
 
Cost consequences analysis of physiotherapy in the 

management of hip or knee osteoarthritis 
 

 

 

Daniel Pinto, DPT, MS 

 

 

 

A thesis submitted for the degree of  

Doctor of Philosophy 

at the University of Otago, Dunedin, 

New Zealand 

 

 

December 5, 2011 

 

  



	  

 
 

iii	  

List	  of	  publications	  from	  this	  thesis	  

Publications from thesis in peer-reviewed journals 
 
Pinto D, Robertson MC, Hansen P, Abbott JH. 2011. Good agreement between 
questionnaire and administrative databases for health care use and costs in patients 
with osteoarthritis. BMC Med Res Methodol, 11, 45. 
 
Pinto D, Robertson MC, Hansen P, Abbott JH. 2011. Economic evaluation within a 
factorial-design randomised controlled trial of exercise, manual therapy, or both 
interventions for osteoarthritis of the hip or knee: study protocol. BMJ Open. 
Doi:10.1136/bmjopen-2011-000136. 
 
Pinto D, Robertson MC, Hansen P, Abbott JH. 2012. Cost-effectiveness of non-
pharmacologic, non-surgical interventions for hip and/or knee osteoarthritis: 
systematic review. Value Health. 15, 1-12. 
 
Conference publications from thesis 
 
Pinto D, Robertson MC, Garcia J, Hansen P, Abbott JH. Capturing data on health 
care use and costs for patients with osteoarthritis: agreement between a patient-
completed questionnaire and administrative records. ISPOR 15th Annual International 
Meeting, May, 2010, Atlanta, USA. 

• Finalist Poster Award. 

Pinto D, Robertson MC, Garcia J, Hansen P, Abbott JH. Can participants be trusted 
sources for valuing health resource use in economic evaluation studies? APTA 
Combined Sections Meeting 2010. February, 2010, San Diego, USA. 

• Best Research Platform Presentation for the Section on Health Policy and 
Administration. 

Pinto D, Robertson MC, Garcia J, Hansen P, Abbott JH. Identifying and valuing 
health resource use in economic evaluation studies. Can participants be trusted 
sources? Proceedings the 198th Scientific Meeting of the Otago Medical School 
Research Society: July, 2009. NZMJ. 2009; 122(1299), Dunedin, New Zealand. 
 
Pinto D, Robertson MC, Abbott JH, Hansen P. A systematic review of economic 
evaluations for the conservative, non-pharmacologic management of hip and/or knee 
osteoarthritis. The Australian Physiotherapy Association. October, 2009, Sydney, 
Australia. 
 
Pinto D, Robertson MC, Abbott JH, Hansen P. Cost-effectiveness of manual therapy, 
exercise, and manual therapy and exercise combined for the management of 
osteoarthritis of the hip and knee. The 33rd Annual Meeting of the Society for 
Medical Decision Making. October, 2011, Chicago, USA. 
  



	  

 
 

iv	  

Abstract	  

Osteoarthritis (OA) is a major source of pain and morbidity, and is responsible for a 

substantial economic burden worldwide. International guidelines recommend 

conservative treatments such as exercise and physiotherapy as first-line interventions 

when managing patients with hip or knee OA; however, little is known about their 

value for money.  

 

The objectives of this research were to: 1) assess the cost effectiveness of 

conservative treatments for OA by performing a systematic review of the literature; 

2) develop and validate a questionnaire that collects data on health resource use and 

costs in patients with hip or knee OA; and 3) investigate the cost effectiveness of 

three physiotherapy programmes for the treatment of hip or knee OA.  

 

The systematic review assessed the current evidence for the cost effectiveness of 

conservative interventions in the management of hip or knee OA. Of 11 studies 

included, five satisfied the criteria for high quality. The best value for money 

intervention appears to be group exercise led by a physiotherapist. 

 

The Osteoarthritis Cost and Consequences Questionnaire was developed to collect 

OA-related health resource use and cost data and was validated against four 

administrative databases (n=50). Acceptable sensitivity (range 44%-100%) and 

specificity (range 59%-100%) levels were found for most health services. The 

numbers of visits ρc = 0.41 (95% CI: 0.19, 0.64) and medications ρc = 0.63 (95% CI: 

0.42, 0.78) and total cost estimate ρc = 0.997 (95% CI: 0.996, 0.999) derived from the 

questionnaire agreed with database records. 

 

The economic evaluation was performed alongside a randomised controlled trial 

(n=206) investigating the effectiveness of three interventions relative to usual care. 

The analysis perspectives were from the New Zealand health system and society. As 

a cost consequences analysis, it included the quality-adjusted life year (QALY) as an 

economic endpoint, and disease-specific measures as clinical endpoints at one year. 

Willingness-to-pay thresholds of 1-3 × New Zealand’s GDP per capita were used to 

define value for money. Six sensitivity analyses were performed. 
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Each treatment gained incremental QALYs (each relative usual care); this was 

significant for exercise therapy, 0.026 (95% CI: 0.010, 0.042). From the New 

Zealand health system perspective costs were higher across all treatment groups. 

Exercise therapy was the only treatment to produce an incremental cost per QALY 

under 2 × GDP per capita (2009 New Zealand dollars) of $44 058 (95% CI: −70 885, 

194 558). From the societal perspective, manual therapy was cost saving and best 

value for money. For the majority of scenarios considered, exercise therapy was more 

cost effective than usual care and combined therapy was only cost effective for 

participants who did not receive joint replacement surgery during the trial. Each 

respective therapy showed a higher probability of being cost effective relative to 

usual care when clinical versus economic outcomes were considered, and for 

participants not receiving joint replacement surgery during the trial. 

 

The findings from this thesis contribute to current knowledge in multiple disciplines 

including the economic evaluation, health services research, OA, and physiotherapy 

literature. Conclusions from this body of research help fill gaps in the literature and 

answer calls from clinical guidelines to assess the cost effectiveness of complex 

physiotherapy programmes in treating patients with hip or knee OA. 
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Preface	  

Hip and knee osteoarthritis (OA) are significant contributors to the poor health of 

many older people worldwide (WHO, 2003, March and Bachmeier, 1997) and are 

considered to be the most serious musculoskeletal disorders from a public health 

viewpoint (Bijlsma and Knahr, 2007, Dawson et al., 2004). Pain is the main symptom 

for both hip and knee OA and is the most common determinant of medical care 

(Bijlsma et al., 2011, Dominick et al., 2004). In population studies of the older adult 

population, approximately 40-50% reported hip or knee pain (Quintana et al., 2008 , 

Dawson et al., 2004).  

 

OA has recently been recognised as a source of substantial economic burden on 

individuals and society (Buckwalter and Martin, 2006, WHO, 2003, NICE, 2008, 

Reginster, 2002). In western nations, the OA-related economic burden accounts for 

an estimated 1-2.5% of gross national product (Reginster, 2002). The burden of OA 

on society is expected to rise as a result of an increase in the world’s elderly 

population and a rise in obesity levels (Felson, 2009). Due to the large burden of 

disease and associated costs of treatment, the effective management of hip and knee 

OA is a priority for WHO (WHO, 2003) and national rheumatology associations 

(Pfleger, 2007). 

 

A consequence of the increased prevalence of hip and knee OA is the rise in its 

associated demand for health care. Increased demand, combined with limited 

resources, forces difficult decisions upon society, which must determine the 

treatments that merit funding. A basic tenet of health economics, and for most 

individuals one that is axiomatic, is that these funding choices should result in the 

maximisation of health benefits within a given budget. The economic evaluation 

framework enables transparent decision-making with respect to the funding of health 

services for OA. Where possible, the cost effectiveness of treatments should be 

determined and compared. This information is of great importance to decision-

makers including individuals, clinicians, and health care funders who are concerned 

with obtaining the greatest value from society’s scarce health care resources.  
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A range of interventions are available for treating OA, many of which attempt to 

prevent pathological changes and reverse joint deterioration; however, disease 

modifying treatments have failed to alter the progression of OA (Felson, 2009). 

Successful approaches in the management of hip and knee OA include joint 

replacement surgery, pharmacologic interventions targeting pain and inflammation, 

and conservative (rehabilitation) strategies (NICE, 2008, Zhang et al., 2008, Felson, 

2009). National Institute for Health and Clinical Excellence (NICE) guidelines for the 

management of adults with OA and the Osteoarthritis Research International 

(OARSI) recommendations for the treatment of hip and knee OA are two of many 

guidelines for the management of OA (NICE, 2008, Zhang et al., 2008). The OARSI 

recommendations are noteworthy because they are a synthesis of multiple regional 

guidelines, while the NICE recommendations incorporate cost effectiveness findings 

into clinical recommendations. Both guidelines acknowledge the effectiveness of 

joint replacement surgery, but advocate the use of conservative treatments prior to 

surgical interventions.  

 

Pharmacologic treatments are recommended by both guidelines; however, 

complications with medications have left many individuals seeking alternatives with 

fewer adverse side effects (Ratcliffe et al., 2004). Although both guidelines 

recommend exercise as a primary intervention, other conservative interventions, such 

as manual physiotherapy, are either not included (Zhang et al., 2008) or are 

considered adjunctive treatments based on low levels of evidence (NICE, 2008). A 

systematic review of the literature identifying the cost effectiveness of conservative 

interventions would enable decision-makers to quickly identify the most cost 

effective interventions in this treatment category along with the study quality and 

characteristics.  

 

The economic evaluation framework provides us with an approach to analysing the 

cost and benefits of competing alternatives. Analysing cost within an economic 

evaluation requires that relevant cost categories be appropriately identified, 

measured, and valued (Drummond et al., 2005b). Providers’ administrative databases 

and medical records are potentially rich sources of data. However, in addition to 

being burdensome to collect, they often provide only a partial representation of direct 

medical cost (Ritter et al., 2001, van den Brink et al., 2005). Patient-completed 
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questionnaires may allow a broader representation of health care costs, but they must 

be established as valid and feasible methods prior to their use in an economic study 

(Cronan and Walen, 2002). A validated questionnaire for the collection of data about 

health care resources and costs will be useful for researchers who wish to capture a 

broad range of cost items; and will build the confidence of stakeholders in the cost 

estimate. 

 

Economic evaluation is a tool used to optimise allocation of resources across a 

population. This means that optimal decision-making may result in certain 

individuals suffering poor outcomes and conversely, sub-optimal decision-making 

may result in certain individuals having good outcomes.  However, relative to 

optimal decision-making, poor decision-making is likely to result in less benefit for 

patients, more adverse outcomes for patients, higher costs for individuals and 

funders, and a reduced ability of funders to make expenditures on future treatment 

strategies (Willems and Banta, 1982). Use of an economic evaluation framework to 

study conservative treatments for the management of OA is rare, thereby increasing 

the likelihood that poor outcomes will result from the decisions made. Often an array 

of outcome measures are followed in the assessment of treatments for hip and knee 

OA. This makes the cost consequences analysis (CCA), a cost effectiveness analysis 

that follows multiple outcomes, most suitable in assessing the cost effectiveness of 

treatments for OA. A CCA of a comprehensive physiotherapy programme for the 

management of hip or knee OA will contribute to the decision-making process with 

respect to the allocation of funds for conservative treatments for hip and knee OA. 

