colitis. Azathioprine was the commonest immunosuppressant used with 75

children using the drug. In 60 children the immunosuppressant had been

introduced in the study period either to control a new flare of the disease or as

steroid sparing agents for steroid refractory disease. The uses of the various

immunosuppressants are shown in Table 5.10.

Table 5.10: Use of immunosuppressants (all patients)

 

 

 

 

 

   

Crohn’s Ulcerative Indeterminate Totals
Disease Colitis Colitis

Prednisolone 17 19 1 37

Budesonide 1 1 2

Azathioprine 51 23 1 75
Thalidomide 2 2

Ciclosporine 2 2     
5.3.2.3.4 Other Medications

1. Nutritional Therapy

Supplementary nutrition therapy with Osmolite ® was used in 13 children with

Crohn’s disease, 6 children with ulcerative colitis and 2 children with

indeterminate colitis. Modulen IBD ® was the feed of choice in 2 children

with Crohn’s disease.

2. Antibiotics

Antibiotics were used in 20 children during the course of the study period with

Metronidazole and Ciprofloxacin being the commonestantibiotics used. These

included sixteen children with Crohn’s disease and four with ulcerative or

indeterminatecolitis.
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5.3.2.3.5 Summary

The summary of the medical therapy is shown in Table 5.11.

Table 5.11: Medical therapy used (Outpatient)

 

 

 

 

 

 

      

Crohn’s Ulcerative Indeterminate Totals

Disease Colitis Colitis

(n = 70) (n= 45) (n=7) (n = 122)
No Medications 8 (11%) 6 (13%) 14

Aminosalicylates 35 (50%) 34(75%) 4 73

Topical therapy 6 (8%) 6 (13%) 1 13
Immunosuppressants 56 (80%) 28 (62%) 6 90

(including steroids)

Nutritional therapy 14(20%) 4 (8%) 2 20

Antibiotics 4 (5%) 16 (8%) 20  
 

In this cohort, a large proportion of children were on some immunosuppressant

therapy. Thispartially reflects the fact that this is a tertiary referral center with

more difficult cases being referred on to here. Overall, more patients with

Crohn’s disease were taking immunosuppressants and nutritional therapy

compared to those with ulcerative colitis. Topical therapy was used

infrequently and only a few children were on no long term medications.

5.3.2.4 Day case procedures

There were a total of 41 day case episodes in 37 patients whose mean age was

12.9 years. Most of these included day case endoscopic procedures and

accounted for 70 endoscopic procedures, one liver biopsy and one excision of

perianal lesion. Thirty four children had one day case episode but in a majority

of them (31) they had a combined upper and lower GI endoscopy. Two

children had 2 episodes and 1 child had 3 episodes needing endoscopies. Most
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of the children (26 ofthe 37) were tertiary referrals. All endoscopic procedures

were done under general anaesthesia and the mean time from induction of

anesthesia to transfer of the patient to recovery was 58 minutes. Most the

endoscopic procedures were to confirm diagnosis or for assessment of disease

severity. One upper GI endoscopy was for insertion of feeding gastrostomy. A

total of 316 biopsies were taken with a mean of8 biopsies for each procedure.

For 22 children the disease had been diagnosed in the study period with the

median time to diagnosis from onset of symptoms being six months. The

endoscopiesin each disease type is shown in Table 5.12

Table 5.12: Day case endoscopic procedures

 

 

 

       

Crohn’s Ulcerative Indeterminate Totals

Disease Colitis Colitis

Sigmoidoscopy| 17 5 5
Gastroscopy 16 16 Z 34
Colonoscopy 16 13 2 31
 

5.3.2.5 Hospital Admissions

Overthe observation period 42 children needed admission for either medical or

surgical management of the disease accounting for a total of 400 bed days.

This group represents the patients for whom ambulatory outpatient

management has not been sufficient to manage disease. This included 31

children with Crohn’s disease, 10 with ulcerative colitis and 1 with

indeterminate colitis. The demographics of the children with ulcerative colitis

and Crohn’s disease needing hospital admission is shown in Table 5.13. Most

patients who were admitted with ulcerative colitis had pancolitis (n = 9) and
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the majority of the children with Crohn’s disease had colonic (n = 15)or ileo-

colonic disease (n =11).

Table 5.13: Demographics of children needing hospital admission
 

 

 

 

 

 

 

 

    

Crohn’s Ulcerative

Disease Colitis

(n= 31) (n= 10)

Sex (M:F) 17/14 10/0
Mean Age (SD) 13 (2) 13 (2)
Mean OP appointments 3.23 (1.6) 4 (1.8)
Mean(SD) admissions for medical management 1.5 (0.7) 1.1 (0.56)

Mean (SD) admissions for surgical management 0.13 (0.34) 0.4 (0.7)

Mean (SD)‘z scores’ -1.03 (1) 0.5 (0.4)

Disease duration, mean (SD) 1.7 (1.6) yrs 1.7 (0.9) yrs

Ageat diagnosis, mean (SD) 11 (3) yrs 12 (1.75) yrs
 

 
The hospital admissions have been described separately for admissions for

surgical intervention and for medical management.

5.3.2.5.1 Admissionfor medical management

A total of 39 (32%) children needed to be admitted for at least one episode

during the length of the observation period. Sixteen children had more than

one episode of admission with 12 being admitted twice and 4 being admitted

thrice. The range for the length of admission was from 1 day to 23 days with a

The details of admission in each diseasemean (SD)length being 7.25 (4.4).

type are shown Table 5.14.
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Table 5.14: Hospitalisation for medical management

 

 

 

 

 

  

Crohn’s_ Ulcerative

Disease Colitis

Numberneeding admission 29 10
Total episodes 47 12
Mean length of stay (SD) 8 (4.7) 5.3 (3.1)*

Range 1—23 1-11
Median length of stay 7 5.5    
* Studentt test (2 tail; unequal variance) p = 0.04

A greater proportion of the children with Crohn’s disease needed hospital

management comparedto the ulcerative colitis. For each admission the mean

length of admission was longer for Crohn’s disease than for ulcerative colitis (p

= 0.04). The primary reason for admission was recorded for each disease type

and is shown in Table 5.15.

Table 5.15: Admission details for children with Crohn’s disease

 

 

 

 

 

 

 

 

 

 

     

Reason for admission Number of Length of admission Length ofadmission
admissions (range) Mean (SD)

Crohn’s Disease

Disease Exacerbation 23 1-23 5.4 (4.5)

Complication of IBD 3 3-5 4 (1)
Investigations 12 1-13 05.3 (4)

Non IBD related 1 2
Others* 6 el -—5 3.5 (1.3)

Ulcerative Colitis

Disease exacerbation 9 1-10 4.7 (3)

Complication of IBD 2 6-11 8.5 (3)

Investigations 1 4
 

* This included admissionsto establish enteral feeding

For both the disease types the most common cause of admission was for the

managementof exacerbation of the inflammatory bowel disease with a mean

duration of admission being 5.4 days for Crohn’s disease and 4.7 days in
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ulcerative colitis. The complications of IBD included post operative

complications and admission to manage a high output stoma. Five children

with Crohn’s disease were admitted to establish enteral nutrition. One child

with Crohn’s disease was admitted with non IBD related problem for

managementofconstipation.

Thefactors likely to influence the need for hospital admission were analysed in

more details. On univariate analysis the disease type (p = 0.006) and acute

flare during the study period (0.001) were significant predictors for hospital

admission. This was confirmed to be significant independent predictor for

hospital admission on multiple regression modeling (enter method) where its

relationship with other independent variables (disease type, sex, age, disease

extent, disease duration, incident case, tertiary referrals) was analysed (Table

5.16).

Table 5.16: Significant factor influencing hospital admission

 

 

 

 

       

UCoef SCoef t Sig.
B Std. Error Beta

(Constant) 448 381 1.175 .243

Acute flare over study 294 .099 303 2.975 .004

period
 

a Dependent Variable: Outpatient Visits; Independent variables examined
included — age, sex, disease type, disease extent, tertiary referral, acute flare;

SCoef - Standardized Coefficients; UCoef— Unstandardized coefficients

5.3.2.5.2 Admissionfor surgery

There were a total of 9 surgical episodes in 8 children of this cohort over the

observation period. One child underwent two procedures in the same hospital

171



admission. Another child underwent two operations at different times. Eight

of the operations were planned surgical intervention while two were

undertaken as an emergency. The surgeries included protocolectomy with

ileostomy, drainage of perianal abcess, right hemicolectomy, change of

gastrostomy (2), pancolectomy with ileo-anal pouch, reversal of ileostomy and

construction of ileo-anal pouch, adhesionolysis, radical excision of pyoderma

gangrenosum and one non IBD related ENT surgery. The range of length of

stay was 3 to 42 daysand the range ofthe duration of operation was 42 minutes

to 262 minutes. Also surgical episodes were done under general anesthesia.

Twopatients needed immediate post operative stay in the intensive care unit.

5.3.2.5.3 Resource use when admitted

In the following section the resources used while admitted are documented.

The laboratory investigations are shown in Table 5.17. There was nostatistical

difference in the number of investigations between patients admitted with

ulcerative colitis or Crohn’s disease.
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Table 5.17: Laboratory Investigations during hospital admission

 

 

 

 

 

 

 

 

 

      

eBlood All Patients Ulcerative Crohn’s ‘p’
Test colitis Disease value*

Mean (SD) Mean (SD) Mean (SD)

FBC 0.6 (1 .4) 0.5 (1.8) 0.76 (1.2) 0.4

CRP 0.6 (1.5) 0.5(1.9) 0.81(1.3) 0.4

ESR 0.6 (1.4) 0.5(1.8) 0.69(1.1) 05

LFT 0.6 (1.25) 0.4(1.2) 0.83(1.3) 0.7

Renal 0.7 (1.7) 0.6(2.3) 0.84 (1.4) 0.5

Bone 0.5(1.4) 0.4 (1.6) 0.66(1.3) 0.5

B12 / Folate 0.2 (.1) 0(0) 0.3 (.168) 0.1

Ferritin 0.6 (0.2) 0.07(0.2) 0.6(0.2) 0.8
 

* Independent Sample T test (UC Vs CD)

The radiological and endoscopic investigations done during hospital admission

are shown in Table 5.18. All endoscopic investigations were done under

general anesthesia.

Table 5.18: Radiological and endoscopic investigations during hospital admission

 

 

 

 

 

 

 

 

 

        

Ulcerative Crohn’s Disease All Patients

Colitis

Number Mean Number Mean Number Mean

n (SD) n (SD) n (SD)

Barium Enema 1 0.02 1 0.01 2 02
(0.1) (0.1) (0.1)

Small Bowel 1 0.02 10 0.14 11 0.9

FT (0.1) (0.5) (0.4)

USS 1 00.2 7 0.1 8 0.07
(0.1) (0.3) (0.3)

CT Scan 1 0.02 2 0.3 3 0.02
(0.1) (0,2) (0.1)

WBCScan 0 0 1 0.01 1 0.01
(0.1) (0.09)

Gastroscopy 4 0.09 15 0.2 19 0.16
(0.3) (0.4) (0.4)

Sigmoidoscopy 1 0.02 0 0 1 0.1
(0.1) (0.1)

Colonoscopy 4 0.09 15 0.2 19 0.16
(0.3) (0.4) (0.4)
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5.3.3 Cost ofillness

In this section the cost of inflammatory boweldisease in this cohort of children

will be described.

5.3.3.1 Overall cost

The total cost-of-care for the entire IBD cohort over the study period was

£382,331 (Crohn’s disease: £237,772; ulcerative or indeterminate colitis:

£144,609). Total cost for patients receiving only ambulatory care was

£123,060 (Crohn’s disease: £52,181; ulcerative or indeterminate colitis:

£70,879), whereas the one year costs for patients in the hospitalised group was

£259,271 (Crohn’s disease: £185,540; ulcerative or indeterminate colitis:

£73,730).

The relative contribution of each cost item or service category to total

expenditure is summarized in Figure 5.3. Data are shown forall patients and

separately for ambulatory and hospitalised groups. Overall, hospitalisation

costs (in-patient services plus surgery) accounted for nearly half the total costs

for each form of IBD. Drug costs accounted for less than a quarter oftotal

costs. Enteral nutrition was the most significant contributor to drug costs,

accounting for around half of the drugs bill in patients with Crohn’sdisease.

None of the patients with Crohn’s disease received anti-TNF-alpha therapy

during the study time frame. High costs were incurred for endoscopic

procedures (19% for UC and 14% for CD)as this is usually done as day case

and needsgeneral anaesthetic.
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Figure 5.3: Contribution of different items and services to one year direct costs-of-care

for inflammatory boweldisease patients (as % oftotals)
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Figure 5.4 provides a frequencydistribution for individual patient costs (those

with a follow up for 12 monthsi.e. prevalent cases) and shows a highly skewed

profile. The top (most costly) 10% of patients accounted for 45% of total costs

for UC and 54% oftotal costs for CD. One year direct costs ranged from £133

to £28,296 for an individual patient.