 

This thesis explores multiple aspects of health services research in a systematic 

answer to the question: Is physiotherapy good value for money in the treatment of hip 

or knee OA? The thesis proceeds as follows. Chapter 1 is an overview of OA as 

regards its burden on individuals and society, prevalence and incidence, and 

strategies for the management of hip and knee OA. Chapter 2 introduces health 

economics and reviews clinical trial-based economic evaluation methodology within 

the context of physiotherapy. Physiotherapists are not commonly instructed in this 

methodology, and increased exposure to these subjects is likely to improve the 

understanding of health care decision-making. Chapter 3 reports a systematic review 

of the literature concerning the cost effectiveness of conservative treatments for hip 
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or knee OA. Chapter 4 describes the validation study for the Osteoarthritis Cost and 

Consequences Questionnaire (OCC-Q), including investigation of the agreement 

between the OCC-Q and four administration databases. Chapter 5 reports the 

methodology for the economic evaluation alongside the Management of 

OsteoArthritis (MOA) Trial and Chapter 6 presents the findings from this 

comprehensive economic evaluation. Chapters 4 and 6 were funded by two Health 

Research Council of New Zealand project grants. Chapter 7 discusses the overall 

findings and conclusions from this body of research, and offers recommendations for 

future research. The appendix includes the MOA Trial approval letters, a list of the 

MOA Trial team members, and questionnaires and supplemental materials from this 

body of research. Additionally, the candidate’s contribution to the thesis is explicitly 

reported.  
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Chapter	  1 Osteoarthritis	  

1.1 Introduction 
This chapter introduces osteoarthritis (OA) as regards its epidemiology, its burden on 

individuals and society, and current treatments and clinical guidelines. The high burden on 

individuals and society associated with OA warrants an assessment of the efficiency of 

interventions used in its treatment. Promising physiotherapy interventions will be explored 

with respect to their cost effectiveness.  

 

1.2 What is osteoarthritis? 
OA represents one of two subdivisions of all arthritic conditions. Arthritis is divided into 

atrophic and hypertrophic disorders. Atrophic disorders result in joint inflammation and 

erosion and include septic arthritis and rheumatoid arthritis (Arden and Cooper, 2006); these 

are not the subject of this dissertation and, therefore, will not be discussed further. 

Hypertrophic disorders have not been further subdivided into distinct pathologies and are 

what is referred to as OA (Arden and Cooper, 2006). 

 

OA has been defined in multiple ways including as a single disease and a common complex 

disorder (NICE, 2008, Felson et al., 2000, Kuettner and Goldberg, 1995, Sharma et al., 

2006); though it is “widely regarded as a final common pathway of joint destruction for 

multiple different pathophysiologic aetiologies including trauma, developmental aetiologies, 

primary cartilaginous disorders, and even crystal-induced arthritis.” (Felson, 2010, p. 601). 

OA has been described as the repair process of synovial joints (NICE, 2008) that operates in 

a way which destabilises the normal combination of joint tissue loss and formation (Kuettner 

and Goldberg, 1995). OA develops most commonly in the hip, knee, and hand and presents 

clinically as a syndrome of joint pain and instability, loss of motion and function, and 

crepitus. It often results in reduced quality of life (Felson, 2009, Sharma et al., 2006, NICE, 

2008). 
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 Classification and pathogenesis 1.2.1
OA is classified in one of two ways: 1) primary OA, where OA develops from no known 

cause; or 2) secondary OA, where OA develops as a result of injury or from various 

hereditary, inflammatory, developmental, metabolic, or neurologic disorders (Buckwalter and 

Mankin, 1998, Buckwalter et al., 2004). OA affects all joint tissues including cartilage,	  

bone,	   synovium/capsule,	   ligaments,	   and	  muscle	   (NICE,	   2008).	   It manifests in a typical 

manner involving synovial cells and matrix including the softening, fibrillation, and loss of 

articular cartilage; the remodelling and sclerosis of subchondral bone; and the formation of 

subchondral bone cysts and osteophytes (Buckwalter and Martin, 2006, Kuettner and 

Goldberg, 1995, Sharma et al., 2006). At times, OA can produce a structurally altered but 

painless joint when carried out ‘efficiently’; however, a symptomatic joint results when the 

process cannot compensate for the initial trauma (NICE, 2008). 

 

 Incidence and prevalence of OA 1.2.2
Epidemiological studies require a clear, concise, valid, and reliable case definition that can be 

measured, and this makes the study of OA problematic because multiple case definitions 

have been used (Spector and Hochberg, 1994, Schiphof et al., 2008b). Population-based 

health surveys, such as the New Zealand Health Survey, often use broad terms for capturing 

prevalence of OA. The term ‘arthritis’ was used in the 2006/07 New Zealand Health Survey 

in which one in seven adults reported having been, “told by a doctor you have arthritis” 

(14.8% of individuals older than 15 years) (MoH, 2008). Further subdivisions were classified 

in the survey, with OA reported as the most common type of arthritis at 8.4% (MoH, 2008). 

The incidence and prevalence of OA vary with more specific case definitions, which differ 

based on whether clinical criteria or radiographic criteria are used (Buckwalter and Martin, 

2006, Spector and Hochberg, 1994).  

 

 Clinical OA 1.2.3
The assessment of joint pain appears to be the broadest identifier of joint problems related to 

OA in epidemiological studies of the older adult population (Peat et al., 2001b). In a study of 

older adults (60-90 year olds) of the Spanish general population, 49.2% reported knee or hip 

pain. Pain in the knee was reported more frequently (38.3%) than the hip (23.8%) (Quintana 
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et al., 2008 ). In English adults over 65, the prevalence of hip pain and knee pain was 19.2% 

and 32.6% respectively (Dawson et al., 2004). In the assessment of ‘musculoskeletal pain’ in 

New Zealand, Taylor found hip and knee pain prevalence rates of 32.8% and 18.9% 

respectively in individuals older than 45 years (Taylor, 2005). The report of pain as the sole 

identifier of OA is attractive in its simplicity, however Bedson and Croft found it to be an 

imprecise marker for radiographic knee OA, with only 76% of patients complaining of pain 

diagnosed with radiographic OA (Bedson and Croft, 2008).  

 

Often the diagnosis of OA is made by combined joint pain with other clinical features 

(Hunter and Felson, 2006). The American College of Rheumatology (ACR) (Figure 1.1) has 

developed criteria for the clinical classification of knee and hip OA (Altman et al., 1986a, 

Altman et al., 1991). These criteria have been recommended for the classification of hip and 

knee OA in research and primary care (Peat et al., 2006). Mannoni and colleagues performed 

a population-based study in people aged 65 or greater in Dicomano, Italy using diagnostic 

algorithms based on ACR criteria. Knee OA and hip OA were found in 29.8% and 7.7% of 

their sample, respectively (Mannoni et al., 2003). Another study assessing the performance of 

clinical criteria in the general population aged 50 or over found the prevalence of knee OA to 

be 33% of the population (Peat et al., 2006). There appear to be conflicting opinions as to 

whether use of the clinical criteria captures a subset of OA sufferers, a broad range of OA 

sufferers, or overestimates the prevalence of OA in the population (Roux et al., 2008, Peat et 

al., 2006, Bellamy et al., 1999).  

 

 Radiographic OA  1.2.4

In 1957, Kellgren and Lawrence proposed grading criteria to standardise the identification of 

pathological processes associated with OA (Kellgren and Lawrence, 1957). The pathological 

processes of OA are often deduced on radiograph by the appearance of joint space narrowing, 

subchondral opacification of bone, and osteophytes (Croft, 2005). OA severity is graded on 

radiograph, from 1 (Doubtful) to 4 (Severe), with grades 2-4 used as a definite diagnosis of 

OA (Table 1.1) (Kellgren and Lawrence, 1957). Due to this standardisation, estimates for the 

prevalence of OA are most commonly made using radiographic criteria (Croft, 2005). In a 

population-based study of adults 50 and over with knee pain, Duncan and colleagues showed 

that the overall prevalence of OA was 68.3% using three radiographic views.  



	  

 
 

4	  

 

Unfortunately, despite having a standardised grading criteria, the Kellgren-Lawrence criteria 

have been inconsistently applied in major cohort studies of OA (Schiphof et al., 2008a). The 

number and combination of radiographic views can also alter prevalence estimates (Duncan 

et al., 2006). Duncan and colleagues found estimates to vary nearly 55% between one and 

three views. In their review on the discordance between clinical and radiographic knee OA, 

Bedson and Croft found various radiographic views employed in single studies (Bedson and 

Croft, 2008).  

	  

 

Figure 1.1 Clinical criteria for the classification of knee a) and hip osteoarthritis b), adapted 
from Altman et al. Arthritis Rheum 1986, Altman et al. Arthritis Rheum 1991 Abbreviations: 
OA, osteoarthritis; IR, internal rotation 

 

Using radiography to estimate OA prevalence may not be attractive from a public health 

viewpoint due to the discordance between radiographic OA and symptoms (Roux et al., 2008, 

Bedson and Croft, 2008). A discrepancy exists between the radiographic presence of OA and 

the symptoms related to OA (Bedson and Croft, 2008). In a sample of individuals over the 
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age of 50 with knee pain, only 70% were found to have radiographic evidence of OA (Peat et 

al., 2007). In other examples, despite radiographic findings of OA, no association or a weak 

association was found with pain and disability (Davis et al., 1992, McAlindon et al., 1993, 

Odding et al., 1998). 

	  

Table 1.1 Kellgren and Lawrence radiographic criteria of osteoarthritis 

Grade Description 

1 Doubtful narrowing of joint space and possible osteophytic lipping 

2 Definite osteophytes and possible narrowing of joint space 

3 Moderate multiple osteophytes, definite narrowing of joint space and some sclerosis and 
possible deformity of bone ends 

4 Large osteophytes, marked narrowing of joint space, severe sclerosis and definite deformity 
of bone ends 

Adapted from Kellgren and Lawrence. Ann Rheum Dis 1957 
	  

 Clinical and radiographic criteria combined 1.2.5
The use of clinical criteria and radiographic criteria separately to identify individuals with 

knee OA has been criticised (Roux et al., 2008, Bierma-Zeinstra et al., 1999, Bedson and 

Croft, 2008), with some authors suggesting that estimates including both clinical and 

radiographic criteria may produce a more robust estimate of disease prevalence (Roux et al., 

2008, Woolf, 2003). Although discordance between OA symptoms and radiological findings 

exist, a consistent association has been found at the knee between pain, stiffness and physical 

function, and the presence of radiographic OA (Duncan et al., 2007). It is likely that this 

relationship strengthens with more advanced structural damage (Peat et al., 2006). The 

relationship between clinical and radiographic criteria is illustrated in the prevalence staircase 

(Figure 1.2) (Peat et al., 2001b). 

 

Rates of OA are increasing, irrespective of how prevalence is measured. In the US, the 

prevalence of self-reported, doctor-diagnosed arthritis is projected to increase by 

approximately 19 million individuals between 2005 and 2030 (Hootman and Helmick, 2006). 

In New Zealand, the total number of individuals ≥15 years of age with arthritis is projected to 

increase an additional 3% by 2020(Access Economics, 2005). All projections anticipate that 

the prevalence of OA will increase in the future (Badley and Wang, 1998, Fontaine et al., 

2007, Hootman and Helmick, 2006, Croft, 2005, NICE, 2008, Access Economics, 2005). 



	  

 
 

6	  

 

Figure 1.2 The prevalence staircase adapted from Peat, McCarney, Croft. Ann Rheum Dis 2001. 
Shading represents the proportion of people with radiographic knee osteoarthritis 

 

1.3 The impact of OA – a public health problem	  

 Disability burden 1.3.1

From a public health viewpoint, hip and knee OA are considered to be the most important 

musculoskeletal disorders due to their prevalence and associated disability (Bijlsma and 

Knahr, 2007, Dawson et al., 2004). Knee OA is among the top five diseases responsible for 

the greatest physical disability burden in non-institutionalised men and women (Guccione et 

al., 1994). In New Zealand, OA produces the sixth largest disability burden (Tobias, 2001), 

and is one of four major clinical disorders contributing to disability in New Zealanders over 

the age of 70 (Campbell et al., 1994). In the US, OA causes more disability than any other 
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musculoskeletal condition (Michaud et al., 2006), and worldwide, it is the fourth and eighth 

most frequent predictor of health problems in women and men respectively (Murray and 

Lopez, 1996).  

 

Pain is the most common complaint associated with hip and knee OA and is the greatest 

driver for accessing medical care (Dominick et al., 2004). Limitations of movement are 

present in 80% of sufferers; in 25%, functional limitations are so great that they cannot 

perform major activities of daily living (Buckwalter et al., 2004). Hip and knee OA have also 

been associated with lower health-related quality of life (Khanna et al., 2011, Bookwala et 

al., 2003), higher rates of depression (Axford et al., 2008, Bookwala et al., 2003), and loss of 

social role functioning (Gignac et al., 2008). Furthermore, individuals with OA are more 

likely to have four or more co-morbidities than age and gender-matched peers (Kadam et al., 

2004). These co-morbidities include musculoskeletal and non-musculoskeletal conditions 

such as ligament sprains, tendon disorders, dyslipidemia, renal impairment, diabetes, 

hypertension, intestinal diverticula, and metabolic syndrome (Kadam et al., 2004, Puenpatom 

and Victor, 2009, Singh et al., 2003, Singh et al., 2002). Kadam and Croft found that the 

combined effects of OA and co-morbidities on disability were greater than would be expected 

by simply multiplying these effects. They concluded that the treatment of co-morbidities is 

essential in preventing or reducing physical decline associated with OA (Kadam and Croft, 

2007).  

 

 Economic burden 1.3.2

Costs related to OA have largely been grouped together with total musculoskeletal burden 

(Yelin, 2003, WHO, 2003) or total arthritis burden (Reginster, 2002, CDC, 2007, Bitton, 

2009). Musculoskeletal consultations are the second most common reason why people access 

primary care (Peat et al., 2001b) and are associated with economic costs ranging from 1% to 

2.5% of the gross national product of developed countries, including the USA, Canada, the 

UK, France and Australia (March and Bachmeier, 1997). OA has been identified as the most 

common reason for musculoskeletal consultations in the older age group (Peat et al., 2001b) 

and is considered the most resource hungry musculoskeletal condition overall (WHO, 2003). 

The resulting economic burden is due to both payments made for treating the condition and 

losses in productivity as a result of having the condition (Leardini et al., 2004). These costs 
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are often referred to in terms of direct and indirect costs (Drummond et al., 2005b). Direct 

costs are largely medical expenditures; however, they also include non-medical costs such as 

transportation. Indirect costs are often synonymous with the amount of productivity lost due 

to the disease (Drummond et al., 2005b). The total cost of arthritis and other rheumatic 

conditions in the United States was approximately $128 billion ($80.8 billion in direct costs 

in 2003, which was an increase of 24% from 1997 (CDC, 2007). The increase was attributed 

to the increase in population in the 45-64 age cohort and increased prevalence of OA in the 

>50 year group (CDC, 2007). In New Zealand, total costs (combination of direct health costs 

and indirect societal costs) of arthritis have been estimated at $2.35 billion (2005 NZ$), 

equalling 1.6% of gross domestic product (Access Economics, 2005).  

 

More recent studies have focused on the burden of OA including its economic cost to society, 

health funders, employers, and individuals (Gupta et al., 2005, Rabenda et al., 2006, Kotlarz 

et al., 2009, Lanes et al., 1997, Le Pen et al., 2005). Depending on the population considered 

and the method of valuing productivity losses, costs to society can vary greatly (Bloom et al., 

2001); however, societal costs are substantial despite differences in methodology. When 

considering the annual cost to society in a sample of the working age Belgian population, 

Rabenda and colleagues found that the average total direct cost of OA care was €531 per OA 

patient in 2004. They also found average total indirect costs of €795.6 (60% of total costs) 

(Rabenda et al., 2006). In a cohort of Italian patients suffering from painful OA of the knee 

who required medication to control their pain, societal costs of OA were estimated to be 

€2170 per patient per year (57% indirect costs) in 2000. In a sample of Canadians ≥55 years 

attending family practice, total annual costs of OA were estimated to be $5700 (1998 US 

dollars) of which 70% were direct costs (Maetzel et al., 2004). In this study, the findings 

were extrapolated to the Canadian population, giving an estimate for total costs for OA of 

$3.26 billion (2000 Canadian dollars). In all studies, the presence of OA was associated with 

substantial costs, both indirect and direct, to society. 

 

Health funders capture a substantial portion of the direct costs associated with OA. Lanes and 

colleagues assessed the data of patients ≥30 years from a Massachusetts insurer with at least 

one visit for OA within the past 1.25 years. In 1993, this cohort of 10 101 patients had an 

average cost of $543 per year and total cost of $4.7 million dollars to the insurer (Lanes et al., 
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1997). Nationally representative data of insured individuals in the US were used to estimate 

the effects of OA on expected health care expenditure, and the cost of OA was estimated to 

be $185.5 billion for insurers in 2007. The presence of OA was found to increase annual 

insurer costs by $4833 in women and by $4036 in men (Kotlarz et al., 2009). The impact of 

OA on the French health insurance system was estimated to exceed €1.6 billion in 2002, 

accounting for 1.7% of all health insurance expenses (Le Pen et al., 2005). In many studies 

the majority of direct costs were from joint replacement surgery, and the rate of replacement 

surgery is increasing. In New Zealand, there was a 36% and 38% increase in hip and knee 

replacements respectively between 2004 and 2008 (NZOA, 2009). In the US, primary hip and 

knee replacements are projected to increase by 174% and 673% by 2030, and hip and knee 

replacement revisions are expected to increase by 137% and 601% (Kurtz et al., 2007). These 

increases in joint replacement surgery demand are occurring in an environment where 

funding for such services is limited, demand is already high, and a need for prioritisation and 

rationing already occurs (Brand et al., 2010, Conner-Spady et al., 2004, Desmeules et al., 

2009). All else being equal, any increase in demand will further burden this system. As a 

result, health authorities are reconsidering which interventions should be funded to improve 

health of individuals in the face of longer wait times (Mascarenhas, 2009) or to free funding 

to perform more surgeries (DoH, 2010). 

 

Estimates of productivity costs in the literature have ranged from 34% of direct costs to 3.2-

fold greater than direct costs; (Maetzel et al., 2004) they account for 2-5% of annual 

household income in the US, Canada, Hong Kong, Italy, and Taiwan (Xie et al., 2008). In the 

US in 2008, insured employees with OA were estimated to increase costs to the employer by 

$514 of sick leave, $1241 of short term disability, and $47 of long term disability per OA 

patient-year (Kleinman et al., 2009). In a Belgian study 0.8 sick leave days per OA patient-

month were reported within the study sample, representing costs to the employer of €64.5 per 

OA patient-month in 2004. In addition, another 0.02 mean days off work per active subject-

month were added to employer costs due to subjects within the greater study population 

taking time off work to perform informal care duties for friends or relatives with OA 

(Rabenda et al., 2006). The inclusion of the broader employee population shows how the 

scope of productivity costs can be widened, indicating its burden is greater than the work loss 

of the individual with OA. The research agenda with respect to measuring productivity loss is 
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relatively young (Koopmanschap et al., 2005). Methodology for capturing presenteeism 

(decreased productivity while at work due to sickness/disease) as well as the loss of 

productivity for group work is being considered; as well as capturing administrative costs 

associated with replacing an employee (Koopmanschap et al., 2005). Employer compensation 

strategies may reduce some of the productivity burden suggesting that some productivity 

costs may be reduced based on an organisation’s internal mechanisms for handling a 

temporary loss in productivity. Ultimately, productivity losses are likely to be larger than the 

most conservative estimates if the only costs considered are those related to absenteeism. 

 

Individuals with OA bear a large financial burden in addition to health funders and 

employers. In a Canadian cohort with OA, 60% of patients with OA reported an average 

annual personal cost of $12 200 (2002 Canadian dollars). Of these costs, 80% were related to 

time lost from employment and leisure and for unpaid informal caregivers (Gupta et al., 

2005). In an Italian cohort of knee OA sufferers, 37% of direct costs were charged directly to 

patients (Leardini et al., 2004). Insured patients in the US were estimated to spend $36.1 

billion (2007 US$) on out-of-pocket expenditures for OA-related medical care. In this US 

study, having a diagnosis with OA increased annual out-of-pocket expenditures by $1379 in 

women and by $694 in men compared with individuals without OA (Kotlarz et al., 2009). In 

New Zealand roughly 45% of surgeries occur in the private sector for which a larger portion 

of the cost is borne by the patient (Access Economics, 2010). In all ways that costs related to 

OA are measured, they are increasing substantially, creating a financial burden on 

individuals, funders, and society. 

 

 OA risk factors  1.3.1
1.3.1.1 Onset 

Multiple risk factors are associated with the development and progression of OA, although 

the exact cause of OA remains unknown. Risk factors for OA can be broadly divided into 

endogenous and exogenous risk factors (Michael et al., 2010). Endogenous risk factors 

include genetics, age, sex, obesity, geo-ethnic factors, and metabolic factors (Das and 

Farooqi, 2008, Felson et al., 2000). Exogenous risk factors include occupational activity, 

non-occupational activity, and biomechanical risk factors.  
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Genetically, OA is transmitted as a complex, multifactorial trait (Loughlin, 2005). This 

genetic component is significant and is associated with heritability estimates from 39-65% 

for the knee and 58% for the hip (Loughlin, 2005). Age is the strongest risk factor for the 

development of OA with roughly 40% of people over 70 years of age reporting hip or knee 

pain (Dawson et al., 2004). The association that OA has with sex appears to be related to the 

association between OA and hormone levels. Under the age of 50, OA is more common in 

males (Günther et al., 1998), but by the age of 50, when oestrogen levels decrease in females, 

the incidence and prevalence of OA in females increases relative to males (van Saase et al., 

1989, Felson and Zhang, 1998). Obesity is strongly linked to the onset of knee OA; however, 

there is a less clear association with hip OA (Grotle et al., 2008, Oliveria et al., 1999). Ethnic 

characteristics also appear to play a role in the onset of OA, with the most consistent 

differences being between Asians and Caucasians (Felson et al., 2002, Yoshida et al., 2002). 

Asians have a lower incidence and prevalence of hip OA but have higher rates of knee OA 

(Felson et al., 2002, Yoshida et al., 2002). Metabolic factors affect the incidence of OA 

including oestrogen levels and bone mineral density levels. Low levels of oestrogen appear to 

be related to increased incidence of OA, and low levels of bone mineral density are 

associated with a decreased incidence (potentially as a result of lower mechanical forces 

acting on the joints) (Felson et al., 2000).  

 

Exogenous risk factors, including repetitive work tasks and postures, have been associated 

with increased likelihood of hip OA, knee OA, or both (Allen et al., 2010). Competitive 

athletes who subject their joints to more intense impact than runners, such as American 

football players, competitive soccer players, javelin throwers, and high jumpers have 

increased rates of hip or knee OA (Buckwalter and Martin, 2004). Traumatic knee injury is 

associated with knee OA, with a strong association existing between anterior cruciate 

ligament ruptures and meniscal tears and the onset of OA (Hunter et al., 2002). 

Biomechanical risk factors include joint laxity, malalignment/ anatomical variations of the 

joints, and reduced muscle strength (Felson and Zhang, 1998, Reijman et al., 2005, Sharma et 

al., 2006, Harvey et al., 2010). These biomechanical risk factors lead to aberrant loading or 

mechanopathology, a major driver of the development and progression of disease (Felson, 

2009, Croft, 2005). Hunter emphasised the importance of mechanopathology in OA by 
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describing the pathophysiological process as, “excessive mechanical stress in the context of 

systemic susceptibility” (Hunter, 2011, p. 283). 

 

1.3.1.2 Progression 

The OA process attempts to repair joint damage and is often successful in limiting damage 

and symptoms (NICE, 2008). This runs contrary to the notion that all individuals with OA 

will worsen over time (NICE, 2008, Felson, 2009). In general, one-third of people with knee 

OA will improve, one-third will remain the same, and one-third will worsen over a period of 

several years; whereas, individuals with hip OA may spontaneously recover or follow a 

precipitous decline with the need for joint replacement surgery within 1 to 5 years (NICE, 

2008). Factors that are moderately to strongly associated with the progression of knee OA 

include age, malalignment, obesity, the presence of generalised OA, and hyaluronic acid 

level (Chapple et al., 2011, Belo et al., 2007, Tanamas et al., 2009, Cheung et al., 2010). 