Figure 5.4: Frequency distribution of cost per year
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5.3.3.2 Mean costs and variation with disease type, severity and extent

Mean costs and (non-parametric bootstrap bias-corrected and accelerated) 95%

confidence intervals were calculated for patients who had complete follow up

over the study period(i.e. “prevalent” cases only). The mean (95% CI) one

year cost-per-patient was £2868 (£2072 ,£3998) for Crohn’s disease and £2727

(£1617,£5629) for ulcerative (or indeterminate) colitis. The corresponding

yearly costs for the ambulatory group alone was £1040 (£798, £1377) and £994

(£813, £1305), respectively. For the hospitalised group, mean yearly costs

were £6119 (£4592, £8401) for Crohn’s disease and £7406 (£3262, £15931)

for ulcerative (or indeterminate) colitis.

As expected, for both diseases there was an incremental increase in costs with

worsening disease severity grade (Figure 5.5). The mean (95% CI)ofthe costs

according to disease extent is shown in Figure 5.6.
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Figure 5.5: Meancost per year (95% non parametric boot strap bias-corrected and

accelerated Cl) in different disease stages
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Generalised linear modelling with a gammadistribution and log link was used

to assess the importance of age, sex, diagnosis (Crohn’s disease or ulcerative

(including indeterminate) colitis), hospitalisation and disease extent and

severity in predicting overall costs of those with complete one year follow up

(Table 5.19 ). Age, sex and disease extent were not found to be significant

predictors of total costs, once hospitalisation, diagnosis and disease severity

were accounted for. Total one year costs were estimated to be on average 2.78

(95% CI (1.89,4.07)) greater for hospitalised compared to ambulatory patients.

The proportion of variation in the data explained by this model is

approximately 72% (Efron’s pseudo-R? me and inspection of residuals and the

scaled deviance of the model indicated good model fit (scaled deviance=75.07,

¢(79) > p=0.604).

Table 5.19: Gamma model with log link

 

 

 

 

 

 

 

   

Variable Coefficient Relative increase p value
(SE) (95% CI) in costs

associated with
variable (baseline = 1)

Hospitalisation 1.02 (0.20) 2.78 (1.89, 4.07) <0.0001

Disease severity { <0.0001

e MildDisease 0.31 (0.35) 1.36 (0.69, 2.70)

e Severe Disease, Drug 1.12 (0.33) 3.06 (1.61, 5.82)

Responsive

e Severe Disease, Drug 0.99 (0.29) 2.68 (1.51, 4.76)

Dependent

e Severe Disease, Drug 1.70 (0.38) 5.50 (2.62, 11.56)

Refractory
e Surgery 2.54 (0.43) 12.7 (5.49, 29.45)

Constant 6.03 (0.27) <0.0001   
 

Efron’s pseudo-R* = 72% ; Scaled deviance = 75.07, X(19) , p=0.604;

+ Increase when UC or IC compared to CD(i.e. baseline category: CD)

t Baseline category: Remission
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New,or “incident”, cases were excluded from the analysis of mean costs owing

to their incomplete period of follow (less than one year). The mean duration of

observation for these cases was 5.9 months. However, mean (95% CI) costs

for incident cases of Crohn’s disease and ulcerative (or indeterminate) were

£4,540 (3565, 6059) and £1931 (1556, 2643) respectively. These figures are

greater than the mean costs for prevalent cases,illustrating the relatively high

costs of initial assessment and investigation ofnewly diagnosed cases of IBD.

5.3.3.3 The costs of routine care versus active disease management

In the case of ulcerative colitis, mean (and non-parametric bootstrap bias-

corrected and accelerated 95% CI) one year cost of care for quiescent patients

was £880 (658,1254) compared to £1,287 (948, 2123) for ambulatory patients

suffering disease exacerbation and £8,861 (3723,18970) for those who were

hospitalised during the study time frame. Corresponding figures for CD were

£1,139(666,2345) for quiescent patients, £1,714(1245,2267) for ambulatory

patients suffering disease exacerbation and £6,536(4779, 9056) for those who

were hospitalised. Hence, disease flare-up was associated with a small

increase in annual costs for patients successfully managed as an out-patient but

a morethan five fold increase in costs in the event of hospitalisation.
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5.3.3.4 Costofreferral care services

The mean (SD) costs of illness in the ‘prevalent’ group of children referred

from adjacent hospitals (tertiary care) was not significantly different to those

who attended for true secondary care services [£2,532(£3,824) vs

£3,367(£5150); p = 0.428 — Independentt test]. On linear regression analysis

(enter method), tertiary referral was not found to be a significant predictor of

costs once other independent factors like age, sex, disease duration, disease

extent and disease stage was accountedfor.
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5.3.3.5 Summary

The mean cost per patient per year in different categories in children with

prevalent disease with full follow up in the entire study period is summarised

in Table 5.20. Seven patients in the prevalent group had less than 12 months

follow up (either moved to different region or moved into the catchment area)

and the mean cost (SD) for those patients was £2296 (701, 5183) for CD (n =

5) and 232 (133, 331) for UC (n = 2). The mean cost (SD) per patient for

incident cases(i.e. diagnosed during the study period) was £ 4540 (3565, 6059)

for Crohn’s disease (n = 15) and £ 1931 (1556, 2643) for ulcerative colitis (n =

13). These children had been followed up for a mean duration of 5.9 months.

Table 5.20: Meancost per year per patient in the prevalent group (95% non parametric

bootstrap bias corrected and accelerated CI)
 

 

 

 

 

 

    

Ulcerative Colitis Crohn’s Disease

(including indeterminate

colitis)

Prevalence cases n=37 n=50
£2727 (1617, 5629) £2868 (2072, 3998)

Ambulatory n=27 n= 32
£994 (813, 1305) £1040 (798, 1377)

Hospitalised (any IBD n=10 n=18
related cause) £7406 (3262, 15931) £6119 (4592, 8401)

Quiescent n=17 n= 20
£880 (658, 1254) £1139 (666, 2345)

Flare (ambulatory n=10 n=13
management) £1287 (948, 2123) £1714 (1245, 2267)

Flare (needing n=8 n=15
hospitalisation) £8861 (3723, 18970) £6536 (4779, 9056)
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5.4 Discussion

In this retrospective study we examined the resource use andthe direct costs of

IBD care in a paediatric population attendinga tertiary referral hospital over a

period of one year. To our knowledgethis is the first study to produce an

overview of the secondary level costs associated with IBD in the paediatric

populationasall previous studies have been limited to the adult population.

The characteristics of our patient population resembled the known

epidemiological features of inflammatory bowel disease and the pattern of

resource use was similar to the previous studies in the UK including the rates

of outpatients review, number of investigations and hospitalisation

rates794:276:277

Onepossible bias in this study is its setting as the hospital also provides tertiary

level services. One might therefore expect that some patients with refractory

or aggressive disease likely to form a part of the patient cohort and the costs

may not be generalisable. However, on multivariate analysis, tertiary care

services were not statistically significant determinantofthe costs. It is likely

that due the lack of the local expertise and diagnostic facilities in the adjacent

hospitals, patients with any level of inflammatory bowel disease are in the

shared care with the secondary andtertiary care provider.
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The cost distribution was similar to the cost of adult inflammatory bowel

disease in many respects. Hospitalisation was the majorcost driver for the IBD

treatment. Children with quiescent disease generally incurred lower treatment

costs than patients with an acute flare up of the disease during the study period.

Amongthis group of children with acute flare of the disease, the costs were

lower if they could be managed on an ambulatory basis rather than those who

required hospitalisation.

The proportional cost of different medications is different in adults and

children. This is in part because of the difference in management in the two

groups. In children with Crohn’s disease, enteral nutrition (both polymeric

feeds and elementaldiet) is preferred because of the lack of side effects and the

beneficial growth effects in children. Enteral therapy accounts for nearly two

thirds of the total cost of medications in Crohn’s disease and is

disproportionately higher than its use in the adult population.

In ulcerative colitis, the children are less likely to receive rectal therapy

because colitis is rarely confined to rectum or left colon in children. The

proportion of costs of topical therapy was considerably less in children

comparedto the adult IBD population and formed only 4% of the drug costs in

ulcerative colitis.

It is generally accepted that, unlike in adult practice, the initial investigation of

a child with suspected inflammatory bowel disease should consist of

colonoscopy (including terminalileal intubation) with multiple biopsies, and
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21:28 Endoscopy in children isupper GI endoscopy with multiple biopsies.

best carried out under general anaesthesia rather than conscious sedation for

safety and ethical reasons. 281282 This has obvious cost implications and day

case endoscopy accounted for nearly quarter of the all costs of the outpatient

care of the patients with it forming 16% of the cost in patients with Crohn’s

disease and onethird the cost in patients with ulcerative colitis.

Avoidance of hospitalisation and surgeries will most likely require the

introduction of more effective medical therapies. Greater success at achieving

and maintaining remissions would be expected to decrease hospitalization rates

significantly and likely to reduce surgical interventions as well.

There are a numberoflimitations of the study. The size of the cohort is small.

However,this is offset by the advantage over population based studies by the

availability of all direct medical charges and availability of complete medical

records allowing for a level of detail of resource use not possible in large

population based studies. The data have been collected retrospectively from a

single centre. However, the resource use and management strategies were

similar to those reported from larger multicentre studies in Great Britain and

Ireland or other studies in Europe. 251 Another drawback is that the clinical

information for the classification was based on retrospective review of medical

records. However, being treatment based, the classification reflects the

decision madeby the physician and this has major impact on resource use.
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5.5 Conclusion

In this study we describe the medical cost estimates for inflammatory bowel

disease in a single centre paediatric population using a retrospective medical

history database search. The proportionate costs of medications was different

in childhood IBD, with higher costs for enteral therapy, lower costs for local

treatment. There was also higher costs associated with diagnosis and in

particular with endoscopy — because of the higher costs associated with general

anesthaesia in these patients who attended for endoscopic procedures. Similar

to the adult population with IBD, hospitalisation and management of the acute

flare of the disease were the major determinants of the costs. Therapy that

decrease the number of surgical hospitalisations should substantially reduce

inpatient costs and by lowering the number of hospitalisations overall, will

significantly impact the overall costs of caring for patients with this disease.
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6 Discussion and Conclusion

The inflammatory bowel diseases are chronic, relapsing conditions that may

occur for the first time in early life and lack a permanent medical cure.

Healthcare costs associated with these diseases are significant. New treatment

modalities have been introduced in recent years but these tend to have high

acquisition costs resulting in rising drug costs for these diseases. It is hoped

that these agents will effect a significant compensatory reduction in othercosts,

particularly for hospitalization and surgery. However,theclinicaltrials of new

drugs have lacked the pragmatic design, size or duration of follow-up required

to answer questions of relative cost-effectiveness to standard care. Only by

collecting information on trends in cost of illness for IBD will the true

economic impact of these therapeutic agents be appreciated. If new, expensive

drugs require chronic administration to sustain their effects, then issues of cost-

effectiveness and society’s willingness to pay for incremental health gains will

be of continued interest to healthcare decision makers. Trials of future

biological therapies should incorporate health economic end-points but are

unlikely to do so, owing to commercial considerations andlogistical constrains.

Hence, cost-effectiveness modelling exercises will continue to inform the

appraisal process for these agents. The validity of such models will depend on

the availability of accurate primary inputs for costs of care associated with

IBD,a topic that has been relatively under-researched in the UK.
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Recognising the lack of data for the UK healthcare system, we undertook a

detailed micro-costing analysis of costs of illness in IBD in patients receiving

care at our institution, a teaching hospital serving an inner city population of

around 330,000. Using a variety of hospital record systems, we identified 479

patients who received some form of secondary care for IBD over a six month

audit period. A patient-level audit was conducted to establish the scale, profile

and determinants of resource use, based on an item by item inventory ofall

categories of service use. This included ambulatory (out patient) attendances,

in patient stays, all investigations, estimates of total daily dosages of all

relevant medications, total bed days and surgical procedures (case-by-case

costs based on operating time and procedure type). Item costs were derived

according to National Health Care costing principals, including an allowance

for overheads.

While only 14% patients required hospital admission during the period of

study, this small number accounted for 49% of total secondary care costs.

Drug costs accounted for less than a quarter of the cost of illness. Over a six

month period patient mean costs per patient were £1,256 (£988, £1721) for

colitis and £1652(£1,221, £2239) for Crohn’s disease. There was a positive

correlation between total cost-of-illness and the need for hospitalisation and

peak grade of disease over the six month observation period. Interestingly,

costs were positively correlated with increasing anatomical disease extent for

both forms of IBD, a novel observation not previously examined. Costs were,

however, independent of age and genderin this study. A 2-3 fold increase in

costs was associated with disease relapse for patients who did not require
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hospital admission. Hospital admission resulted in a 20-fold increase in costs

emphasizing its impact on cost of illness. Assuming around 240,000 IBD

sufferers in the UK, and our mean cost estimates of £3000 per year, the total

direct cost to the NHSis around £720 million.

It is important to estimate indirect costs when considering the overall burden of

any disease. We obtained estimates of total lost productivity from our local

IBD cohort, based on a questionnaire responded by 233 patients. Between one

third and one half of employed IBD patients reported some loss of work days

during the six month period. Our cohort also reported an average of 18 days

per six months of ‘restricted activities days’ due to the disease when they were

asked to estimate the loss of time from household and recreational activities.

Using the human capital method the mean (SD) monetary value of productivity

loss per six months was estimated to be £434(1139) for ulcerative colitis and

£672 (1390) for Crohn’s disease which represented 5 — 8% of the monetary

productivity loss for a full time worker in our cohort in North Liverpool. The

mean out of pocket expenses per six months was £40 for UC and £66 for CD

and ranged from £0 to £750.

It is difficult to provide a monetary value to pain and suffering from a disease.

Inflammatory bowel disease has a significant negative impact on the general

well being of the patients. This intangible cost was evaluated by a disease

specific quality of life questionnaire (UK-IBDQ) in a postal survey on an

unselected cohort of IBD patients. A simplified clinical state categorisation is

being increasing employed in economic modelling in whichthe disease states
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are defined by the intensity of the medical treatment. There was a strong

association between this disease state category and the quality of life

questionnaire. This confirmation provides useful data for future economic in

IBD in the UK.

Cost utility analysis express outcomesin terms of Quality Adjusted Life Year

which allow comparison of health care interventions across different disease

states. Accurate utility scores are vital for such analysis. We conducted a face

to face interview on 129 IBD sufferers and demonstrated the feasibility to elicit

utility scores in a UK population. We found evidence to support the validity of

these scores as measures of health related quality of life in patients with IBD.

Utility measures derived from VAS, TTO and EuroQol were found to be

strongly correlated to clinical state and disease specific quality of life

instruments. Health state utilities in the various disease states were derived for

potential use in cost modelling and cost utility analysis. Utility scores in

patients in remission or mild disease was not very dissimilar to the normal

population but those with severe disease was similar to other chronic illnesses.

Contingent valuation survey in the form of willingness to pay was also carried

out andit indicated that in our cohort, patients were willing to pay £1,793 (UC)

and £2,685 (CD) per annum to be free of disease. This value had poor

correlation to the clinical staging or to established QoL measures but seemed

be more influenced by past experience of the disease.
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Because of the different disease spectrum and management plan, there are

special considerations in the cost of illness of IBD in children. Detailed

resource use and cost analysis was performed for children receiving care at a

paediatric university hospital. A total of 123 children were identified who had

received any care over a year. The resource data was abstracted andthe cost of

illness was derived. The mean cost per year was £2727 in UC and £2868 in

CD. The cost distribution was skewed with the top (most costly) 10% of

children accounting for nearly half the total cost. The cost distribution was

similar to the cost of adult disease in many respects. The major cost driver was

hospitalisation, with the annual cost for hospitalisation estimated to be on an

average three times greater than ambulatory patients. The proportional costs of

medication was different from the adult with nutritional therapy forming the

bulk of the medication costs with CD andrectal therapies forming only a small

cost of the drug costs in UC.

This research work provides the most robust cost data estimates for the UK to

date and, indeed, the data have been used in the recent technological

assessment undertaken by NICE for cost-utility analyses of biological

therapies.”
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A1: TTO interview question

 

 

Supposewehad a magic treatmentthat could correct your bowel
problem and restore you to perfect health — by this | mean that you
would have no physical/psychological/social complaints EVER

from your bowel. Let meclarify that — your bowel would not
interfere with yourlife in any way - allowing you to perform
activities of daily living without any problem, allowing you to
socialise without interruptions and not causing any psychological
worries and therefore allowing you to feel good and feeling
positive. This magic treatmenthas noside effects either.

| emphasisethat this is an imaginary question and that such a

treatment does not exist. But it you usethis, it has a price to pay.
Using the drug will shorten yourlife in a few monthsoryears.
Keeping in mind yourpresentstate of health, | would like to know
how muchtime you are willing to trade to gain such perfect health.
 

(Ask if they understand whatis being said — prompt them asfollowsifthey

find it difficult to answer)
 

 
| will begin with a simple question. Would you bewilling to take a
drugif your life would be shortenedatall?
 

(If the respondent was not willing to take the drugsat this stage the idea was

explained again andif she persisted they were excluded from the study — ask

reason — is it because they do not considerthat it was worth trading somepart
of their life as they were not suffering too muchatthis pointor is there any

other reason e.g. personal, religious etc)
 

 

Would you bewilling to take the drugif yourlife would be
shortened by 1 year ( 6 monthsfor those with life expectancy
below 10 years)?
 

(Afterthis, the times will vary according to the response to discover the
indifference point. The intervals chosen will be ping ponged upwards or

downwardsaccordingto the response.
 

 

Patients willing to trade 1 year (six months for those with life
expectancyof less than 10 years) will be offered trading 10 years
(5 years in elderly group) to verify understanding and the times are
further halved according to response.
 

The life expectancy will be derived from the life tables butthis is not be

divulgedto the patients at any point.

The calculation of the TTO is done as follows:
Heath state utility (TTO) = Numbers ofyears willing to be traded

Life expectancy
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A2: WIPinterview question

 

 

This treatment instantly cures your disease, has noside effects,is
not harmful, and there is no risk of complications or death. But

this treatment has to be ongoing andwill have to be regular. Ifit
stops you will revert back into your present state immediately.
This time | am interested in the value you place on the new
treatment for your disease. One wayof doing this is to ask you
how muchyou wouldtheoretically be willing to pay for this
treatment.

Because the NHSsystemis different, this is not a question of
whether you would pay for such services in UK but a measure of

the value you would place for such a treatment.

Please thinkof this willingness to pay as being directly paid out of
pocket. For the purposeof the interview, please imagine that there
will be no help with paying for this treatment from any source. If
you wantto avoid going into the untreated state, you will have to
pay for your treatment yourself which meansthatif you are willing
to pay an amountto secure this improvementyou will have less to

spend on otherthings, such as entertainment, your house,car,
holidays and so on. As | said we want to know how much you
would bewilling to pay.

Whengiving your response,that is, what you are willing to pay,

please bear in mind whatyou are able to afford given your
circumstances (assets and income) and your EXPERIENCE WITH
THE DISEASE.

You canthink of this regular willingness to pay as either a weekly,
fortnightly, monthly or yearly figure. If you are not willing to pay
anything to change health states, then please say zero. As always
there are no right or wrong answers. Weare only interested in

whatyouthink.

 

Would you be willing to pay £ X [? Randomise across £25, £ 50. £ 75, £100]?

If Yes — ask would you pay any more ?

IfNo — ask if you would pay if the amount wasless?

Record any comments
If any respondentis a zero, ask the respondentto clarify if they are simply not wtp

anything, that they do not actually value the change in health state (i.e. are indifferent
betweenstates A and B),or there is another reason such as incomeconstrain,ethical

objections to such valuation, feel that this payment may becomepolicy etc.
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Quality oflife study — University Hospital Aintree

Research on Quality-of-Life and Bowel Problems

 

Doctors at University Hospital Aintree are performing a study to find out more

about certain bowel problems. The purpose of the study is to see what effects bowel
symptoms have on everydayliving (“quality of life”). This information will help in the

planning of care and services for patients, particularly those with “ulcerative colitis” or

“Crohn’s disease”.

We are therefore inviting you to take part in our study by completing the enclosed

questionnaire. Your participation in this study is completely voluntary. If you decide

not to return the questionnaire, this will not affect your future treatment at the

hospital in any way.

 

Below, we have given answers to questions that you may have before deciding

whetherto help our research:

@ WhyhaveI been sent a questionnaire?
Questionnaires have been sent to a large sample of people who have previously attended the
hospital for advice about bowel symptoms, or have had somesort of bowel test. This will
include people who are no longersuffering any sort of bowel symptoms (“healthy controls”), as
well as people still receiving care from the hospital for bowel conditions such as ulcerative colitis

or Crohn’‘s disease.

e Will my answers be kept confidential?
Yes. Your personal details are not recorded on the questionnaire. Each questionnaire has a
unique numberwritten onit. Only the doctors directly involved in the study will know the
patient name which corresponds to the unique number. The information obtained from
questionnaires will be analysed by the doctors. Whenthe results of the study are presented to
anyoneelse, it will be impossible for them to identify who took part.

® I have no bowel symptomsany more,can still help with the study?
Yes. We are also interested in the answers given by people without any current bowel
symptoms (“healthy controls”). This allows us to compare quality of life between people who
are “well” and those who have active symptomscaused by certain chronic bowel problems.

® Whatwill happen if I don’t return my questionnaire?

Nothing. Your participation is voluntary. Your future care at the hospital will not be affected in

any way.

@ Whatif I have further questions about the study, or want advice aboutfilling in the

questionnaire?
We will be happy to answer any queries. Please phone our secretary (Karen, 0151 529 2806)
who will arrange for one of the study doctors to talk to you.

 

If you would like to help our research, please take a few minutes to answerthe questions overleaf. Pleasefeel
free to write on the questionnaire if you want to add comments of your own. However, please don’t write your

name on the questionnaire.

A stamped, addressed envelopeis enclosed forreturn of the questionnaire. Many thanks.
 



Quality of life study — University Hospital Aintree

 

On how manydays overthe last two weeks have you had loose or runny bowel

movements?
O None

O On one or two days only

O On three to seven days

O On eight to fourteen days (i.e. more than every other day)
 

Question 2

On how many days over the last two weeks have youfelt tired?
@ None

O On one or two days only

O On three to seven days

O On eight to fourteen days (i.e. more than every other day)
 

Question 3

In the last two weekshave you felt frustrated?
Oo No, not at all

O Yes, some of the time

Oo Yes, most of the time

Oo Yes, all the time
 

Question 4

In the last two weeks, has your bowel condition prevented you from carrying out

your work or other normal activities?
No, not at all

Yes, some of the time

Yes, most of the time

Yes, all the timeQ
O
Q
O
O
0
0

 

Question 5

On how many days over the last two weeks, have you opened your bowel more

than three times a day?
O None

O On one or two days only

O On three to seven days

O On eight to fourteen days (i.e. more than every other day)
 

Question 6

On how many daysover the last two weekshaveyoufelt full of energy?

O None

O On oneor two days only

Oo On three to seven days

O On eight to fourteen days (i.e. more than every other day)    



Quality of life study — University Hospital Aintree

In the last two weeks have you been worried about being admitted to hospital

because of your bowel problem?
Oo No, not atall

O Yes, some of the time

Oo Yes, most of the time

O Yes, all the time
 

Question 8

In the last weeks did your bowel condition prevent you from going out

socially?
No, not at all

Yes, some of the time

Yes, most of the time

Yes, all the time

Does not apply to me   OQO00
0

 

fo]TT=S3a(eae,

On how many days over the last two weeks have your bowels opened

accidentally?
Oo None

O On oneor two daysonly

O On three to seven days

O On eight to fourteen days (i.e. more than every other day)    
Question 10

On how many days over the last two weeks have youfelt generally unwell?

O None

On one or two days only

Oo On three to seven days
O On eight to fourteen days (i.e. more than every other day)
 

In the last two weeks have you felt the need to keepclose to a toilet?

Oo No, not at all

O Yes, some of the time

O Yes, most of the time

O Yes, all the time  
 

 

In the last two weeks, has your bowelcondition affected yourleisure or sports
es

activities?
O No, not at all

O Yes, some of the time

O Yes, most of the time

|o Yes, all the time

| Oo Does not apply to me |



| O Yes, all the time

Quality oflife study — University Hospital Aintree

Question 13

On how many days over the last two weekshave you felt pain in your abdomen?
Oo None

Oo On one or two days only

Oo On three to seven days

Oo On eight to fourteen days (i.e. more than every other day)
 

o]tT=Shafel es

On how manynights over the last two weeks have you been unableto sleep well

(days if you are a shift worker)?
Oo None

Oo On oneor two days only

O On three to seven days   O On eight to fourteen days (i.e. more than every other day)
 

Question 15

In the last two weekshave you felt depressed?
O No, notatall

O Yes, some of the time

O Yes, most of the time

 

| In the last two weeks have you had to avoid attending events where there was

|O Yes, most of the time ie) Yes, all the time

Question 16

no toilet close at hand?
O No, not at all

O Yes, some of the time  
 

Question 17

On how many days over the last two weeks have you had a problem withlarge

amounts of wind?

O None

O On oneor two daysonly

O On three to seven days
O On eight to fourteen days (i.e. more than every other day)
 

Question 18

On how manydaysoverthe last two weeks have you felt off your food?

None

On one or two days only

On three to seven days
On eight to fourteen days (i.e. more than every other day)Q

O
Q
O
0
0    
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Question 19

Many patients with bowel problems have worries about their illness. How often
during the last two weeks have you felt worried?

No, not at all

Yes, some of the time

Yes, most of the time

Yes, all the time

On how manydays over the last two weeks has your abdomenfelt bloated?
None

On one or two days only

On three to seven days

On eight to fourteen days (i.e. more than every other day)

Q
O
W
O
0
0

 

 Q
Q
O
0
0 

 

  In the last two weeks have youfelt relaxed?
No, not at all

Yes, someof the time

Yes, most of the time

Yes, all the time

 

O
O
0
0

 

On how manydaysover the last two weeks have you noticed blood with your

bowel movements?
None

On one or two days only

On three to seven days

On eight to fourteen days(i.e. more than every other day)Q
O
O
0
0

Question 23

In the last two weeks have you been embarrassed by your bowel problem?
No, not at all

Yes, some of the time

Yes, most of the time

Yes, all the time

On how many days over the last two weeks have you wanted to go back to the

toilet immediately after you thought you emptied your bowel?
O None

Oo On one or two days only

O On three to seven days

Oo On eight to fourteen days (i.e. more than every other day)

Q
W
V
O
O
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   In the last two weeks have you felt upset?
O No, not at all

Oo Yes, some of the time

O Yes, most of the time

O Yes, all the time

   

 

Question 26

On how many days overthe last two weeks have you had to rushto the toilet?
O None

O On one or two days only

O On three to seven days

O On eight to fourteen days (i.e. more than every other day)

  In the last two weeks have youfelt angry as a result of bowel problems?