Factors associated with the progression of hip OA include age, superolateral migration of the 

hip, atrophic bone response, femoral osteophytes, bony sclerosis, baseline hip pain, Kellgren 

and Lawrence grade 3, and Lequesne index score ≥ 10 (Cheung et al., 2010, Wright et al., 

2009, Lievense et al., 2002).  

 

One of the most important risk factors associated with the onset and progression of hip and 

knee OA is ageing. The New Zealand population is undergoing a “rapid structural ageing” 

due to the baby boomer cohort reaching retirement age (MoH, 2004). Model projections 

show the proportion of the population 65 years and older will double (from 12% to 24%) and 

those over age 85 will quadruple (from 1.3% to 5.5%) by the late 2040s. Therefore, the 

number of people with OA will increase simply due to demographic changes (Access 

Economics, 2010). OA is projected to increase to approximately 10% of the population by 

2020 (Access Economics, 2010).  

 

Although the cause of OA is unknown, the modification of risk factors may alter the onset or 

progression of OA. For example, in New Zealand obesity rates have increased by 

approximately 11% in males and 7% in females between 1997 and 2008/9 (University of 

Otago and MoH, 2011). In its 2005 report on osteoarthritis in New Zealand, Access 

Economics estimated the proportion of arthritis due to obesity as 18.1% and 17.8% in males 
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and females respectively (Access Economics, 2005). Impacting modifiable risk factors, such 

as obesity and malalignment (including femoral head migration) (Wright et al., 2009, 

Chapple et al., 2011), is a potential focus for treatment (Hunter, 2011). 

 

1.4 Treatments for OA  
OA has no cure and, because no treatments have been found to alter disease progression, 

treatment is primarily aimed at managing the symptoms (Felson, 2009). In general, the aims 

of OA management are to educate patients about the disease and its management, control 

pain, improve function, and alter the disease process and its consequences (Jordan et al., 

2003). Treatments for the management of hip or knee OA are commonly divided into non-

pharmacologic, pharmacologic, and surgical interventions. In general, OA management 

should proceed along a stepwise progression from non-pharmacologic to surgical treatments 

based on the severity of symptoms (Hunter and Felson, 2006). 

 

When considering treatments for OA it is worthwhile to consider both statistically significant 

differences and clinically meaningful difference when treatments are compared with 

alternatives. To this end effect sizes (ES) will be reported. The ES is an index that quantifies 

a study’s result and helps identify whether the effect of a treatment should be considered 

small, moderate, or large regardless of the size of the sample (Hojat and Xu, 2004). When 

considering the difference in effect between two independent groups, the ES is calculated as 

the difference in means between the experimental and control group divided by the pooled 

standard deviation. This is also known as the standardised mean difference. Cohen 

categorised values that represent clinical (practical) importance: ES ≅ 0.2 (small importance), 

ES ≅ 0.5 (moderate importance), ES ≅ 0.8 (large importance) (Cohen, 1988). Where 

applicable, ES (95% CI) and categorised value labels will be used in this chapter to describe 

the current evidence with respect to each treatment’s clinical importance. 

 

With more than 50 interventions for the management of hip and knee OA in the literature, it 

is not surprising that multiple regional and national guidelines have been established in an 

attempt to guide clinicians in the use of therapies to offer or recommend for patients (Zhang 

et al., 2007b). The Osteoarthritis Research Society International (OARSI) appointed an 

international, multidisciplinary committee of experts to develop evidence-based, globally 
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relevant recommendations for the management of knee and hip OA (Zhang et al., 2007b). 

The committee of experts came to a consensus on 25 recommendations (Tables 1.2 to1.4) for 

the treatment of hip and knee OA following the performance of systematic reviews of the 

literature and a Delphi exercise (Zhang et al., 2007b). Another set of guidelines of particular 

interest given OA’s economic burden are the UK’s National Institute of Health and Clinical 

Excellence (NICE) guidelines for the management of adults with OA (NICE, 2008). The 

NICE guidelines incorporate health economic evidence when considering clinical 

recommendations, and these guidelines are more directive with respect to the use of 

particular interventions (NICE, 2008). 

 

 Non-pharmacologic interventions 1.4.1

Non-pharmacologic interventions such as education, exercise, and weight loss are 

recommended as core treatments for patients with hip or knee OA (NICE, 2008). These 

interventions should be offered to all individuals with OA. Multiple other non-pharmacologic 

interventions exist with varying levels of evidence. Non-pharmacologic interventions 

commonly used in the management of OA will be discussed. 
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Table 1.2 OARSI recommendations for the non-pharmacologic management of hip and knee 
OA 

# Recommendation 

1 All patients with hip or knee OA should have access to information and education about 
treatment objectives and the importance of changes in lifestyle, exercise, activity pacing, 
weight reduction, and other measures to unload damaged joints. The emphasis should be on 
active versus passive treatment and adherence to the non-pharmacologic treatment.  

2 Regular phone contact can improve the clinical status of patients with hip or knee OA. 

3 Referral to a physiotherapist for evaluation and instruction in appropriate exercise may benefit 
patients with symptomatic hip or knee OA. 

4 Regular aerobic, strengthening, and range of motion exercises should be encouraged for all 
patients with hip and knee OA. Hip OA patients may benefit from water exercise. 

5 Patients with hip and knee OA, who are overweight, should be encouraged to lose weight and 
maintain their weight at a lower level. 

6 Walking aids can reduce pain in patients with hip and knee OA. Instruction in the optimal use 
of a cane or crutch includes use in the contralateral hand. Frames or wheeled walkers are often 
preferable for those with bilateral disease. 

7 In patients with knee OA and mild/moderate varus or valgus instability, a knee brace can 
reduce pain, improve stability and diminish the risk of falling. 

8 Patients with hip or knee OA should receive advice concerning appropriate footwear. In 
patients with knee OA, insoles can reduce pain and improve ambulation. Lateral wedged 
insoles can be of symptomatic benefit for some patients with medial tibio-femoral 
compartment OA. 

9 Some thermal modalities may be effective for relieving symptoms in hip and knee OA. 

10 TENS can help with short term pain control in some patients with hip or knee OA. 

11 Acupuncture may be of symptomatic benefit in patients with knee OA. 

Abbreviations: OA, osteoarthritis; TENS, transcutaneous electrical nerve stimulation. Adapted from 
Zhang et al. Osteoarthritis Cartilage 2008 
 

 

1.4.1.1 Exercise 

Exercise is recommended for all patients with OA “irrespective of age, comorbidity, pain 

severity and disability” (NICE, 2008, p. 19). NICE guidelines recommend that exercises be 

aimed at individual joints rather than being delivered as general activity-related fitness 

(NICE, 2008). Aerobic exercise for knee OA has been shown to produce moderate ESs for 

pain 0.52 (0.34, 0.70), whereas strengthening for hip OA and water-based exercises for hip 

OA show lower ESs 0.32 (0.23, 0.42) and 0.25 (0.02, 0.47) respectively (Zhang et al., 2010). 

Clinicians working with individuals with OA are expected to determine how to effectively 

ensure patient participation with exercise, which often depends on a combination of the 
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patient’s individual needs, circumstances, motivation, and available resources (NICE, 2008). 

In addition, acute exacerbations of OA have been identified as a barrier to planning and 

performing exercise on a regular basis (Poitras et al., 2010). Hurley and colleagues note that 

although a small proportion of individuals may experience pain with exercise, a controlled 

exercise programme based on the individual’s response to exercise will not result in adverse 

events (Hurley et al., 2007a). This coincides with the recommendation that all individuals 

with OA should be offered exercise as an intervention. 

 

Unfortunately, a recent review found that up to 29% of GPs believe rest is the optimal 

management approach in patients with knee pain, and nearly half of the time GPs do not 

advise their patients to exercise (Cottrell et al., 2010). Patients are rarely provided specific 

exercise instruction from their general practitioners, and many individuals with OA do not 

know how to proceed (Poitras et al., 2010). Although a large number of developed nations 

were included in both reviews, caution must be taken with the applicability of these results to 

New Zealand as no study from Australia or New Zealand was included in either review. That 

said, these findings were generalisable across the US, Europe, Canada and the UK and it is 

unlikely that Australia and New Zealand would be radically different given the similarities 

shared between developed nations with respect to GP training and practise (Jones et al., 2011, 

Watson et al., 2012). These findings suggest the need for a health professional to guide 

patients in the selection of appropriate exercises. The OARSI guidelines recommend a 

referral to a physiotherapist for such an evaluation and instruction (Zhang et al., 2008). There 

is some evidence that physiotherapist-led group exercise is superior to home exercise alone 

(McCarthy et al., 2004a). 

 

Despite producing moderate ESs for pain reduction from exercise exercise (Roddy et al., 

2005, Zhang et al., 2008), a lack of adherence to exercise has been considered a fundamental 

problem for the long term use of this treatment in patients with hip and knee OA (Felson, 

2009). Hurley et al. demonstrated success in promoting exercise adherence over a six-month 

time frame to which they attributed the following components of their programme: 

individualised treatment, instilling confidence that exercise will not cause harm, providing 

reassurance that initial positive effects will likely continue, and teaching coping strategies 
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(Hurley et al., 2007a). NICE guidelines recommend further research to determine which 

service model best suits patients (NICE, 2008). 
	  

1.4.1.2 Education and self-management 

Patient education about the objectives of treatment, provision of information regarding OA, 

and the importance of lifestyle changes are recommended by both NICE and OARSI 

guidelines. In particular, weight loss should be considered a core treatment in people who are 

obese (NICE, 2008). A recent meta-analysis found pooled ES for pain and physical disability 

to be small, 0.20 (0, 0.39) and 0.23 (0.04, 0.42) respectively, in individuals who participated 

in weight loss programmes for managing knee OA. The authors suggest a weight loss of 5% 

within 20 weeks could have symptomatic relief and 10% weight loss could potentially 

produce larger ESs (Christensen et al., 2007). 

 

Patient education is designed to encourage positive changes in behaviours, increase 

competence with respect to living with a chronic disease, and improve quality of life (Ramos-

Remus et al., 2000). Patient education programmes must balance what the health professional 

wants, what the health professional thinks the patient wants and needs, and what the patient 

actually wants and thinks he or she needs (Ramos-Remus et al., 2000). As these wants and 

needs are sensitive to particular social and ethnic backgrounds and socioeconomic stratum, it 

is necessary to tailor such interventions to each distinct social group or geographical area 

(Ramos-Remus et al., 2000). There is evidence of a small ES 0.06 (0.02, 0.10)	   for patient 

education in patients with hip and knee OA (Zhang et al., 2008, Chodosh et al., 2005, Foster 

et al., 2007, Warsi et al., 2003); however, as this aids in informed consent it can also fulfil a 

professional responsibility (NICE, 2008). NICE guidelines specifically recommend 

countering the misconception that the OA process inevitably progresses and cannot be treated 

(NICE, 2008), a misperception recently reported to be present among patients and general 

practitioners in a survey of barriers against the implementation of recommended guidelines 

(Poitras et al., 2010). 

	  

1.4.1.3 Bracing, orthotics, and shoes 

Advice on appropriate footwear is considered a core treatment for all patients with OA, 

however the use of bracing, orthotics, and assistive devices is considered adjunct to core 
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treatment (NICE, 2008). Reeves and Bowling recently highlighted the evidence for 

conservative (non-pharmacologic) biomechanical strategies in the treatment of knee OA 

(Reeves and Bowling, 2011). Many biomechanical strategies attempt to reduce the high 

external adduction moment at the knee that is associated with compression of the medial 

compartment of the knee and the severity of medial knee OA (Reeves and Bowling, 2011). 