 

No, not at all

Yes, some of the time

Yes, most of the time

Yes, all the timeQ
O
Q
O
0
0

 

  

Question 28

In the last two weekshas your sex life been affected by bowel problems?
No, not at all

Yes, some of the time

Yes, most of the time

Yes, all the time

Does not apply to me

Question 29

On how many days over the last two weeks haveyoufelt sick?
Oo None

O On oneor twodaysonly

O On three to seven days

O On eight to fourteen days (i.e. more than every other day)

 

O
W
O
0
O
0
0

 
Question 30

In the last two weekshave youfelt irritable?
No, not at all

Yes, some of the time

Yes, most of the time

Yes, all the timeQ
O
Q
O
0
0   
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  In the last two weekshave youfelt lack of sympathy from others?
No, not at all

Yes, some of the time

Yes, most of the time

Yes, all the time

 

Q
W
O
0
0

 

In the last two weeks have you felt happy?
No, notatall

Yes, some of the time

Yes, most of the time

Yes, all the time

 

 

 

The following questions will help us to find out more about the social impact of bowel problems.

We would like you to estimate how much you have been affected in the previous SIX months.

Please answer the questions even if you have had no bowel problems during this time. Feel free

to add any further comments.

 

In the last SIX MONTHS, how much moneyhaveyouspent as a result of bowel

problems?
(Example- special diets, special clothes, travel expenses to hospital, over the counter

medications, prescription charges etc)

O None

O £

Question 34

Overthe last SIX MONTHS, have you had to take time off workas a result of

bowel problems?
Oo Not applicable - not working over this period

Oo No dayslost

O Dayslost- days (please specify)
 

Over the last SIX MONTHS, how would you best describe your employmentstatus?

Full time employed

Part time employed - hours/week

Retired

Disabled

Unemployed

Homemaker

Others-

 Q
W
O
W
Q
W
0
0

|



Quality of life study — University Hospital Aintree

How would you best describe your annual income?
< £5,000 - Please specify £

£5,000 to £ 10,000

£ 10,000 to £ 15,000

£15,000 to £20,000

£20,000 to £25,000

> £ 25,000 - Please specify £Q
W
O
W
0
0
0

 

Over the last SIX MONTHShave you hadto visit your general practitioner for

bowel problems?
O No

O Yes, times (Please specify)   
 

Question 38

Over the last SIX MONTHS, how many days has your bowel problemsinterfered

with your normal household / recreationalactivities?
O None

Oo days (please specify)   
 

 

O]t(=sju(ea meh)

Which of the following qualifications do you have?
(Pleasetick all qualifications that apply to you orif not specified, the nearest equivalent)

O levels/CSEs/GCSEs/Schoolcertificate
A Levels/High School certificate

Postgraduate degree (eg BA/BSc/MA/PhD/PGCE/postgraduate

certificate/postgraduate diploma)
NVQ (anylevel), other qualifications (City and guilds, RSA/OCR, BTEC/Edexcel)

No qualificationsO
0
0

O
0
0

Many thanksfor helping with this research.

Please return your questionnaire by post in the envelope provided.
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Background andaims: The potentially high costs of care associated with inflammatory boweldisease(IBD)
are recognised but we havelittle knowledge of the scale, profile, or determinantsof these costs in the UK.
This study aimedto describe costs ofillness for a group of IBD patients and determine factors associated
with increased healthcare costs.
Setting: A university hospital serving a target population of approximately 330 000.
Patients and methods: A six month cohort of IBD patients receiving any form of secondary care was
identified, comprising 307 casesofulcerative (or indeterminate) colitis and 172 cases of Crohn’s disease.

Demographic andclinical data were abstracted from clinical records and individual resource use was
itemised forall attributable costs (including extraintestinal manifestations). Item costs were derived from

national and local sources. Cost data were expressed as mean six month costs per patient (with 95%
confidence interval (Cl)) obtained using non-parametric bootstrapping. Determinants of cost were
analysed using generalised linear regression modelling. A postal survey of patients was undertaken to
examine indirect costs, out of pocket expenses, and primary carevisits.

Results: Inpatientservices (medical and/orsurgical) were required by 67 patients (14%) but accountedfor
49% oftotal secondary care costs. Drug costs accountedforless than a quarter oftotal costs. Individual
patientcosts ranged from £73 to £33 254 persix months. Mean (95% Cl) six monthcosts per patient were

£1256 (£988, £1721) for colitis and £1652 (£1221, £2239)for Crohn’s disease. Hospitalisation, disease

severity grade, and disease extent correlated positively with cost ofillness but costs were independentof

age or sex. Compared with quiescent cases of IBD, disease relapse was associated with a 2-3-fold

increase in costs for non-hospitalised cases and a 20-fold increasein costs for hospitalised cases. Survey

data suggested average six month costs were <£30perpatient for primary care visits (both diseases) and
medianloss of earnings were £239forcolitis and £299 for Crohn’s disease.
Conclusions:This study represents thefirst detailed characterisation ofthe scale and determinantsofcosts

ofillness for IBD in a British hospital. Hospitalisation affected a minority of sufferers but accountedforhalf

of the total direct costs falling on the healthcare system.

as inflammatory bowel diseases (IBD), are chronic

conditions of unknownaetiology. The clinical spectrum

of IBD is very wide and ranges from an asymptomatic

quiescent state to life threatening severe illness. Although

relatively uncommon and rarely fatal, these disorders

typically affect people during their economically productive

adult lives and may require extensive medical and surgical

interventions over several decadesof disease.’ * The potential

economic impact of managingIBDis therefore considerable.'"°

There is pressure within all healthcare systems to control

expenditure and a growing acceptance of the need for more

accurate information on the costs of different diseases.’ In

the UK,detailed cost data for individual diseasesare difficult

to obtain owingto the absence of any systematic process for

recording patient specific resource use. As a result, our

knowledge of thelevel andprofile of healthcare costs for IBD

in Britain is remarkably limited. In other healthcare systems,

the billing databases of third party health insurers have

served as a source of information about resources consumed

by individual patients with IBD.° However, the level of

information contained in such databasesis generally limited

to basic demographics and broad diagnostic labels. More

detailed studies from other countries have relied either on
retrospective analyses of real patient data (describing

resource use in a defined patient cohort),’ * *"° on theoretical

mathematical modelling,’ or on extrapolation of various

C rohn’s disease and ulcerative colitis, collectively known national surveys. However, there have been no detailed

studies undertaken within the UK National Health Service.

Current therapies for IBD are often palliative rather than

curative. Novel immunomodulatory agents are currently

attracting muchinterest although their high acquisition cost

has contributed to relatively restricted criteria for their

approved use. Robust cost effectiveness data for rival IBD

therapies is lacking as few therapeutic trials have incorpo-

rated the prospective collection of resource data.

Furthermore, given the lack of published primary data for

levels of resource use amongIBD patients in the UK,the cost

inputs used for theoretical modelling exercises haverelied on

subjective cost estimates rather than real patient data. This

clearly raises questions about the validity of such analyses

and their relevance to day to day practice.

The aimsof the present study were: (i) to define the profile

of costs incurred by a large group of patients with IBD

attending a single UK centre andto correlate costs of care

with demographics, disease type, and otherclinical variables

(disease severity and extent); (ii) to determine the financial

cost of disease relapse, by comparing healthcare costs of

patients with quiescent disease to that of patients suffering

an acute exacerbation; and (iii) to estimate primary care

Abbreviations: IBD, inflammatory boweldisease; 5-ASA, 5-
aminosalicylic acid
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costs, indirect (productivity) losses, and out of pocket

expenses for these patients by meansof a postal survey.

METHODS
Setting and perspective
The setting for the present study was a 1200 bedded

university hospital situated in the Northwest of England.

The hospital serves an urban population of approximately
330 000 local residents and spends approximately £118.5

million per year on delivering secondary care services. We

used the prevalence approach to costing illness, quantifying

the economic burden of IBD over a six month time frame

(June 2000 to December 2000). Direct costs were estimated

from the perspective of the UK National Health Service (a

single payer provider organisation) and were calculated for

all products and services consumed by a group of IBD

patients receiving care at our institution.

Patient cohort
Anypatient receiving secondary care for IBD during the study

time frame waseligible for inclusion. Cases were identified

retrospectively by performing manual and/or computer

searches of various hospital databases for IBD specific terms
(ulcerative colitis, Crohn’s disease, colitis, proctitis, IBD).

This involved searching andcross referencing a range of NHS

data sources (outpatient clinic letters, hospital discharge
coding systems, diagnostic reports from radiology, histo-

pathology, and endoscopy departments). Initial database
screening identified 620 patients with possible IBD. Hospital

case records were available for review in 580 of these subjects

(94%).
A firm diagnosis of IBD (ulcerative colitis, Crohn’s disease,

or indeterminate colitis) was confirmed in 479 patients,

based on previously published diagnostic criteria.’ Patients

with a range of other diagnoses (for example, infectious

colitis or diverticulitis) were excluded. The final study

population comprised a total of 479 cases of confirmed IBD

whoattended the hospital for some form of care at least once

during the time frame of the study. This included 433

prevalent cases (ulcerative colitis, n = 253; Crohn’s disease,

n = 160; indeterminate colitis, n = 20) in whom the diagnosis

had been established prior to the study start date, and 46

incident (mew) cases (ulcerative colitis, n= 31; Crohn’s

disease, n= 12; indeterminate colitis, n=3) in whom the

diagnosis was madeforthefirst time at some point during

the study period.

Clinical and demographic data
Details of demographic and diagnostic information were

abstracted from the case records. This included patient age,

sex, type of IBD (ulcerative colitis, Crohn’s disease, or

indeterminate colitis), disease extent, and severity. For

ulcerative colitis, disease extent was codedas either proctitis

(distal to the rectosigmoid junction), left sided colitis (distal

to the hepatic flexure), pancolitis, or “unknown”(if staging

investigations were incomplete or equivocal). For Crohn's

disease, disease stage was designated as ileal, colonic,

ileocolonic, other, or “unknown”. Cases of indeterminate

colitis were codedaseitherleft sided (anywheredistal to the

hepatic flexure) or pancolitis.

A simplified disease severity scale was employed, as

previously applied to retrospective data for Crohn’s disease

patients.’ This scale defines disease severity by the intensity

of medical treatment, using seven discrete states (1, remis-

sion; 2, mild disease; 3, severe disease, drug responsive; 4,

severe disease, drug dependant; 5, severe disease, drug

refractory; 6, surgery; and 7, post surgical remission). For

each patient, minimum and maximum disease severity over

the study time frame was estimated.

www.gutinl.com
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Secondary care resource use
Information relating to resource use over the course of the

study period was abstracted from the clinical records. Only

IBD related resource use was included (‘attributable” costs)

which included care for extraintestinal manifestations (for

example, rheumatological services) but excluded episodes of

treatment for unrelated comorbidity. Products and services

werelisted under the following categories.

© Outpatient services: number and type of ambulatory visits,

including consultations with medical/surgical staff, dieti-

cians, and stomanurses.

© Inpatient services: ward type (medical, surgical, or intensive

care) and duration ofstay.

© Investigations: number and type of blood tests, microbio-

logical tests, radiological procedures, and endoscopic

procedures (including number of biopsy samples pro-

cessed for histopathology).

© Medication: new prescriptions and long term (mainte-

nance) treatments for IBD were noted and the total

number of daily doses taken over the six month time

frame wasestimated. This included all IBD specific drugs
(for example, aminosalicylic acid derivatives, corticoster-

oids, topical (rectal) therapies, and other immunomodu-

lators), antibiotics, symptomatic remedies (for example,

antidiarrhoeals and antispasmodics), analgesics, and

treatments for specific extraintestinal features (for exam-

ple, osteoporosis). Reducing doses of steroids were

calculated on the basis of an average standard regimen

unless deviation from the routine wasclearly documented

in the case notes. No allowancefor patient compliance was

made, such that maintenance therapies were assumed to

continue without interruption over the study period. For

inpatients, drug use was taken directly from the prescrip-

tion chart.

© Surgery: details of the type of operation and the recorded

duration (hours) of each operation was obtained.

Direct cost estimates for secondary care products and

services
For each patient, direct expenditure (per six months) for

individual products and services was derived by multiplying

units of resource use by their unit cost. The sources used for

deriving unit costs were the NHS national reference costs,

Personal Social Services Research Unit," and costs derived
from local sources. Values are expressed in 2000-2001 UK

poundssterling (£). The cost estimates include staff salaries

and training, heating and lighting, pharmacy services, and

miscellaneous costs (for example, patient appliances, staff

uniforms, patients clothing, hardware and crockery, bedding

and linen, printing and stationary, cleaning, and office

equipment, etc). Expenditure returns also incorporate an

overheads elementto reflect the cost of capital and support

services in the provision of hospital services.

Item costs for laboratory tests (haematology, biochemistry,

and microbiology) were based on departmental finance

estimates that include the cost of technicians, consumables,

supervising physician, and overheads. Medication costs were

based on Monthly Index of Medical Specialities. Surgical

procedure costs were derived from the product of operation

time and staff hourly rates'' plus consumables and over-

heads. Patient lost work time was valued using national

average wages.”

Costs of routine care versus active disease
management
It is recognised that a significant number of IBD patients

attending secondary care clinics have clinically quiescent
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Table 1 Demographic andclinical characteristics of a six month cohort of inflammatory
bowel disease patients (n=479)receiving care at a single centre
 

 

Extraintestinal complications (n (%))
Sclerosing cholangitis 4 (1.4)
Iritis/uveitis 3 (1)

Sacroileitis/AS/arthritis 3 (1)
Pyoderma/EN 3 (1)

Maxdisease severity (n (%))
Remission 27 (9)

Mild 163 (57)

Severe* 80 (28)

Surgery 7 (3)

Post-Sx remission 7 (3)

Previous surgery (n (%)) 7 (3)
Hospitalised (n (%))

Without surgery 28 (10)

With surgery 7 (2.5)

Indeterminate
Parameter Ulcerative colitis Crohn's disease colitis

Noofpatients
Prevalent cases 253 160 20
Incident cases 31 12 3

Age ly) (mean (SD)) 52 (17) 46 (17) 47 (18)

Sex (male n (%)) 159 (56) 71(41) 12 (52)
Extent of disease (n (%)) Proctitis: 55 (19) lleal: 67 (39) Left sided: 18 (78)

Left sided: 133 (47)
Pancolitis: 79 (28)

Unknown: 17 (6)

Pancolitis: 2 (9)

Unknown: 3 (13)
Colonic: 54 (31)

lleocolonic: 48 (28)
Other: None
Unknown: 3 (2)

1 (0.4)
1 (0.6)
8 (4.6)
1 (0.6)

12 (7)
57 (33)
73 (42)
13 (8)
17 (10)
AA(28)

6 (26)
14 (61)
3 (13)

18 (10)
13 (7.5)

1 (4)

  *Severe category includes drug responsive, drug dependant, and drugrefractory disease.
AS,ankylosing spondylitis; EN, erythema nodosum; Post-Sx remission, post surgical remission.  
 

disease and may require nosignificant alteration in manage-

ment during routinely scheduled follow up visits. The cost

effectiveness of routine follow up has been questioned.'? We

wished to quantify the costs associated with routine care and

determine the incremental costs associated with managing

more active disease. Patients with quiescent disease were

defined as those who fulfilled the following criteria during

the course of the study period: (a) no change in disease

severity grade; (b) no requirement for immunosuppressants

(corticosteroids or azathioprine); (c) no change in drug

therapy; and (d) no specialist investigations (except routine

blood tests and surveillance colonoscopy).

 

 

 

 

 

  

Table 2 Six month resource use for the cohort of inflammatory bowel disease (IBD)

patients

Ulcerative colitis* Crohn’s disease

A 58 LU, sale A A hal, uy. on elt, Jj

Y Hosp y Hosp
group group group group

Parameter (per 6 months) (n=241)t (n=27)t (n=130)t (n= 28)t

Outpatient services(visits)
IBD related 1.8 (0-8) 2.8 (0-3) 2.2 (0-7) 2.9; (0 - 8)
Extraintestinal 1.14 (1-2) = 1.25 (1-3) od
Dietician 0.01 (0-1) = 0.07 (0-3) 0.1 (0-1)

Stoma nurse 0.01 (0-1) 0.07 (0-1) = 0.03 (0-1)

Laboratory 5.9 (0-55) 45.1 (5-130) 7.6 (0-28) 35.3 (9-66)

Radiology
Plain x ray 0.01 (0-1) 2.1 (0-6) 0.07 (0-1) 1.4 (0-4)
Barium enema 0.02 (0-1) 0.03 (0-1) 0.01 (0-1) 0.07 (0-1)

Barium F/T 0.01 (0-1) 0.07 (0-1) 0.1 (0-1) 0.30 (0-2)
USS Abd 0.02 (0-1) 0.07 (0-1) 0.02 (0-1) 0.18 (0-1)

CT abdomen/pelvis - 0.07 (0-1) 0.01 (0-1) 0.01 (0-1)

MRI abdomen/Pelvis - - - 0.07 (0-1)

WBCscan = = 0.01 (0-1) 0.07 (0-1)

DEXA scan 0.03 (0-1) = 0.07 (0-1) =

Fistulogram 0.01 (0-1)
Endoscopies
OGD 0.02 (0-1) 0.04 (0-1) 0.15 (0-1) 0.11 (0-1)

Sigmoidoscopy 0.14 (0-2) 0.7 (0-4) 0.05 (0-2) 0.18 (0-1)

Colonoscopy 0.18 (0-1) 0.3 (0-3) 0.1 (0-1) 0.3 (0-3)

Hospital admission
No of admissions NA 1.3 (1-3) NA 1.1 (1-2)
Length of each admission (days) 18 (1-32) 14 (4-40)

Values are mean (range).
Barium F/T, barium follow through; USS Abd,ultrasound of the abdomen; CT, computed tomography; MRI,

magnetic resonance imaging; WBC,white blood cell; OGD, oesophagogastroduodenoscopy.
*Includes patients with indeterminate colitis.
+Excludes incidence cases and those patients who werelost to follow up.  
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Crohn's disease (hospitalised patients only)
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Resource categories

[] Orel ASA

Topical Rx

Immunosuppressants

N Other drugs

Ee Lab tests

X-ray Tests

Drugs

S

Kay Endoscopy

OPservices

IP services

a Surgery

Services   
1 =

80% 100%

Figure 1 Contribution ofdifferentitems and services to six month direct costs of careforinflammatory bowel disease patients (as per cent of totals).
ASA,aminosalicylic acids; OP, outpatient; IP, inpatient.

These criteria were met by 118 patients with ulcerative (or

indeterminate) colitis and 55 patients with Crohn’s disease.

Six month costs for subjects with quiescent disease were

compared with those of patients experiencing a disease flare

up. We defined a disease flare up as a transition from mild

disease (no treatment, 5-ASA maintenance treatment alone,

or topical treatment only) to a moresevere disease state that

required either outpatient immunosuppressant therapy or

hospitalisation. Using this definition, a disease flare was

experienced by 43 patients with ulcerative (or indeterminate)

colitis and 30 patients with Crohn’s disease.

Postal survey
A postal questionnaire was sent out to all confirmed IBD

cases, requesting information relating to the previous six

monthsfor the following items: (1) number of IBD related

visits to a primary care doctor (general practitioner); (2)

estimated total IBD related out of pocket expenses (for

example, for travel, prescription charges, special diets, or

clothing); (3) employment status, and number of lost

working days due to IBD; and (4) loss of ‘social’ days

(household and recreational activities).

Data analysis and statistical methods
Costs are given to the nearest poundsterling. Despite the

skewed nature of cost data, it is desirable to report mean

patient costs, as overall total costs can thenbecalculated. For

this reason, mean patient costs per six monthsare reported

with 95% confidence intervals (CI) estimated using non-

parametric bootstrap sampling.’* Two thousand samples were

taken for each confidence interval and bias corrected and

accelerated confidence intervals are presented, which correct

for the difference between the observed means and the

median of their bootstrap distribution and for the positive

correlation observed between the bootstrap estimates and

their estimated standard errors. Mann-WhitneyU tests or the

7° test for trend was used to compare rates of ambulatory

visits, radiology services, and endoscopies between the

diagnosis groups. Generalised linear regression, with a

gammaerror distribution and log link, was used to model

direct costs, using a forward stepwise selection procedure

(criteria for entry p<0.05, and for removal p>0.1) to select

significant predictors of costs.’ The assumptions of the

model were tested by examination of residuals and the

www.gutinl.com

modified Hosmer-Lemeshowtest,'* and the appropriateness

of the link and error distribution tested using the Box-Cox””

and Park" tests, respectively. Analysis was carried out using

Stata version 8.0.

RESULTS
Patient characteristics
Demographic and clinical features of 479 IBD patients are

summarised in table 1. Based on an approximate referral

population of 330 000 people and the assumption that all

eligible cases are referred to the centre, crude annual

incidence and prevalencerates for ulcerative colitis were 19

per 10° and 153 per 10°, respectively. Corresponding
estimates for Crohn’s disease were 8 per 10° and 97 per

10°, respectively.
Sixty seven patients (14%) were hospitalised during the

study period (table 1). Extraintestinal manifestations were

documentedin 4.5% of cases ofulcerative colitis and 6.4% of

Crohn’s disease patients (table 1). Colon cancer had

previously affected 0.8% of ulcerative colitis patients. One

new tumour was diagnosed during the study time frame (1

cancer per 176.75 patient years of follow up). Two patients

died during the study period (both with severe colitis

associated with major comorbid illness) equivalent to a

mortality rate of 0.8% per annum for the cohort. Twopatients

movedoutof the region during the study period and further

information on resource use was therefore unavailable.

Secondarycare resource use
The various products and services utilised by the six month

cohort of IBD patients are shownin table 2. Table 2 relates to

prevalent cases only and excludes incidence cases (having

less than six monthsof follow up) and patients who werelost

to follow up. Consultation rates (ambulatory visits) were

higher for Crohn’s disease than for ulcerative colitis
(Z = —2.992, p = 0.003). Endoscopy rate wasslightly higher

for ulcerative colitis than for Crohn’s disease (7 a) = 3-7,

p= 0.055) whereas the opposite was true for the use of

radiology services (x? (1) = 26.8, p<0.0001). Consultations

with otherspecialities for the managementof extraintestinal

disease manifestations accounted for 2.4% of total ambula-

tory visits. Duration of stay during any one admission for

hospitalised patients varied between 1 and 40 days. There

were a total of 448 bed days on medical wards for ulcerative
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A i. B . . Figure 2 Frequency distribution of
100 Crohn's disease 100 Ulcerative colitis* individual patient direct costs (per six

months) in cone disease (A) and
Icerative colitis (B). “Two outlying costs75 75 7 ying

c e Da 167 and £33 254) are not
5 ® displayed.
2 50 2 50 Ploy
2 2
~ 25 ~ 25

0 oft 1 ss nn 4 0 oor oom ofhn 1 a 1

0 10 000 20 000 ) 10 000 20000

Total costs (£) Total costs (£)

colitis and 260 bed days for Crohn’s disease. Corresponding
values for surgical bed days were 221 and 196, respectively. 4000
Surgical procedures included panproctocolectomywithileost- @

omyor anal pouch formation, extended right hemicolectomy, “2 3000

drainage procedures (for example, perineum), sigmoid 8

colectomy, and ileal resection. Duration of surgery ranged BS 2000
from 0.5 to 6 hours. There were 12 daysof intensive care bed 2

occupancy. 5 1000 | |

2 z
Secondarycarecosts 0

The total cost of care for the entire IBD cohort over the study Proctitis  Pancolitis Colonic Unknown
Left sided lleal lleocolonic

period was £757 433 (Crohn’s disease £293 773; ulcerative or

indeterminate colitis £463 660). Total cost for patients

receiving only ambulatory care was £240 615 (Crohn’s

disease £75195; ulcerative or indeterminate colitis

£165 421) whereas the six month cost for patients in the

hospitalised group was £516 817 (Crohn’s disease £218 578;

ulcerative or indeterminate colitis £298 239).
The relative contribution of each cost item or service

category to total expenditure is summarised in fig 1. Data are

shown for all patients and separately for ambulatory and
hospitalised groups. Interestingly, the distribution of costs
between different items or services for the two forms of IBD

was very similar. Overall, hospitalisation costs (inpatient

services plus surgery) accounted for approximately half the

total costs for each form of IBD. Drug costs accountedforless

than a quarter of total costs. Oral 5-ASA preparations were

the most significant contributor to drug costs, accounting for

approximately half of the drugs bill. Although only three

patients with Crohn’s disease (1.7%) received primary enteral

nutritional therapy during the course of the study, their

elemental feeds accounted for 10% of the total drugs bill.

None of the patients with Crohn’s disease received anti-

tumour necrosis factor « therapy during the study time

frame.
Radiological procedures accounted for a greater percentage

of total costs for Crohn’s disease (2.5%) than for ulcerative

(or indeterminate) colitis (1.07%) whereas the opposite was
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Figure 4. Mean (95% confidence interval) six month costs versus
disease extent.

observed with endoscopic procedures (4.6% v 9.7%).

Surveillance colonoscopy accounted for 4% of endoscopy

costs (0.4% of total costs of care for IBD).
Figure 2 provides a frequency distribution for individual

patient costs and shows a highly skewed profile. The top

(most costly) 10% of patients accounted for 62% of total costs
for ulcerative colitis and 59% of total costs for Crohn’s

disease. Six month direct costs ranged from £73 to £33 254

for an individual patient.

Meancosts and variation with disease type, severity,
and extent
Meancosts and (non-parametric bootstrap bias corrected and

accelerated) 95% confidence intervals were calculated for

patients who had a complete six month period of follow up

(that is, “prevalent” cases only). Mean (95% CI) six month

cost per patient was £1652 (£1221, £2239) for Crohn’s disease

and £1256 (£988, £1721) for ulcerative (or indeterminate)

colitis. The corresponding six month costs for the ambulatory

group alone was £516 (£452, £618) and £539 (£497, £589),

respectively. For the hospitalised group, mean six month
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bowel disease patients

Table 3 Multivariate generalised linear modelling: influence of disease severity,
hospitalisation, and diagnosis on total six month resource use for a cohort of inflammatory

 

Relative increase in
costs associated with

 

Variable Coefficient (SE) variable (baseline = 1) p Value

Diagnosist 0.17 (0.07) 1.18 (1.03,1.35) 0.014

Hospitalisation - 2.04 (0.12) 7.65 (6.11,9.60) <0.001

Disease severityt <0.001

Mild disease 1.03 (0.11) 2.80 (2.26,3.47)

Severe disease, drug responsive 1.25 (0.14) 3.47 (2.66,4.54)

Severe disease, drug dependent 1.64 (0.13) 5.13 (3.99,6.60)

Severe disease, drug refractory 1.63 (0.16) 5.09 (3.71,7.00)
Surgery 2.23 (0.21) 9.32 (6.20,13.99)

Post surgical remission 0.13 (0.16) 1.14 (0.83,1.57)

Constant 5.05 (0.11) <0.001
 

Crohn's disease).
Baseline category: remission.