Thin-soled, more flexible shoes, lateral wedge shoe inserts, and valgus knee braces are all 

able to decrease loading of the medial compartment of the knee (Reeves and Bowling, 2011) 

and have been associated with improvements in patient outcome (Felson, 2009). In addition, 

use of assistive devices, such as a cane, have been shown to reduce medial knee compartment 

loading if used on the contralateral side (Reeves and Bowling, 2011). In patients with hip or 

knee OA these devices can significantly improve stride length and cadence (NICE, 2008). 

However, use of assistive devices was associated with low adherence in many studies (NICE, 

2008). Although they were perceived as useful, some participants did not use them on 

account of their pride (Tallon et al., 2000).  

 

1.4.1.4 Acupuncture 

Acupuncture is a traditional Chinese medical therapy that uses hair-thin, metal needles to 

puncture the skin along ‘meridians’ in the body or in tender points in order to relieve pain and 

promote wellbeing (Mao and Kapur, 2010). It has a growing evidence base in the treatment 

of OA; however, the NICE guidelines do not recommend its use due to the evidence being 

too inconsistent to support a recommendation (NICE, 2008). Short to medium term effects 

for the use of acupuncture in treating OA-related pain have been reported, but these findings 

were not clinically meaningful −0.10 (−0.21, 0.01) in placebo-controlled studies (Manheimer 

et al., 2010). Although less well-controlled studies have shown clinically relevant 

improvements −0.96 (−1.19, −0.72) (Witt et al., 2005), it has been suggested that these 

findings were due to placebo or expectation effects (Manheimer et al., 2010).  

 

1.4.1.5 Manual therapy 

Manual therapy interventions use manual force to improve the mobility of restricted joints, 

connective tissue, or skeletal muscles with the intention of improving joint function and pain 

(NICE, 2008). Manual therapy interventions were not addressed in the OARSI guidelines but 

were recommended as an adjunct to core treatment of OA in the NICE guidelines. A 
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particular emphasis was placed on the use of this treatment for hip OA. Manual therapy in the 

treatment of hip OA has demonstrated moderate ESs 0.5 (no standard deviation reported) in 

the participants’ “main complaint” and “pain walking” scores (Hoeksma et al., 2004). Manual 

therapy in conjunction with an exercise programme has shown statistically significant 

improvements in function in patients with knee OA (Deyle et al., 2005, Deyle et al., 2000). 

Deyle and colleagues considered their results to be clinically meaningful because they 

surpassed previously identified WOMAC improvement scores considered to be meaningful 

(Barr et al., 1994, Deyle et al., 2000). Because physiotherapists typically use manual therapy 

in combination with exercise, NICE guidelines recommend the continued study of the 

efficacy and cost effectiveness of combined treatment regimens (NICE, 2008).  

 

1.4.1.6 Other non-pharmacologic interventions  

These include but are not limited to use of a spa/sauna, laser treatment, ultrasound, 

radiotherapy, local heat and cold, and Transcutaneous Electrical Nerve Stimulation (TENS). 

Of these, local heat and cold and TENS have been recommended by both guidelines. The 

recommendation from the NICE guidelines was based on the wide spread use of heat and 

cold therapy and the demonstrated clinical beneficial effect at a relatively low cost of TENS. 

The National Health Service (NHS) typically loans TENS units to patients for short periods 

and, based on effectiveness, suggests that patients purchase a unit privately resulting in a low 

cost to the NHS. This recommendation must be considered by other jurisdictions if units are 

purchased or rented by funders.  

 

Unfortunately, despite the emphasis from guidelines for having non-pharmacologic treatment 

as the ‘cornerstone’ of care, current clinical management of OA is often limited to the use of 

analgesic and/or anti-inflammatory medication and cautious waiting (Glazier et al., 1998). 

Non-pharmacologic treatments are often underutilised (DeHaan et al., 2007, Mazzuca et al., 

1997) and have not been suitably studied (Hunter and Felson, 2006). 

	  

 Pharmacologic interventions 1.4.2

A general recommendation expressed by both guidelines is that pharmacologic treatment 

should be used in concert with non-pharmacologic therapies. In addition to the pain relief 

experienced using pharmacologic interventions, their use together may improve adherence 
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and acceptability of the non-pharmacologic treatment regimen when non-pharmacologic 

therapy alone is insufficient (Zhang et al., 2007b, NICE, 2008).  

 

1.4.2.1 Paracetamol  

The action by which paracetamol works is not fully understood although recent evidence 

suggests that it inhibits cyclooxygenase (COX) 3 isoenzymes (Towheed et al., 2006). A 

Cochrane review of studies assessing the effectiveness of paracetamol for OA pain 

management concluded that paracetamol resulted in a small, statistically significant reduction 

of pain (Towheed et al., 2006). However, with a standardised mean difference of −0.13 

(−0.22, −0.04) the systematic review questions its clinical significance (Towheed et al., 

2006). Despite this small ES, both guidelines recommend paracetamol as a primary analgesic 

for pain relief due to the adverse effects of stronger pain relieving medication (Zhang et al., 

2007b, NICE, 2008).  
	  

1.4.2.2 Topical treatments and oral NSAIDS 

Topical treatments include rubefacients with capsaicin and topical NSAIDS. Capsaicin is an 

alkaloid derived from capsicum, an active ingredient found in jalapeno peppers (Stitik et al., 

2006). It causes a chemical sensory denervation by depleting neurotransmitters in sensory 

terminals, thereby reducing the transmission of painful stimuli (Stitik et al., 2006, NICE, 

2008). Capsaicin is recommended as an adjunct to core treatments for hip and knee OA 

(NICE, 2008). Adverse effects including redness and a burning sensation have been reported 

in nearly half of patients (De Silva et al., 2011). Topical treatments have shown moderate, 

short-term ESs relative to placebo for the reduction of pain 0.41 (0.22, 0.59) and are 

recommended treatments according to OARSI guidelines (Zhang et al., 2008). However, at 

four weeks ESs have been found to be small 0.04 (−0.11 to 0.19) for reduction in pain (Lin et 

al., 2004). 

 

Non-steroidal anti-inflammatories (NSAIDs) inhibit prostaglandins mediated by the 

cyclooxygenase (COX) enzyme and decrease pain and inflammation. Although this inhibition 

accounts for its therapeutic effects, adverse reactions with respect to severe gastrointestinal 

episodes also result from this action on the COX enzyme (Chen et al., 2008, NICE, 2008). 

COX-‐2 enzymes are primarily found in kidney, brain, bone, and reproductive organs but 
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appear to have a more specific role with respect to inflammation as they increase 

substantially in areas of tissue injury (Chen et al., 2008). Therefore, it is suggested that COX-

2 inhibitors may enhance efficacy while reducing or removing toxic effects (Chen et al., 

2008). The NICE guidelines prioritise topical NSAID use before oral NSAIDs; however, no 

such distinction is made by the OARSI guidelines. The rationale for placing topical NSAIDs 

before oral NSAIDs includes reducing adverse events (NICE, 2008). The use of topical 

NSAIDs for OA is associated with small ESs and adverse events such as skin dryness and 

rashes (Towheed, 2006), and there is reason to believe that publication bias may be over 

estimating ESs (Felson, 2009). 

 

In their review, Towheed and colleagues considered the use of oral NSAIDs along with 

paracetamol in the treatment of OA pain. Because they produced greater ESs relative to 

paracetamol −0.31 (−0.40, −0.21), the review group recommended NSAIDs over paracetamol 

for patients with moderate to severe OA symptoms (Towheed et al., 2006). Where 

paracetamol and topical NSAIDs are no longer effective, both guidelines suggest offering 

treatment with an oral NSAID or COX-2 inhibitor. Based on the results of an economic 

evaluation conducted as a part of the NICE guideline process, the first choice should be either 

a COX-2 inhibitor or a standard NSAID. A generic proton pump inhibitor (PPI) should be 

prescribed along with either choice as cost effectiveness of the NSAID and COX-2 inhibitor 

was always improved when prescribed with a PPI (NICE, 2008). Caution should be taken 

with the treatment of older individuals with OA as both standard NSAIDs and COX-2 

inhibitors increase rates of gastrointestinal and cardiovascular events (Felson, 2009, Sostres 

et al., 2010). 

 

1.4.2.3 Opioid analgesics 

Opioids are analgesics that work by targeting mainly spinal and supraspinal opioid receptors 

(Nuesch et al., 2009). Although recommended for consideration by both guidelines where 

other pharmaceuticals are ineffective, the NICE guidelines indicate that there is weak 

evidence for the use of such medications in the treatment of OA, ES −0.36 (−0.47, −0.26) 

(Nuesch et al., 2009), and that opioid toxicity is a concern (NICE, 2008). Important side 

effects to be considered in the recommendation of opioid medications include constipation, 

nausea, itchiness, drowsiness, and confusion (NICE, 2008). A recent Cochrane review of 
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opioid medications reported that these side effects often caused patients to stop using the 

medication, limiting its effectiveness. Ultimately opioid therapy reported small to moderate 

effects, which were outweighed by the risk of adverse events (Nuesch et al., 2009). In a 

separate Cochrane review of studies assessing tramadol for use in arthritis pain, similar 

results were found (Cepeda et al., 2006). 

 
Table 1.3 OARSI recommendations for the pharmacologic treatment of OA 

# Recommendation 

1 Acetaminophen (up to 4 g/day) can be an effective initial oral analgesic for treatment of mild to 
moderate pain in patients with knee or hip OA. 

2 In patients with symptomatic hip or knee OA, NSAIDs should be used at the lowest effective 
dose but their long term use should be avoided if possible. In patients with increased 
gastrointestinal risk, either a COX-2 selective agent or a non-selective NSAID with co-
prescription of a PPI or misoprostol for gastroprotection may be considered, but NSAIDs, 
including both non-selective and COX-2 selective agents, should be used with caution in 
patients with cardiovascular risk factors. 

3 Topical NSAIDs and capsaicin can be effective as adjunctives and alternatives to oral 
analgesic/anti-inflammatory agents in knee OA. 

4 Intra-articular injections with corticosteroids can be used in the treatment of hip or knee OA, 
and should be considered particularly when patients have moderate to severe pain not 
responding satisfactorily to oral analgesic/ anti-inflammatory agents and in patients with 
symptomatic knee OA with effusions or other physical signs of local inflammation. 

5 Injections of hyaluron may be useful in patients with knee or hip OA. They are characterised by 
delayed onset, but prolonged duration, of symptomatic benefit when compared with injections 
of corticosteroids. 

6 Treatment with glucosamine and/or chondroitin sulphate may provide symptomatic benefit in 
patients with knee OA. If no response is apparent within 6 months treatment should be 
discontinued. 

7 In patients with symptomatic knee OA, glucosamine sulphate and chondroitin sulphate may 
have structure-modifying effects while diacerein may have structure-modifying effects in 
patients with symptomatic OA of the hip. 

8 The use of weak opioids and narcotic analgesics can be considered for the treatment of 
refractory pain in patients with hip or knee OA, where other pharmacologic agents have been 
ineffective, or are contraindicated. Stronger opioids should only be used for the management of 
severe pain in exceptional circumstances. Non-pharmacologic therapies should be continued in 
such patients and surgical treatments should be considered. 

Abbreviations: OA, osteoarthritis; NSAID, non-steroidal anti-inflammatory; COX-2, 
cyclooxygenase-‐2; PPI, proton pump inhibitor. Adapted from Zhang et al. Osteoarthritis Cartilage 
2008 
 



	  

 
 

23	  

1.4.2.4 Glucosamine and chondroitin 

Glucosamine is an amino sugar and an important precursor in the synthesis of proteins, 

including those found in connective tissue and synovium. Chondroitin sulphate is a sulphated 

glycosaminoglycan, a component of proteoglycans. The rationale for orally supplementing 

glucosamine and chondroitin is that the process of cartilage synthesis is being limited by the 

lack of these components; it is also thought that glucosamine and chondroitin are potentially 

chondroprotective by favourably modifying the natural progression and course of OA (NICE, 

2008, Towheed et al., 2005). Support for glucosamine has fluctuated in recent years. A 

Cochrane review supported the use of 1500mg of glucosamine sulphate but not glucosamine 

hydrochloride (Towheed et al., 2005), and the original OARSI guidelines recommended its 

use largely based on the Cochrane review’s findings (Zhang et al., 2008). Recently, an update 

to the OARSI guidelines reported on potential publication bias in the studies of glucosamine 

sulphate and downgraded already small estimates of ES 0.005 (−0.11, 0.12)(Zhang et al., 

2010). NICE guidelines do not recommend glucosamine sulphate, glucosamine 

hydrochloride, or chondroitin.  

 

1.4.2.5 Injectable pharmacologic interventions  

Corticosteroids and viscosupplementation are both recommended by the OARSI guidelines, 

whereas NICE guidelines only recommend the use of corticosteroids as adjunctive to core 

OA treatments (Zhang et al., 2007b, NICE, 2008). Corticosteroids are strong anti-

inflammatories, and it is assumed pain reduction will result from this reduction of 

inflammation (NICE, 2008). A Cochrane review found support for the short term, but not 

long term relief of OA-related knee pain with the use of intra-articular corticosteroid 

injection, ESs 0.39 (0.12, 0.65) and 0.01 (−0.21, 0.23) respectively (Bellamy et al., 2006a), 

making them particularly suitable for acute exacerbations (NICE, 2008). The therapeutic goal 

of viscosupplementation is to restore the viscoelasticity of synovial hyaluronan, decrease 

pain, improve mobility, and restore the natural protective functions of hyaluronan in the joint 

(Bellamy et al., 2006b). A Cochrane review of hyaluron injections concludes that they are 

useful in reducing OA-related knee pain between 5- and 13-weeks post injection (Bellamy et 

al., 2006b). The review found considerable between-product and time-dependent variability 

in the clinical response. Whereas the review’s conclusion highlighted the few combinations 

that resulted in moderate to large ESs (Bellamy et al., 2006b), the NICE guideline concluded 
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that ES was generally small, and further research is needed before it can be recommended for 

use (NICE, 2008). An update to the OARSI guidelines diminished the ESs found for 

hyaluron based on new evidence 0.27 (−0.01, 0.55) (Zhang et al., 2010). 

 

 Surgical interventions 1.4.3

Surgical procedures such as arthroscopy continue to be popular procedures in the treatment of 

patients with OA (Stevens et al., 2010). Joint lavage is a procedure where fluid is used to 

wash out loose tissue or debris from inside the joint space and along with the material its pro-

inflammatory effects (NICE, 2008). Although joint lavage can be performed using tidal 

irrigation and non-arthroscopic joint lavage, arthroscopy gives the advantage of a visual 

inspection of the knee. A recent Cochrane review found small ESs from arthroscopy for 

patients with knee OA in terms of pain relief, 0.21 (−0.12, 0.54), or improvement of function 

0.11 (−0.11, 0.33) (Reichenbach et al., 2010). The NICE guidelines clearly indicate that 

referral for arthroscopic lavage, debridement, and tidal irrigation should not be offered as part 

of treatment for OA. Both guidelines report potential benefits from arthroscopy in the 

presence of meniscal pathology or loose bodies.  
	  

1.4.3.1 Joint replacement surgery 

Both guidelines recommend a referral for joint replacement surgery for individuals who 

experience OA-related symptoms that are not being adequately relieved with a combination 

of non-pharmacologic and pharmacologic interventions. Referral for surgery is recommended 

after non-pharmacologic interventions have been offered and before functional limitation and 

severe pain have been established (NICE, 2008, Zhang et al., 2008).  

 

In general, joint replacement surgery appears to benefit patients with hip OA more than those 

with knee OA (Ethgen et al., 2004), and is associated with improved outcomes when 

performed by high volume versus low volume centres (Losina et al., 2004, Losina et al., 

2009). A review of outcomes post-joint replacement surgery found greater improvements in 

pain than function and greater improvements in function than mental health and social 

functioning (Ethgen et al., 2004). Despite improvements in function, individuals post-joint 

replacement have substantially lower levels of function than those of age- and gender-

matched peers in the rest of the population (Boutron et al., 2003), suggesting postoperative 
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disabilities will represent an important impact on the health of older people and society 

(Croft, 2005). 

 

Table 1.4 OARSI guidelines for the surgical management of hip and knee OA 

# Recommendation 

1 Patients with hip or knee OA who are not obtaining adequate pain relief and functional 
improvement from a combination of non-pharmacologic and pharmacologic treatment should be 
considered for joint replacement surgery. Replacement arthroplasties are effective, and cost 
effective interventions for patients with significant symptoms, and/or functional limitations 
associated with a reduced health-related quality of life, despite conservative therapy. 

2 Unicompartmental knee replacement is effective in patients with knee OA restricted to a single 
compartment. 

3 Osteotomy and joint preserving surgical procedures should be considered in young adults with 
symptomatic hip OA, especially in the presence of dysplasia. For the young and physically 
active patient with significant symptoms from unicompartmental knee OA, high tibial osteotomy 
may offer an alternative intervention that delays the need for joint replacement some 10 years. 

4 The role of joint lavage and arthroscopic debridement in knee OA are controversial. Although 
some studies have demonstrated short term symptom relief, others suggest that improvement in 
symptoms could be attributable to a placebo effect. 

5 In patients with OA of the knee, joint fusion can be considered as a salvage procedure when joint 
replacement has failed. 

Abbreviations: OA, osteoarthritis. Adapted from Zhang et al. Osteoarthritis Cartilage 2008 
	  

1.5 Cost effectiveness of treatments for osteoarthritis 
If resources were unlimited, the extent of a treatment’s effectiveness would be the only 

information needed to prioritise treatments for the management of OA, with more effective 

treatments prioritised over less effective treatments. However, resources are limited, and the 

additional consideration of a treatment’s cost allows stakeholders to determine which 

treatments produce the most benefit per dollar spent. Therefore, identifying a treatment’s cost 

effectiveness will help decision-makers prioritise treatments for the management of OA.  

 

A number of economic studies have been performed assessing the cost effectiveness of 

treatments for OA including non-pharmacologic (Cochrane et al., 2005, Hurley et al., 2007b, 

Lord et al., 1999), pharmacologic (Black et al., 2009, Kamath et al., 2003, Torrance et al., 

2002, Chen et al., 2008, Fagnani et al., 1998), and surgical treatments (Losina et al., 2009, 

Chang et al., 1996). Although findings with respect to joint replacement have primarily 

shown good value for money for end-stage OA, and pharmacologic therapies have shown 
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mixed results depending on the medications assessed, relatively few non-pharmacologic, 

non-surgical treatments have been studied. Some authors believe society should ‘concentrate 

on progressive joint damage and the need for joint replacement alone’ (Dieppe, 1999); 

however, rates of joint replacement are increasing (Carr et al., 2012) and some consider the 

rate of growth of joint replacement unsustainable (Hunter, 2011). In New Zealand, 

registrations for primary hip and knee replacement surgery have increased relative to a 

decade ago (NZOA, 2009) and demographic changes suggest the demand for joint 

replacement surgery will rise (Access Economics, 2010, Kurtz et al., 2007). The strategy of 

simply concentrating on joint replacement ignores modifiable risk factors that are 

instrumental in the development and progression of OA (Croft, 2005). These modifiable risk 

factors, such as obesity, may be addressed to decrease the number of joint replacements 

needed (Carr et al., 2012). At present no interventions modify the OA disease process, but 

within the context of mechanopathology some authors are reporting the potential for non-

pharmacologic treatments to alter the progression of OA (Croft, 2005, Felson, 2009, Hunter, 

2011). There is a lack of summarised evidence with respect to the cost effectiveness of 

conservative treatments. Additionally, the continued study of non-pharmacologic 

interventions has been called for by the NICE guidelines as well as the World Health 

Organization (WHO) with a focus on the cost effectiveness of these interventions (Woolf, 

2000, NICE, 2008). In chapter 3 of this thesis, a systematic review of the cost effectiveness 

of non-pharmacologic treatments for hip and/or knee OA was completed. 

 

1.6 Summary 
Hip and knee OA are responsible for a substantial societal burden that is expected to increase 

greatly with demographic and lifestyle changes. The projected rate of joint replacement is 

increasing, and non-pharmacologic treatments need to be assessed for their ability to reduce 

this growing burden (Carr et al., 2012, Hunter, 2011). Given the recommendation from 

international guidelines suggesting referral to a physiotherapist may be beneficial in this 

patient population, the interventions that they employ should be studied with a focus on 

maximising efficiency. In addition, promising non-pharmacologic treatments, such as manual 

therapy, should be studied to assess their role in the cost effective management of OA. 

Chapter 2 explores the subjects of health economics and clinical trial-based cost effectiveness 

methodology.   



	  

 
 

27	  

Chapter	  2 Introduction	  to	  health	  economics	  and	  

economic	  evaluation	  

2.1 Introduction 
This chapter is meant as an introduction to the basic concepts of health economics and trial-

based economic evaluation methodology for rehabilitation professionals, in particular 

physiotherapists. It is not intended as a detailed treatise on the subject of health economics. 

Many texts and guidelines are available assist researchers in the conduct of economic 

evaluations (Drummond and Jefferson, 1996, Drummond et al., 2005b, Glick et al., 2007, 

Gold et al., 1996, Ramsey et al., 2005, Philips et al., 2004). The texts by Drummond and 

colleagues and Gold and colleagues are fundamental resources for the conduct of economic 

evaluations; in addition, the text by Glick and colleagues and the report by Ramsey and 

colleagues focus on the conduct of trial-based economic evaluations. Likewise, multiple 

guidelines exist for the review of published research (Chiou et al., 2003, Evers S, 2005, 

Drummond and Jefferson, 1996). A more detailed discussion of many of the following issues 

will be provided in subsequent chapters.  

 

Whereas Europe, Canada, Australia, and New Zealand explicitly use economic evaluations as 

part of the decision-making process, this type of approach is less common, although 

increasingly important, in the US (Neumann and Sullivan, 2006). Both public and private 

payers are using economic evaluation to assess new technologies, offer information for 

facility planning, and inform coverage and payment policies (Neumann and Sullivan, 2006, 

McPake and Normand, 2008). Health economics and the tools and techniques of economic 

evaluation are becoming increasingly relevant to the field of physiotherapy. Recognising the 

importance of this field of research, the American Physical Therapy Association (APTA) 

recently funded a systematic review of economic evaluations that studied interventions within 

a physiotherapist’s professional scope of practice (Peterson et al., 2009). The review 

concluded by calling for a greater awareness of the strengths and limitations of economic 

evaluations in order to guide high quality cost effectiveness studies in physiotherapy 

(Peterson et al., 2009). This chapter is intended to fill this gap in the physiotherapy literature. 
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2.2 The need for value judgements 
Throughout this chapter economic evaluation will be discussed as a decision-making tool for 

the efficient use of health care resources, emphasising the importance of maximising value 

for money within a given budget. However, decision-making rules require value judgments 

(or ethical positions) based on a decision-makers’ beliefs about social justice or equity 

(Cuadras-Morató et al., 2001, Powers and Faden, 2000). Equity concerns include equality of 

use (health care expenditure), distribution of health care according to need, equality of access 

to health services, and equality of health (Culyer and Wagstaff, 1993). These are important 

issues that play a large role in allocation decisions. Any equity principle can be used in an 

economic evaluation although the maximisation of QALYs, often likened to the utilitarian 

principle, is most commonly used and will be used for the remainder of this chapter. 