+Increase whenulcerative colitis or indeterminate colitis compared to Crohn’s disease (thatis, baseline category:  
  

costs were £6923 (£5415, £8919) for Crohn’s disease and

£7658 (£5693, £10651) for ulcerative (or indeterminate)

colitis.

As expected, for both diseases there was an incremental

increase in costs with worseningdisease severity grade (fig 3).

Mean(95% CI) costs according to disease extent is shown in

fig 4. Generalised linear modelling with a gammadistribution

and log link was used to assess the importance of age, sex,

diagnosis (Crohn’s disease or ulcerative (including indeter-

minate) colitis), hospitalisation, and disease extent and

severity in predicting overall costs of those with complete

six month follow up (table 3). Age, sex, and disease extent

were not foundto be significant predictors oftotal costs once

hospitalisation, diagnosis, and disease severity were

accountedfor.

Whereasthe calculated “average” costs of care for Crohn’s

disease were higherthan forulcerative colitis, this reflects the

higher rate of hospitalisation and surgery in the Crohn's

disease group (table 1). The multivariate model predicted

that ulcerative (or indeterminate) colitis patients had costs

that were on average 18% (95% CI 3, 35%) higher than

patients with Crohn’s disease. This reflects the fact that the

modelevaluates the independentinfluence of disease type on

costs of illness by removing the confounding influence of

disease severity and hospitalisation. In other words, the

model adjusts for unequal case mix.

Total six month costs were estimated to be on average 7.65

(95% CI 6.11, 9.60) times greater for hospitalised compared

with ambulatory patients. The proportion ofvariation in the

data explained by this model is approximately 77% (Efron’s

pseudo-r?”) and inspection of residuals and the scaled

 

 

 

Table 4 Postal survey: characteristics of responders and
non-responders

Responders  Non-responders
Parameter (n=233) (n= 246)

Age(y) (mean (SD) 51 (17) 48 (18)
Sex (male, n (%)) 110 (47) 132 (53)
Extent of disease (n (%))

Proctitis 27 (19) 27 (11) 28 (11)
Left sided 58 (47) 58 (25) 75 (30)
Pancolitis 37 (28) 37 (16) 42 (17)

lleal 67 (39) 34 (15) 33 (13)
Colonic 54 (31) 25 (11) 29 (12)
lleocolonic 48 (28) 28 (12) 20 (8)
Indeterminate colitis 12 (5) 8 (4)
Extent unknown 12 (5) 11 (4)
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deviance of the model indicated good model fit (scaled

deviance = 346.28, X (417) p=0.995).

New or “incident” cases were excluded from the analysis

of mean costs owingto their incomplete period of follow (less

than six months). Mean duration of observation for these

cases was 15.8 weeks. However, mean (95% CI) costs for

incident cases of Crohn’s disease and ulcerative (or indeter-

minate) colitis were £2662 (£1006, £5866) and £2111 (£1488,

£3078), respectively. These values are greater than the mean

costs for prevalent cases, illustrating the relatively high costs

of initial assessment and investigation of newly diagnosed

cases of IBD.

Costs of routine care versus active disease
management

Patients with quiescent IBD accounted for a total of 235

outpatient episodes (24% of the total), costing £17 155 (just

2.3% of total costs). Such patients may be suitable for

alternative follow up arrangements (for example, on demand

clinics or telephone consultations), with potential cost

savings for secondary care clinics. In the case of ulcerative

colitis, mean (95% CI) six month cost of care for quiescent

patients was £359 (£317, £469) compared with £765 (£646,

£978) for ambulatory patients suffering disease exacerbation

and £8861 (£5725, £15 076) for those whowere hospitalised

during the study time frame. Corresponding values for

Crohn’s disease were £275 (£235, £319) for quiescent

patients, £578 (£431, £701) for ambulatory patients suffering

disease exacerbation, and £5444 (£3894, £9242) for those

whowere hospitalised. Hence disease flare up was associated

with a 2—3-fold increase in six month costs for patients

successfully managed as an outpatient but a more than

20-fold increase in costs in the event of hospitalisation.

Postal survey
Questionnaires were returned by 233 patients (48%). There

was no difference between characteristics of responders and

non-responders (see table 4). IBD sufferers reported sig-

nificant interference with social activities, irrespective of the

severity of the disease or disease type. Median (interquartile

range (IQR)) lost days from “household and recreational

activities” in six months was 17 (8, 55) for colitis and 20 (9,

60) days for Crohn’s disease. Of this group of patients, 39%

were in current employment. Thirty two per cent of employed

ulcerative (or indeterminate) colitis sufferers reported loss of

“employment days”, with median (IQR) loss of earning over

six months being £239 (£119, £597). Fifty per cent of

employed patients with Crohn’s disease had some loss of
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“employment days”, with median (IQR) loss of earning over

six months being £299 (£119, £597).

Mean (range) for out of pocket expenses (travel expenses,

prescription charges, over the counter medications, extra

clothing, and others) per six months was £40 (£0-£520) and

£66 (£0-£750) for ulcerative colitis and Crohn’s disease,

respectively. The reported mean (range) of visits to the

general practitioner was 1.08 (0-8) and 1.33 (0-10) per six

monthsfor ulcerative colitis and Crohn’s disease, respec-

tively. At a unit cost of approximately £20 per consultation,

this amounts to an average cost of less than £30 per patient

per six months for primary carevisits.

DISCUSSION
The present study provides a cross sectional view of resource

use among IBDpatients attending a single centre. We believe

this is the most comprehensive available record of the costs

associated with IBD for the UK National Health Service.
Although there are obvious limitations to the external

validity of a single centre study, the characteristics of our

patient cohort are very similar to those described for other
parts of the UK in terms of demographics, crude incidence

and prevalence rates, disease severity and extent, and

hospitalisation rates.’ ***’ Clearly, practice patterns may vary
between different hospitals with respect to the use of specific

pharmaceuticals or surgical techniques, and some larger

tertiary centres will attract a patient population that is

skewed towards moreseverely afflicted individuals.

There are significant obstacles to studying the costs of

specific diseases in the UK. Diagnostic information is not

routinely coded for most ambulatory care episodes and there

is no requirement for recording of patient specific resource

use underthe current funding system. Hence our knowledge

of the stream of resources consumedby individual patients

with defined disease states is limited.

Costs of illness studies are inherently descriptive and do

not seek to provide direct information abouttherelative cost

effectiveness of different treatments or to test specific

hypotheses. Nevertheless, by identifying and quantifying

the relative contribution of different items andservices to the

overall economic burden of disease, such studies may provide

important insights into the potential cost impact of new

treatments or models of service delivery. Accurate primary

data are also an essential requirement for theoretical

modelling exercises if such techniques are to provide a

credible alternative to formaltrials that incorporate economic
end points.

As with costs of illness studies from other countries, we

used the prevalence approachto establish direct disease costs

based on a retrospective analysis of routinely collected data.

Weaimedto identify all patients with IBD who accessed any

form of relevant service at our centre during a fixed time

interval. We wished to avoid the limitations imposed by a

prospective patient capture design, which in practice results

in the study of a convenient sample of patients such as those

attendinga particularclinic. Ourcross referencing of multiple

data sources allowed usto capture patients accessing care for

a wide variety of purposes, including medical and surgical

clinics, diagnostic procedures, and inpatient episodes. This

included the full spectrum ofdisease, ranging from patients

requiring hospitalisation and surgery through to non-

consulting patients whose only contact with the hospital

might have been a routinely scheduled surveillance colonos-

copy.
Reference to the existing literature indicates that our

profile of UK resource use is very similar to that reported for

other healthcare systems. The proportion of total direct

healthcare costs attributed to hospitalisation (including

surgery) has been estimated at 58% in Sweden‘ and between

1477

55.8%’ and 57%* in the USA compared with 49% in the

present study. In agreement with these reports, only about

14% of our patient cohort were hospitalised during the study

period. Estimates of the contribution of drugs to the total

healthcarebill for IBD vary more widely, with a value of 24%

reported for Sweden’ (similar to our own data) but values of

just 3.5%* to 4.6% in North America. This probablyreflects
the proportionately higher costs of hospital care and

physician fees compared with drugs in the USA compared

with Europe. The potential impact of novel immunomodulat-

ing drugs (for example, anti-tumournecrosis factor therapy)

on the profile of costs for IBD remains to be determined. No

patient in our cohort received infliximab and our data

therefore provide vital baseline information about the costs
associated with established therapies for IBD.

A novel aspect of the present investigation is our

examination of the clinical determinants of costs of care for

IBD.A positive correlation between disease severity and costs

of illness was to be expected, particularly as we graded

disease severity by the intensity of medical treatment.

However, the present study is the first to illustrate and

quantify this relationship. A further novel aspect of the

presentanalysis is our examinationofvariation in costs with

disease extent. For both the main formsof IBD, average costs

correlated positively with increased disease extent. However,

this relationship was no longer apparent when disease

severity was taken into account, resulting from the fact that

disease extent waspositively correlated with disease severity.

We havecalculated the incremental cost of disease relapse

compared with routine care of inactive disease at our

institution, indicating that disease flares lead to a 2-3-fold

increase in healthcare costs for those patients who were

managed in an ambulatory setting. Hospitalisation led to a

more than 20-fold increase in costs compared with quiescent

disease. This reinforces the view that novel therapies capable

of maintaining remission or reducing the need for inpatient

care may prove cost effective despite their high acquisition

costs when compared with other drug therapies. In addition

to the obvious clinical benefits of minimising avoidable

disease relapse, active measures aimed at maximising patient

compliance with maintenance therapies may prove cost

effective (for example, via patient education or more active

specialist nurse supervision).

Wealso examined indirect costs associated with IBD by

meansofa cross sectional questionnaire survey. Between one
third and one half of employed IBD patients reported some

loss of work days during a six month period, similar to

reports from Europe* ” and North America.” *' In addition,

weestimated loss of time from household and recreational

activities, an impact of IBD that has not been previously

quantified. Our patients reported an average of 17-20 days of

disrupted social activities per six monthsas result of their

illness. We also examined the level of non-reimbursable out

of pocket expenses incurred by IBD patients. In the UK,

patients pay fixed prescription charges rather than the full

costs of medication such that the values for out of pocket

expenses may appear low in comparison with those patients

in other healthcare systems.

Based on our survey, the average frequency of consulta-

tions in general practice per six months wasjust 1.1 visits per

patient. This is similar to values quoted in previous UK

studies.” 7°?> This is half the average rate of outpatient

consultations in secondary (hospital) care, indicating that

these diseases are managed largely in the secondary care

setting in the UK.Inclusion of primary carevisit costs to our

costs of illness estimates would have added approximately

£30 per patient per six months to average costsof care.

In conclusion, the present study provides a uniquely

detailed description of costs ofillness for IBD in the setting

www.gutinl.com



Downloadedfrom gut.bmjjournals.com on 30 November2005

1478

of the UK healthcare system. We confirm the major

contribution of hospitalisation costs to the overall economic

burden of these diseases and have quantified the economic

impact of disease relapse. These cost data will assist future

economic research into the cost effectiveness of rival

therapies and managementstrategies for ulcerative colitis

and Crohn’s disease.
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Introduction

Abstract

Rationale, aims and objectives Analysis of cost data is important in pro-
viding reliable information to aid budgeting decisions. Certain features of

cost data, such asits typically highly skewed distribution and the need to

estimate arithmetic meancosts in order to allow inferences to be made on
total costs, make it difficult to analyse. Multivariable regression analysis is

useful for estimating the influence of explanatory variables oncost in order

to predict costs of future patients and allows for the control of variables

whichinfluence cost but whose distributions differ between comparison

groups. This is especially important in the case of observational studies,

where there may be no control over the balance of characteristics between

the comparison groups. Method This paper compares the appropriateness

of various multivariable models of cost data by examining regression

diagnostics, using as an example data collected on costs incurred in the

treatmentof inflammatory bowel disease. The models compared are normal

and bootstrapped multiple linear regression, median regression, gamma

model with the log link and normallinear regression (NLR) oflogcosts.

Results Gamma modelling with the log link was found to be the most suit-

able model. Conclusions Bootstrapping was found to makeverylittle dif-

ference to conclusions from the NLR model.

costly treatment and will therefore accountfor a dis-

proportionate amountofthe costs (Everitt & Pickles

Analysis of cost data is important in providing

reliable information about the overall cost to the

National Health service (NHS) of a particular medi-

cal condition as well as relative costs of treatment

options. However, certain typical features of cost

data makeit difficult to analyse. Cost data are typi-

cally found to be positively skewed, as most patients

will undergo routine treatments and have roughly

similar costs, but a small proportion of patients with

complications or severe disease require additional

76

1999). The variance of cost data is typically not con-
stant and is usually found to be proportional to the

square of the mean (Blough et al. 1999). In other

words, the data have a constant coefficient of varia-

tion, o/u, where o is the standard deviation and p the

mean.