Maximising health gain alone is insufficient for decision-making as society expresses 

concerns for fairness and equity (Schwappach, 2002). Theoretically, any belief regarding the 

distribution of health can be used in an economic evaluation (Cuadras-Morató et al., 2001, 

Hansen, 2006); in practice, policy makers do not currently have explicit frameworks to reflect 

various ethical concerns (Hansen, 2006, Schwappach, 2002).  

 

2.3 The dismal science 
Economics is often referred to as ‘the dismal science’ (from a phrase coined by 19th-Century 

historian Thomas Carlyle) because the basic tenets of economics include the ‘scarcity’ of 

resources and thus the inevitability of choices having to be made (Maynard, 1987). Scarcity 

is the economic concept that the needs and desires of individuals (and society) exceed the 

resources available for them to be fully satisfied. Scarcity is present in most spheres of life, 

and therefore choices must be made from amongst the alternative uses for resources. 

Economics is the social science concerned with the study of choices; it provides a framework 

for analysing the costs and benefits of competing alternative uses of scarce resources.  

 

2.4 Health economics and basic concepts of economic evaluation 
Health economics is the branch of economics concerned with choices with respect to scarce 

health care resources. Health care is considered an ‘economic good’: one that if it were free 

to consumers there would always be insufficient resources to satisfy everyone’s demands. 

This means health care must be prioritised in some way, which manifests as two types of 
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questions that all health systems have to answer1. First, what are the goals worth achieving 

and which mixture of health ‘technologies’ (procedures, pharmaceuticals, devices, and 

equipment) should be purchased in order to maximise the health of society (allocative 

efficiency)? Second, once a goal is set and a budget constructed, what different combinations 

of resources achieve the maximum health benefit for a given cost, i.e. how should the goals 

be accomplished (production efficiency) (McPake and Normand, 2008, Palmer and 

Torgerson, 1999)?  

 

For example, should resources be allocated to rehabilitation services for patients post cerebral 

vascular accident (CVA)? If rehabilitation is a worthwhile goal, choices with respect to 

patient management exist such as choosing between inpatient rehabilitation and home-based 

stroke rehabilitation. If inpatient rehabilitation is superior to home-based stroke 

rehabilitation, would results be the same or better if one-on-one treatment times were spent 

with a physiotherapist versus a physiotherapist’s assistant? Which programme provides for 

the most efficient use of resources? In other words, which programme produces the greatest 

increase in health outcomes without using more resources? If an improvement in health 

outcomes is produced and more resources are used, is this additional use of resources 

considered good value for money? Economic evaluations are designed to assist decision-

makers by providing a systematic framework for the comparison of both the costs and the 

effects of at least two competing programmes. They involve identifying, measuring, valuing, 

and comparing the costs and benefits of alternative health technologies (Drummond et al., 

2005b). Figure 2.1 illustrates this decision-making framework in the simple case of two 

competing alternatives where investigators follow costs and health outcomes over time. Two 

main forms of economic evaluation exist: trial-based economic evaluations and decision 

analytic models. The basic decision-making framework and many concepts are the same 

between the two forms of analysis, however there are substantial methodological differences 

                                                
1 It should be noted that a third type of question exists regarding efficiency. Technical 

efficiency is achieved when the maximum possible improvement in outcome is obtained from 

the lowest amounts of a set of resource inputs (Palmer and Torgerson, 1999). For example, if 

a study assessing the effectiveness of a medication on knee OA found that a 10mg dose 

produced the same effect as a 20mg dose, the lower dose is technically more efficient. 

Technical efficiency addresses the issue of using given resources to maximum advantage; 

however, it is not discussed further in this thesis because it cannot directly compare 

alternative interventions (Palmer and Torgerson, 1999). 
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(Philips et al., 2004, Ramsey et al., 2005). The remainder of this thesis will focus on the 

methodology of trial-based economic evaluations.   

 

 
Figure 2.1 Basic structure of an economic evaluation: Two competing treatments, A and B, are 
followed over time. The comparison includes health outcomes much like those one would find in 
a controlled trial. In addition, economic evaluations follow costs to enable the assessment of 
efficiency. Adapted from Drummond and colleagues (Drummond et al., 2005b) 

 

 Comparative and incremental costs  2.4.1

Formal economic evaluations are always comparisons between two or more competing 

interventions. The incremental costs and effects of a treatment are necessary to identify its 

value in terms of expenditure per unit of effectiveness. The incremental difference in costs 

and effect identify the additional expenditure required to obtain an additional unit of health 

benefit, where one treatment is compared to another (Kobelt, 2007).  

 

The importance of the incremental analysis can be seen in Table 2.1, which reports the results 

from an economic evaluation of alternative diagnostic strategies for patients with clinically 

suspected deep vein thrombosis (DVT) (Hull et al., 1981). The average costs for strategies 1 

and 2 are shown in the last column as $2264 and $3003 per correct diagnosis respectively. It 
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may be tempting to compare the last column and consider the relatively small difference in 

cost per correct diagnosis ($739) between the two strategies as an additional price worth 

paying per diagnosis in order to identify more DVTs. However, this amount does not equal 

the additional cost per additional correct diagnosis: it is the difference in average costs per 

correct diagnosis. In the final row, the incremental difference of the two strategies is reported. 

The additional benefit that strategy 2 offers is 59 correct diagnoses at an additional cost of 

$282,064. This produces a cost per additional correct diagnosis of $4,781 (i.e. $282,064/59). 

This may still be a good use of resources, but it is more than 150% higher than the average 

cost of strategy 2 per correct diagnosis. 

  
Table 2.1 Incremental analysis* of diagnostic strategies for clinically suspected deep vein 
thrombosis 

Diagnostic strategy Cost 
(US$) 

Number 
of correct 
diagnoses 

Cost per correct 
diagnosis (US$) 

1. Impedence plethysmography (IPG) 
alone 

321 488 142 2264 

2. IPG plus outpatient venography if IPG 
is negative  

603 552 201 3003 

 Incremental difference of 2 strategies 282 064 59 4781 

*Adapted from Hull et al. (1981). This table shows the costs of the diagnostic strategies under the cost 
column, their effectiveness in the number of correct diagnoses column, and cost per correct diagnosis 
in the last column. The final row shows the incremental difference of the strategies. The final column 
divides the additional cost over the additional benefit produced by diagnostic strategy 2 in order to 
determine the incremental cost effectiveness ratio.	  

	  

 The treatment comparator 2.4.2

The choice of comparator treatment is very important in an economic analysis. If resources 

were unlimited it would be ideal for all possible comparator programmes to be included in 

the analysis (Gold et al., 1996). The available comparators are based on the treatments 

available for the disease under consideration, therefore all forms of treatment for the 

management of hip and knee OA (as discussed in Chapter 1) could be included in an analysis. 

In reality, funds are not unlimited for carrying out clinical trials and relatively few treatment 

comparators need to be chosen. Therefore, the comparator chosen should be a known cost 

effective treatment, best alternative care, a “do nothing” alternative or the usual medical care 
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(or a combination of these) for the population under investigation (Glick et al., 2007, NICE, 

2004, Gold et al., 1996). Some jurisdictions may have particular preferences with respect to 

the primary comparator used. For example, it is the expectation that all economic analyses 

carried out by NICE include best practice, with usual care also assessed where it differs from 

best practice (NICE, 2004). In Australia, the comparator that is expected in economic 

analyses of pharmaceuticals is “the therapy which most prescribers will replace with the 

proposed drug” (PBAC, 2006). By using either of these comparators, the analysis can answer 

whether the addition of the new treatment improves upon current or best practice.  

 

For decision-makers, the advantage of ‘usual care’ as a comparator is the potential to 

demonstrate the impact of adding the new treatment into the range of currently available 

medical treatments for the condition under investigation (Gold et al., 1996). This approach 

best matches data from community practice (Gold et al., 1996). However, usual care is often 

different across jurisdictions and time, which may decrease the generalisability and 

transferability of findings (Drummond et al., 2009a, Drummond et al., 2005a). This is the 

rationale for using ‘best practice’ as defined by clinical guidelines (NICE, 2004). The 

advantage of a ‘do nothing’ comparator is that it provides a good baseline for the cost 

effectiveness of the intervention itself as opposed to assessing the intervention relative to the 

mix of usual care interventions (Gold et al., 1996). 

 

Each choice of comparator has its limitations, with multiple comparators recommended if 

needed to aid in decision-making (NICE, 2004). Best practice comes with the limitation that 

it may not be well defined or well adhered to by practitioners in the community. In addition 

to potential limitations of generalisability, usual care (the status quo mixture of interventions) 

may comprise a combination of treatments that is cost-ineffective (Gold et al., 1996). 

Without a cost effective treatment or usual medical care as the comparator, an analysis may 

not be meaningful to decision-makers. This sets up the scenario in which the treatment is 

compared to a “straw man” (Gold et al., 1996). For example, in a recent economic analysis 

assessing cost effectiveness of physical therapy in patients with hip and knee OA, the authors 

chose to compare a new treatment to a set of physiotherapy instead of using usual care or a 

known cost effective comparator (Coupe et al., 2007). Because the guidelines were not 

established as a cost effective treatment option, the analysis was unable to determine whether 
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the new treatment for the management of hip and knee OA was superior to other potential 

alternatives for amongst usual care (Glick et al., 2007). Ultimately, the choice of comparator 

should reflect the question that is being asked by the analysis and it is most useful to 

decision-makers when a known cost effective comparator is used. 

 

 Costs versus benefits 2.4.3

In health economics, comparing the costs and benefits of the alternatives under consideration 

and choosing the one (or ones) with the greatest net benefit are the essence of rational 

decision-making. Indeed, not to operate in this manner is considered by some to be unethical 

because using health care resources inefficiently results in waste (Donaldson, 1998). This 

waste can be thought of in terms of patients with unmet health care needs. Ideally, the 

comparison of costs and benefits would result in the efficient use of scarce resources. In 

practice, comparing costs and benefits can be challenging because it depends on how they are 

defined, measured, and valued. 

 

 Opportunity costs 2.4.4
The cost of a good or service is commonly thought of as its price, expressed in monetary 

terms. However, in economics the cost of a good or service is not the dollars spent on the 

good or services per se but the opportunity lost from not being able to use those dollars for 

their next best alternative use (Palmer and Raftery, 1999). This concept is known as 

‘opportunity cost’. For example, if hospital administrators choose to start a physiotherapy 

programme directed at managing patients with acute low back pain, the cost of this 

programme is the loss of these resources for (and potential benefits derived from) funding the 

next best hospital programme available. Perhaps the hospital would increase health benefits 

and reduce (or incur acceptable) costs by increasing nurse-to-patient ratios. In practice it is 

rare to identify measures of opportunity costs, and common solutions are second-best 

approximations of this cost that will be discussed later in this chapter (Glick et al., 2007). 

Despite being difficult to calculate, one of the benefits of considering opportunity costs is the 

reminder that harm is caused by the inefficient use of resources in terms of foregone 

opportunities (McPake and Normand, 2008). 
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 Perspective of the analysis 2.4.5
The range of costs included in an analysis will be based, in part, on the perspective of the 

analysis (Drummond et al., 2005b, Glick et al., 2007, Ramsey et al., 2005). Possible 

analytical viewpoints include those of society, the funder (including third-party payers or 

Medicaid/Medicare), the government, the patient (individual), the employer, the specific 

institution, department budgets, and the agency providing the programme (Drummond et al., 

2005b, Glick et al., 2007, Goodacre and McCabe, 2002). The particular perspective chosen 

determines how the opportunity cost will be defined and measured (Goodacre and McCabe, 

2002). 