As economic evaluations need to provide informa-

tion about overall costs of resource use, analysis of

cost data must focus on thetotal cost of treatingall

patients with the disease. This is achieved by estima-

© 2006 Blackwell Publishing Ltd
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tion of the arithmetic mean cost of treatment, which

can then be multiplied by the total number of
patients in a particular setting to give an estimate of
total costs (Thompson & Barber 2000). However, the
typically non-normal natureof cost data maylead to
violations of assumptions requiredfor the calculation
of arithmetic mean costs using methods based on
the normaldistribution. Briggs & Gray (1998) and
Thompson & Barber (2000) discuss commonalterna-
tive methodsof analysis, namely the use of transfor-
mations to normalize the data and standard non-
parametric methods. These are both considered inap-
propriate when dealingwith cost data as they do not
focus on arithmetic means, and instead the use of

the non-parametric bootstrap is advocated by these

authorsfor estimatingvariability in the face of highly

skewedcosts.

Incomplete, or censored, costs present a problem

in the analysis of cost data. Previous analyses of
cost data have involved costs measured over some

defined period which maydiffer for individuals in the

study, such as the costs incurred from randomization
till end of follow-up in a randomized controlledtrial

(Thompson & Barber 2000) orthelifetime costs of

treating a terminal disease (Lin et al. 1997). Censored

costs owing to loss to follow up may occur in such

studies. Standard survival techniques, which treat

censored costs as though they were censoredsurvival
times, are not generally valid. This is because the

assumption of independentcensoring is not usually
met, as the total costs at censoring and at the end of

the study period are likely to be highly positively cor-

related (Diehr etal. 1999). Special survival methods

for dealing with such censored data have been devel-

oped,for examplefor the analysis ofcosts in treating

ovarian cancer by Lin et al. (1997). These methods

are, however, only appropriate when interest lies in

estimating lifetime costs and censoring occursonly as

a result of study termination, rather thanloss to fol-

low up.In this case, follow up until death allowslife-

timecosts to be estimated, and therefore death does

not lead to censoring.

In short-term observational studies carried out

over afixed time period, censored costs are an even

greater challenge, as they may be caused byloss to

follow up as well as incident cases of disease occur-

ring after the start of the study. Standardization of

costs, which involvesscaling costs up to estimatetotal

costs that would have been incurredif all patients
had beenfollowedup for the entire study period, can
lead to misleading results, as those followed up for
short amounts of time may be an unrepresentative
sample (Diehr etal. 1999). For example, a newly
diagnosed patient with short follow-up may have a
high initial use of resources. Standardization of such
short-term costs could lead to overestimation of the
true costs that would have beenincurredoverthe full
studyperiodbythese patients. This may be overcome
by including length of follow-up as a covariate in the
analysis, but if standardized costs are considered to
be biased, it may be more appropriate to include only
those patients with complete follow-upin the analy-
sis, leading to a reduced samplesize.

An argument can be madefor including censored

costs caused by death in a complete case analysis
in their unstandardized form. If studying a chronic
condition, however, deaths should be rare and

therefore should not greatly affect the results. If
prevalent cases with incomplete follow-up for rea-
sons other than death are also relatively rare, and

one could assume that such data were missing at

random (which may be reasonable, if data on

resource use are collected routinely), they could be
excluded from the analysis without introducing bias.
Analysis of incident and prevalent cases separately,

and complete case analysis, removes the need for

standardization.

The decision of whether or not to include un-

standardized costs depends on the question being

answeredbythe analysis.If, for example, the analysis

aims to estimate the average 6-month cost for prev-

alent surviving patients, only complete cases would

be included in the analysis. This would remove the

need to incorporate information about incidence,

loss to follow up or death rates when generalizing

results to othersettings. If however,the aim isto esti-

mate the averagecost to the particular NHSinstitu-

tion per patient over a 6-month period,all costs

should be included in the analysis. If patients were

lost to follow up because they movedoutof the area,

or died or had censored costs because they were

newly diagnosed, this average wouldstill accurately

reflect the cost to that NHSinstitution.

Cooketal. (2004) discuss several design issues and

approachesin the analysis of costs when economic

endpoints are consideredin clinicaltrials. In the case
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of observational studies, however, where there may

be no control over the balance of characteristics

between the comparison groups, it may be important

to adjust the analysis for variables which influence

cost but whose distributions differ between compar-

ison groups. Multivariable regression analysis is use-

ful for controlling for, and estimating the influence

of, explanatory variables on cost in order to predict

costs of future patients. The assumptions of any

multivariable model used to analyse cost data must

be considered, as ignoring the violation of these

assumptions can lead to incorrect conclusions being

drawn from regression analyses. The aim of this

paper is to compare the appropriateness of several

methods of multivariable regression analysis of cost

data, using as an example data collected on costs

incurred in the treatment of inflammatory bowel

disease (IBD).

Methods

Example: cost of secondary care for patients with

inflammatory bowel disease

A study wascarried out at University Hospital Ain-
tree, Liverpool, UK in order to quantify costs asso-

ciated with secondary care for patients with IBD

(Bassi et al. 2005), which is the collective term for

ulcerative colitis and Crohn’s disease. The crude

prevalence (incidence) rates of ulcerative colitis and

Crohn’s disease, estimated from our cohort and the

community served by this hospital, are 153 (19) and

97 (8) per 10° respectively. The severity of these

diseases varies from temporarily asymptomatic to

life threatening, and althoughrelatively uncommon,

these chronic diseases may however require exten-

sive medical and surgical intervention over several

decadesof disease.

Aspreviously reported (Bassiet al. 2005), informa-

tion was collected on the resource use of 479 patients

who had received any form of hospital service for

IBD overa predefined 6-month time period (July to
December, 2000). This included both ambulatory

patients (who had attended the hospital clinics or

various departments for outpatient tests) and hospi-

talized patients (who had required admission to hos-

pital at some point during the study period). Their

resource use over the 6-month period was obtained

from their clinical records, and recorded under the

following categories: outpatient services, inpatient

services, surgical services, investigations and medica-

tion. Each resource item was assigned a unit cost

estimated from the perspective of the UK National

Health Service, and therefore obtained from the

NHSnational reference costs, Personal Social Ser-

vices Research Unit (Netten et al. 1999/2003) or local

sources.

In order to examine the correlation between cost

and demographics, disease type and clinical vari-

ables, information wascollected on factors including

age, disease group (ulcerative colitis or Crohn’s dis-

ease), severity of disease and hospitalization for each

patient. These variables were considered to be of

interest in order to allow future predictions ofcosts,

even if the demographics of the patient population

were to change. Hospitalization indicates whether

the patient was hospitalized at any time during the

study period, and the maximum disease severity for

each patient over the 6months was used in the
modelling.

Only patients with uncensored costs, that is,

prevalent survivors with complete follow up, were

includedin the analysis. It was decided that inclusion

of standardized costs for incidence cases with less

than 26-week follow up would bias results, and the

effect of excluding patients who died or werelost to

follow up was considered to be minimal, given that

the proportion of such patients was very small. By

including only prevalentcases with full follow up, the

analysis was estimating the average 6-month cost per

survivor, and results could be generalized to other

settings without needing to make assumptions about

incidence,loss to follow up or death rates.

Multivariable analysis

Normallinear regression of untransformed and

log transformed costs

Multivariable models used to analyse cost data need

to provide estimates of arithmetic meancosts, and as

a result, normal linear regression (NLR) has been

used in the past, despite violation of assumptionsof

normality and homoscedasticity (constant variance

for all fixed combinations of covariates) (Diehretal.

1999).
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Normal linear regression of untransformed costs

(Hardin & Hilbe 2001):

y ~ Normal(,0”), E(y) = xB

The use of the logarithmic transformation helps to

normalize costs and stabilize variances (Myerset al.

2001) and therefore linear regression of log trans-

formed cost data is another possible method for

multivariable-analysis of skewedcost data,if the data

can be assumed to be log normally distributed.

(Throughoutthis paper, use of the term ‘log’ refers to

the natural logarithm.) However,linear regression of

log transformed costs models the expected mean of

the log cost, rather than the log of the expected mean

(Manning & Mullahy 2001), and exponentiation back

to the natural scale results in a biased estimate of the

intercept. It is possible to obtain an unbiasedesti-

mate of the intercept using a suitable retransforma-

tion bias correction factor (Diehret al. 1999). If Y is

log-normally distributed, that is, In Y ~ N(u,o0°), then

E(Y) =exp(u+07/2) (McCullagh & Nelder 1989).

Hence if the assumption of log-normality holds, the

appropriate retransformation factor is exp(o’/2),

where o is equal to the root mean square error

(RMSE) from the regression model.

Normallinear regression of log transformed costs

with normalbias correction factor (Hardin & Hilbe

2001):
aed

In(y) ~ Normal(1,67), E(y) = exp{SJexp(a)

(6 = RMSE)

Otherwise a non-parametric factor can be applied,

such as Duan’s smear (Duan 1983), which is equal to

the mean of the exponentiated (log scale) residuals

from the linear regression of log costs. NLR of the

log transformed costs from the IBD example was

carried out, followed by exponentiation of the

coefficients and application of each of these retrans-

formation bias correction factors to the intercept in

turn, to obtain unbiased estimates of costs on the

naturalscale.

Normallinear regression of log transformed costs

with Duan’s smear bias correction factor (Hardin &

Hilbe 2001):

In(y) ~ Normal(u,67),

n
Ely exp(xB)

Bootstrap methods

The non-parametric bootstrap is a technique foresti-

mating the variability of a statistic without the need

to make any distributional assumptions about the

data, requiring only that the data are independent

and identically distributed (Davison & Hinkley

1997). Independent random sampling with replace-

mentfrom the original data set is carried out to cre-

ate simulated samples of the samesize as the original

data set, and the statistic of interest is recalculated

for each new sample. Thedistribution of these recal-

culated statistics is used as an empirical estimate of

the unknowntrue sampling distribution of the statis-
tic, in order to construct confidence intervals and

carry outsignificancetests. It has been suggested that

bootstrapping could be used to check the validity of

the underlying assumptions of parametric methods

and thereforethe reliability of results from paramet-

ric tests (Briggs & Gray 1998; Thompson & Barber

2000).

The bootstrap estimates of the statistic of interest

are used only to estimate the sampling distribution,

that is, the variability, of the statistic rather than the

statistic itself. It may seem optimal to use the meanof

the bootstrappedstatistics as an estimate for the sta-

tistic, but if the original estimate is biased in any way,

this will in fact lead to an increase in bias (Efron

1982). Although it is possible to estimate this bias,

this is done with an indeterminate amount of random

error. Therefore, the original estimate is still quoted

as the point estimate even wheninferences aboutits

variability are made using the bootstrappedstatistics.

Thompson & Barber (2000) suggest that bootstrap

multiple regression methodscan be used to construct

models that adjust for covariates and predict costs in

observational studies but did not actually examine

this approach.In this investigation, bootstrap multi-

ple regression with robust standard errors was also

carried out to see how bootstrapping affected stan-

dard errors and hencethesignificance of predictors.

Modelling with robust standard errors allows relax-

ation of the assumption of homoscedasticity of

errors, and may be more appropriate given the com-

monheteroscedastic nature of cost data. Significance

tests for predictor variables required programming,

making use of the bootstrap commandin Stata and

the theory provided by Davison & Hinkley (1997).
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2000 resamples were taken for each significance
test and details of the formulae used are given in
Appendix1.

Medianregression (StataCorp 2003)

E(y)=xB, with }'li|=)oly; -E(y,)| minimized
with respectto B

Medianregression, which estimates median (rather
than mean) cost dependent on the predictor vari-
ables, was included in the comparison of methodsas
it was of interest to investigate the effect of the pos-
itive skew on estimated means compared to median
values. However,it is recognized that this form of
modelling wouldnotbe useful in practice, given the
requirementfor results to be in terms of the arith-
metic mean.

Generalizedlinear modelling using the gamma
distribution andlog link

Generalized linear modelling, an extension of ordi-
nary least squares regression allowing a generaliza-
tion of the response distribution to other membersof
the exponential family (such as Poisson, gamma and
the binomial distributions) and a description ofthe
variance as a function of the mean, has been intro-
duced as another method of modelling cost data
(Blough et al. 1999; Manning & Mullahy 2001). The
gammadistribution has been found to be appropriate
for the analysis of cost data, as it assumes that the
data have a constantcoefficient of variation, whichis
often found to be the case with cost data. Although
the gamma model mayincorporatea reciprocal, log
or identity link, the log link is commonly used when
analysing cost data, as it guarantees non-negative
outcomesandhasa close connection to the logarith-
mic transformation of data (Myerset al. 2001). The
advantage of using the log link rather than the log
transformationis that the formerretainstheoriginal
scale of the data and therefore requires no
retransformation.

Gammadistribution with log link (Hardin & Hilbe
2001):

y ~ Gamma(1,9), In{E(y)} =xB

Diagnostics

The following models were compared: NLR on un-
transformedandlog transformed data, bootstrapped

linear regression with robust standard errors, median
regression and the gamma model with log link. As
the models were derived on different scales (natural
and log) and assumeddifferent error distributions,it
would be meaningless to compare the usual measures
of goodness-of-fit, such as the deviance. Instead two
measurescalculated on the natural scale, the RMSE
and the mean absolute error (MAE) were compared
to assess which models werebestfitting. The RMSE
is equal to the squareroot of the mean ofthe differ-
ences betweentrue and predictedcosts, and thus the
model with the lowest RMSE best predicts mean
costs. The MAEis equal to the meanofthe absolute
differences betweentrue andfitted costs, thus deter-
mining which model best predicts median costs. In
order to use the RMSE and MAEtoassess model fit,
the original sample was randomlysplit into two parts,
with twothirds of the original sample being used as
the model derivation subset and one third as the
validation subset. RMSE and MAEwerecalculated
from predictions obtained byfitting to the validation
subset the model obtained from the derivation
subset. The calculation of RMSE and MAE was
repeated after randomlysplitting the sample into two
equal parts for the model derivation and validation
subsets, to check that similar results were seen when
more data were madeavailable for validation, given
that the extremecostsare sorare.

Although non-parametric bootstrapping makes no
assumptions aboutthe underlying distribution of the
data, the use of bootstrappedlinear regressionis pre-
ferred when errors are approximately normal and
homoscedastic (Davison & Hinkley 1997). There-
fore, when assessing the quality of fit of a NLR
obtained using non-parametric bootstrapping, it is
important to check for outlying residuals and non-
normalerrorsusing the usual diagnostics appropriate
for a linear regression,as the bootstrap linear regres-
sion will be inefficient if there is evidence of
heteroscedasticity or non-normality of errors.

In the case of the gamma model, the inspection of
the raw residuals is not an appropriate diagnostic
tool, as the varianceof costs is not assumedto be con-

stant. Instead McCullagh & Nelder (1989) recom-
mend the use of deviance residuals for generalized
linear models. Plots of the deviance residuals against
fitted values transformed to the constant variance
scale were used to check for heteroscedasticity, and
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normal probability plots of the deviance residuals

allowed assessmentof normality. For gamma models,

the transformation to constant variance is 2log(pre-

dicted cost).

Results

Four hundred andthirty-three (90%)of the patients

were prevalentcasesatthe start of the study period,

and of these only seven had incomplete follow up

(three owing to death and four becauseofloss to fol-

low up). Therefore, 426 (89%) cases were included in

the analysis.

Figure 1 displays the distribution of total costs

in this group of 426 patients. The costs are highly

skewed, with a mean (median) of £1403 (£506), and

range between £73 and £29167. Figure 2 displays
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Figure 2 Evidenceof approximately constant coefficient

of variation (o/1) when data are split into diagnosis and

10-year age subgroups.

mean costs vs. standard deviation when the total

costs were groupedinto 10-year age groups(<30, 31-

40, 41-50, 51-60, 61-70, >70) for the two diagnoses

(ulcerative colitis and Crohn’s disease) separately,

displaying what seems to be an approximately con-

stant coefficient of variation.

The bias correction factors for the NLR of log

transformed costs derived using Duan’s smear and

the assumption of normality of log costs are very sim-

ilar (1.171 and 1.174, respectively), suggesting that

the log-normal approximationis valid for these data.

Figure 3 shows a histogram of the log-transformed

costs, which appear to be approximately normal

although slightly skewed (coefficient of skewness

= 0.83) and rather leptokurtic, or peaked with heavy

tails (coefficient of kurtosis = 4.02).

Table 1 displays the significance levels of the fol-

lowing four variables when used to predict costs:

ambulatory/hospitalized variable (baseline category

ambulatory), severity (categorical variable with
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Figure 3 Distribution of log costs.

Table 1 Significance levels of included covariates

 

Covariate
 

Hospitalized Severity Diagnosis Age
 

NLR <0.001 <0.001 0.009 0.024

Robust NLR <0.001 <0.001 0.013 0.061

Bootstrap <0.001 <0.001 0.018 0.080

Log NLR <0.001 <0.001 0.001 0.658

Gamma <0.001 <0.001 0.019 0.291

Median <0.001 <0.001 <0.001 0.797
 

NLR,normallinear regression.

© 2006 Blackwell Publishing Ltd, Journal of Evaluation in Clinical Practice, 12, 1, 76-86 81



S. Doddetal.

 

seven categories: remission (baseline category), mild

disease, severe disease — drug responsive, severe dis-

ease — drug dependent, severe disease — drug refrac-

tory, surgery and post surgical remission), diagnosis

(baseline category Crohn’s disease vs. ulcerative

colitis) and age.

In all models, hospitalization and severity of
disease are highly significant predictors of costs

(P <0.001). Models vary in the significance of age

and,to a lesser extent, diagnosis, with P-values in the

6 models varying from 0.024 to 0.797, and from

<0.001 to 0.019 respectively.

The significance levels from the NLR with robust

standard errors are included to compare with the

bootstrap linear regression, as robust standard errors

are used with the bootstrapping (to allow for het-

eroscedasticity in the data). The P-values from the

robust NLRareslightly larger than those from stan-

dard NLRas robust standard errors allow for het-

eroscedasticity. The bootstrap standard errors and

therefore P-valuesare largerstill as no assumptions

are made about the model.

This similarity of significance levels between the

median and NLRofthe log transformed costs may be

due to the normalizing effect of the log transforma-

tion, which leads to a meanvalue of the data on the

log scale that is close to the median onthe log scale

(i.e. the log of the median of the untransformed

data). In this example the mean of the loggedtotal

costs is 6.35, whichis similar to the log of the median

of the total costs, In(506) = 6.22.

Figures 4-7 display residuals vs. fitted values

(transformed onto the constantvariancescale for the

gamma models) for each of the five models. The

residuals from the normal and bootstrapped linear

regression are the same, as bootstrapping only alters

the significance and not point estimates of coeffi-

cients in the model. The heteroscedasticity and large

residuals evident in Figure 4 show how the normal

(and therefore bootstrapped) linear regression

modelis a poorfit. Figures 5 and 6 showthatthe re-

siduals from the gamma modelandlinear regression

of log costs are randomly scattered and the majority

lie within the (—2,2) range, indicating goodfit. The re-

siduals from the median regression model (Fig. 7) are

large and highly heteroscedastic. These residual plots

suggest that the gamma model and NLRoflog trans-

formed data are possible models for such highly
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skewed data. Normal probability plots of the re-

siduals support these conclusions.

Table 2 displays evidence of goodness-of-fit for

each model in terms of RMSE and MAEwhen two

thirds of the data set was used for model derivation

and one third for validation. Very similar results to

these were seen when the data set was split equally

into derivation and validation subsets. The bestfitting

model, in terms of both RMSE and MAE,is the

gammalog link model.

Summarystatistics about the model predictions

are given in Table 3. The normal linear model of un-

transformed costs and the median regression model

can both becriticized for predicting negative costs.

The spread in the fitted costs from all modelsis less

than that of the actual costs, with all models proving

inaccurate in predicting extreme costs, particularly

high costs. This is evident in Figure 8, where the dif-

ference between actual and predicted costs from all
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median regression.

Table 3 Summarystatistics for model predictions

models are plotted against total costs for those

greater than £12 000. Although the extremecosts are

being grossly underestimated, the data in the tail are

sparse so the underestimation should not unduly

affect the overall mean. The normal linear model of

untransformed costs models the true arithmetic
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Table 2 RMSE and MAE when model derived from model

derivation subsample is used to predict costs in

validation subsample

 

 

Model RMSE MAE

NLR 1333.57 749.52

Log NLR

Duan 1005.19 458.55

Normal 1011.41 461.44

Gamma 962.01 437.18
Median 1091.13 525.62
 

RMSE, root mean square error; MAE, mean absolute error; NLR,

normallinear regression.

 

 

Model Mean SD Median Minimum Maximum

Actual 1402.94 3024.91 506.34 73 29 166.52

NLR 1402.94 2609.77 615.11 —666.56 12 580.47

Log NLR

Duan 1449.11 2793.87 533.13 130.86 14 871.47

Normal 1452.33 2800.07 534.31 131.15 14 904.46

Gamma 1401.17 2623.44 524.04 147.71 13 917.78

Median 1189.83 2157.89 472.76 -10.07 10 246.55

 

SD, standard deviation; NLR, normallinear regression.
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mean, and the mean from the gammalog link model

only underestimates the true arithmetic mean by

1.77.

Discussion

This paper aimed to compare methods of multivari-

able regression analysis of cost data, using as an

example data collected on costs incurredin the treat-

ment of IBD. The five models that were compared

were NLR on untransformed and log transformed

data, bootstrapped linear regression with robust

Standard errors, median regression and gamma

regression with log link.

The gamma modelwith log link seemed to be the

bestfitting modelfor the highly skewedcostdata pre-

sented in this paper as it led to randomly scattered

normally distributed deviance residuals, and the

meanpredicted cost from this model (1401.17) was

very close to the actual mean cost (1402.94). This is

an important factor to consider, as the analysis of

cost data must focus on thetotal cost of treatingall

patients with the disease, andthis is achievedbyesti-

mation of the arithmetic mean cost of treatment.

Hence models that over- or underestimate mean

costs will lead to biased estimates of total costs which

will in turn affect budgeting decisions. Also, when the

original sample was randomlysplit into two and the

model derived using thefirst subsample was used to

obtain fitted values for the data in the second sub-

sample, the gammalog link model gave the lowest

RMSE,the square root of the mean of the differ-

ences between true and predicted costs, suggesting

that this model best predicted meancosts.

There were three deaths during the 6-month study

period, two of whom wererelated to IBD. Thecosts

for these patients were £9402 (death unrelated to

IBD), £12 011 and £33 254. Including these costs in

the gammaloglink analysis resulted in almost iden-

tical coefficient estimates and significance of the

covariates.

Normal linear regression of log transformedcosts

also resulted in a well-fitting model, although both

formsof the regression(i.e. using the non-parametric

and normal bias correction factors) overestimated

the mean cost somewhat. The fact that the bias cor-

rected intercepts differed only by 0.003 is evidencein

supportof the validity of the lognormaldistribution

for this data. However, this may not be the case for
all cost data sets.

Median regression estimates median rather than

mean costs and consequently underestimated the

meancostof this highly skewed data set. NLR of un-

transformed costs was highly unsuited to the non-

normal and heteroscedastic nature of the cost data

and led to negative predictions of costs. There
appears to be further evidence of model misspecifi-

cation in the case of NLRfromits contrasting signif-

icance of age comparedto the other models, whichis

caused by the disproportionate skew on the mean

caused by the largest cost, £29 167, incurred by a

patient aged 74. If this patient is excluded from the

analysis, age is no longersignificant (P= 0.11). The

significant effect of diagnosis on costs seen in all

modelsis plausible, given that although the two diag-

nosis groups do notdiffer significantly in their costs

at a univariate level of analysis, they differ markedly

in their hospitalisation and severity profiles. Once

these highly significant variables are accountedfor in

the model, the difference in average cost per patient

between the diagnosis groups becomessignificant.

The use of bootstrapping to estimate significance

levels of predictor variables in NLR of such highly
skewed data did not improve modelfit, as boot-

Strapping is useful only for inferential statistics and

not for estimating parameters in the model. Others

have expressed doubts about the use of bootstrap-
ping in cost data analysis. O'Hagan & Stevens

(2003) argue that, although the use of bootstrap

methods to analyse cost data may be valid, it will

tend to produce very similar results to those based

on assumptions of normality (as was seen in this

comparison), even in the presence of highly skewed

data. They suggest that, rather than relying on boot-

strapping as a simple non-parametric method, more

robust results will be obtained by actually modelling

the skewness in the data, that is, by using approxi-

mately appropriate models for the data (such as the

log-normal or gamma distributions used in this

example).

In this example none of the models were accurate

in predicting extreme costs. The patients with very

large costs varied in age and wererelatively equally

split between diagnosis groups, butall were hospital-

ized and had surgery or severe disease. It would

appear that these variables did not sufficiently
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explain large costs in the model. The unexplained
heterogeneity could either be a result of missing
important covariates from the modelorof an inade-
quate categorisationof severity of disease. However,
the mean cost wasestimated well, especially by the
gamma log model, so that total costs would be also
well estimated.

Such rare but very large costs disproportion-
ately influence total costs and hence budgeting
decisions, but the Sparseness of extreme costs
makes accurate modelling difficult. Further work
is required to investigate whether application of
other statistical methods, such as extreme value
theory, heavier tailed distributions or frailty model-
ling, would more accurately predict these extreme
costs that make the analysis of cost data such a
Statistical problem.
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Appendix 1: Significance test for predictor
variables in bootstrapped normallinear
regression (Davison & Hinkley 1997)

If Y=XB+e=X,a+Xiy+e and we wish to test
Hy: y=0, take B bootstrap samples using non-
parametric sampling, and for each new sample,fit
the normal linear regression with robust standard
errors.

Tet ~
Caleulate Z = (Y-¥) tealCt Y)

where ¥ = estimated coefficients from original sample
y=estimated coefficients from bootstrap

sample

’

Hy = Xo(XEXo)~ Xd and X10 = (1 = Hy)X; from

bootstrap sample

S’=residual mean square from bootstrap
sample.

VT (XT X10 )¥Theteststatistic value is z) = YRioXro)¥
s

where¥ = estimated coefficients from original sample

Hy = Xo(X$X)Xd and Xi» = (1 — Hy)X; from
original sample

s’ = residual mean square from original sample.

~ #{|Z|> 1
The P-value is given by Ppoor =FUN

lh

+1
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