 

The perspective of analysis is important as the inclusion of different cost items may affect 

whether or not a treatment is considered good value for money. The societal viewpoint allows 

for the broadest capture of costs, and is recommended as the base case analysis to limit cost 

transfers and allow comparability of results (Gold et al., 1996). Although the societal view is 

often recommended, there are situations when a narrower perspective is appropriate 

depending on the question that is being addressed (Adam et al., 2003). For example, the 

objective of the National Institute for Clinical Excellence (NICE) in the UK is to “offer 

guidance that represents an efficient use of limited NHS . . . resources”, and therefore, for 

analyses in the UK, the perspective of the NHS should be used as the reference case (or 

baseline analysis) (NICE, 2004, p. 22).  

 

The choice of perspective is extremely important as a programme may look beneficial from 

one perspective but not from another (Drummond et al., 2005b). For example, the viewpoint 

of the hospital system will recognise costs to the hospital but will ignore out-of-pocket 

expenses of patients. Centralizing hospital services for wound management to urban areas 

may provide substantial savings from the viewpoint of the hospital system by lowering labour 

and overhead costs (building costs, electricity, administration, etc.), but this savings may 

come, in part, by shifting costs to individual patients. Patients in rural areas are likely to 

experience increased costs with respect to out-of-pocket expenses, work loss, time and 

transportation costs, non-medical goods and services, and family/caregiver costs (Dijksman 

et al., 2008, Ramsey et al., 2005).  
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 Measuring health care use 2.4.6
When conducting an economic evaluation it is important to determine which cost categories 

will be followed over the course of the trial. Those that are followed and the detail with 

which they are gathered should reflect how the treatments under investigation are likely to 

impact each cost category (Drummond et al., 2005b). For example, if a physiotherapy 

treatment strategy is expected to decrease the number of primary care visits due to a 

decreased need for follow up, tracking primary care service use in minutes may not be 

necessary; the expectation is that differences will be seen in the number of visits reported. To 

collect detailed information on visit length may be an inefficient use of resources if the 

treatment is not expected to impact visit length. 

 

For all perspectives, health service use is typically measured by searching medical records or 

by asking patients about their health service use via diaries, questionnaires, or interviews. A 

search of medical records can be performed manually or electronically through administrative 

databases. Although considered the gold standard (Raina et al., 2002, Ritter et al., 2001), this 

form of data collection has limitations often requiring analysts to seek some form of patient 

report (see Table 2.2) (Ritter et al., 2001, Jordan et al., 2006, Raina et al., 2002, van den 

Brink et al., 2005). Patient-reported methods are convenient because only one source (the 

patient) needs to be approached to capture all service use, but there are many factors that can 

reduce accuracy when using patient-reported measures. These factors include recall 

timeframe, type of utilisation, utilisation frequency, survey design, mode of data collection, 

and memory probes or aids (Bhandari and Wagner, 2006). Long recall timeframes are a 

commonly cited source of inaccuracy (Bhandari and Wagner, 2006). However, a well 

constructed assessment tool includes relevant cost categories (Mittendorf et al., 2003), is 

validated for use in the patient population under study (Cronan and Walen, 2002) , and will 

likely result in the accurate capturing of costs. The use of this methodology will be further 

discussed in Chapters 3 and 7 of this thesis. 

 

 Applying costs 2.4.7

Costs are often captured for each treatment group by applying price weights to the reported 

use of health care services. Price weights can be centre-specific or national (diagnosis-related 

group payments), and the decision to use one versus the other may be influenced by the study 
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question (Glick et al., 2007). For example, if the goal of the analysis is to assist hospital 

department decisions then hospital-specific price weights would be most relevant, being a 

more accurate estimate of costs incurred in the hospital centre (Glick et al., 2007). Centre-

specific price weights may be less applicable to government decision-making bodies (Glick 

et al., 2007). Advantages of national price weights include their general acceptance as a 

source for medical services. Additionally, they typically include most services captured in a 

trial and commonly share methodology between jurisdictions (Glick et al., 2007).  

	  

Table 2.2 Methods for capturing health service use 

Method Advantage Disadvantage 
Patient medical 
records/ 
administrative 
databases 

Provide accurate data on 
resource utilisation 

Minimal burden on patients 

Considered ‘gold standard’ 

 

 

Multiple providers must be approached 
per participant 

Partial representation of direct cost per 
provider 

Lack data on nonmedical resources 
and indirect costs 

Access to records may be restricted 
due to privacy and security concerns 

Record keeping/coding may not be 
standardised across centres 

Patient 
diaries/interviews 

High level of detail possible 

Can provide data on multiple 
providers  

Can provide data on 
nonmedical resource use and 
indirect costs 

Recall bias 

Patient lack of knowledge 

Noncompliance, missing data, 
censored data 

May be burdensome 

Adapted from O’Sullivan, Thompson, and Drummond (O'Sullivan et al., 2005) 
 

Caution must be used with price weights. They represent “second-best approximations” of 

the opportunity cost (Glick et al., 2007, p. 32), and may be poor substitutes. For example, if, 

after a price weight is established for a service, technological changes substantially alter the 

way the service is delivered, the price weight will be an inaccurate approximation of the 

opportunity cost (Drummond et al., 2005b). For costs not captured by price weights, 

disaggregated costs may be captured through micro-costing whereby unit costs are calculated 

based on each component of the service (Ramsey et al., 2005, Drummond et al., 2005b). 

Drummond and colleagues provide good examples of different accounting and costing 
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methods, but it should be noted that all costing methods are only estimates of the true 

opportunity cost. (Drummond et al., 2005b, Glick et al., 2007). The choice of costing method 

should be based on the degree to which a cost item reflects the treatment under investigation. 

This choice should also consider the feasibility of capturing the data (Drummond et al., 

2005b, Glick et al., 2007).  

 

2.5 Health outcomes and types of economic evaluation 
Relative to costs, measuring and valuing health outcomes is more challenging. What is the 

value of a death prevented? In other words, what is the value of a human life? What is the 

value of eliminating first time low back pain and reducing its recurrence? Economists have 

invented many methods of arriving at valuations for such incommensurable and intangible 

‘goods’ that are (desirably) not traded in markets. Health outcomes can be valued in a variety 

of ways including monetary units such as US$ (or other currencies), surrogate/intermediate 

end points such as biological markers or total joint replacements averted, or final end point 

such as life years gained (Drummond et al., 2005b, Glick et al., 2007). In practice, there are 

no limits to the type of benefit that can be used in an economic evaluation (Glick et al., 

2007).  

 

The different types of benefits found in economic evaluations lead naturally to a discussion 

of the different types of economic evaluation. All such types have been designed to overcome 

problems associated with measuring and valuing health benefits. Ideally the measure of 

benefit in an economic evaluation allows competing alternatives to be assessed across 

multiple domains (i.e. quantity and quality of life), allows for a comparison between illnesses 

and disciplines, and can be valued (Glick et al., 2007). Measuring health outcome in 

monetary units (e.g. US$) is useful to decision-makers because it is the broadest unit of 

measurement allowing for the determination of how best to use resources subject to a given 

budget constraint (production efficiency) and across budgets (allocative efficiency) 

(Drummond et al., 2005b, McPake and Normand, 2008). This is the unit of benefit that is 

used in a cost benefit analysis (CBA).  
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 Cost benefit analysis 2.5.1
Cost benefit analysis (CBA) is rooted in the potential-Pareto-improvement criterion2, which 

asserts that a policy can be judged to create an improvement to society if those who gain from 

the policy could fully compensate those who lose as a result of the policy and still be better 

off (Drummond et al., 2005b, O'Brien and Gafni, 1996). In CBA, this comparison is 

accomplished through valuing health outcomes in monetary units. The primary approaches 

for estimating the value of life include the human capital, revealed preference, and contingent 

valuation, also known as willingness-to-pay (WTP) (Hirth et al., 2000).  

 

Using the human capital approach, health benefits are defined in terms of future wages 

earned. A controversial aspect of the human capital approach is the reduced value of 

life/health for the poor and individuals outside of the labour force (Blumenschein and 

Johannesson, 1996). This approach also has been criticised for not being grounded in the 

rationale of economic theory used in CBA (Mishan, 1971, Hirth et al., 2000).  

 

The revealed preference approach bases the value of life on real life economic choices. The 

value of something to a consumer is what someone is willing to pay for the item. Using 

revealed preferences, workers who have accepted ‘hazard pay’ made an economic choice 

relative to an added risk from their jobs. The values that these workers put on their lives can 

be inferred from these decisions (Hirth et al., 2000). A shortcoming with this approach is an 

assumption of linearity that is often implausible. Mishan illustrates this with the unlikely 

example that a man who accepts $100,000 for a four-to-one chance of survival will agree to 

certain death for $500,000 (Mishan, 1971). There are additional limitations including the 

representativeness of the sample of individuals who choose higher risk jobs (Hirth et al., 

2000).  

 

                                                
2 Vilfredo Pareto was a sociologist who defined a desirable economic change as one in which at least 
one individual is better off, and no one is worse off than before (Drummond et al., 2005b). This 
desirable economic change was known as a Pareto Improvement, but is rarely possible with economic 
policy. The Kaldor-Hicks compensation principle suggests a Potential Pareto Improvement could 
occur from an economic policy that makes one set of individuals better off and another worse off, if 
those who have been made better could compensate those who were made worse and still benefit from 
the change (Culyer and Newhouse, 2000).  
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The most common approach to valuing life involves estimating an individual’s WTP for, or 

willingness to accept money in lieu of, health benefits (McPake and Normand, 2008, Olsen 

and Smith, 2001). The most common method for estimating WTP is known as contingent 

valuation which attempts to create a hypothetical market for purchasing an extension of life 

or an improvement in quality of life. A person is asked the maximum amount they are willing 

to pay for a particular health gain. Such questions to elicit WTP can be framed with (1) 

certain outcomes, (2) uncertainty in outcomes (ex post perspective), and (3) uncertain need 

and uncertain outcomes (ex ante perspective). 

 

 The difference between these perspectives can be seen in the following situations: (1) how 

much would a knee arthritis sufferer be willing to pay for a normal knee joint?; (2) how much 

would a low back pain sufferer be willing to pay for a treatment that provides a 25% chance 

for improvement (ex post perspective), and (3) how much would a person with a 10% chance 

of suffering a cerebral vascular accident (stroke) pay for a rehabilitation treatment that 

provides a 60% chance of full recovery (ex ante perspective). The difference between the 

described perspectives for valuing health benefits is the addition of risk. This approach to 

valuing benefits is attractive because in theory there are no restrictions placed on how 

individuals value benefits including non-health attributes such as information, caring, anxiety 

reduction, and communication (Olsen and Smith, 2001). In practice, however, these attributes 

are seldom valued, and most studies are limited to the comparison of costs (McIntosh et al., 

1999, McPake and Normand, 2008, Olsen and Smith, 2001). 

 

 Cost effectiveness analysis 2.5.2

The limitations of valuing life led to the development of the cost effectiveness analysis 

(CEA) (Blumenschein and Johannesson, 1996). CEAs measure health benefits in one 

common natural unit of health such as, depending on the application, a point improvement on 

the numeric pain rating scale or in degrees of range of motion. The benefit of using natural 

units is that they are often more intuitive to the decision-maker who is choosing between 

interventions addressing the same disease or conditions within a known budget constraint. 

Clearly, they also avoid the problems associated with eliciting valid and reliable WTP 

estimates.  
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Natural units can be a useful measure of benefit for assessing production efficiency 

(Drummond et al., 2005b). For example, in assessing treatments for patients with ankle 

sprains, the lower extremity functional scale may be used as a common measure of benefit. 

As therapy programmes often address multiple objectives, i.e. improvement in function and 

pain relief, more than one measure of benefit may be presented. The cost consequences 

analysis (CCA) is a variation of the CEA that considers several outcomes simultaneously, 

allowing decision-makers to choose between the most useful measures of benefit and make 

trade-offs between effects (Drummond et al., 2005b). 

 

Natural units are most useful when measured in final units that are shown to have some value 

such as life years gained or number of falls prevented (Drummond et al., 2005b). A problem 

with the measure of final units is that they may have unequal value. For example, some years 

have better health-related quality of life (HRQoL) than others and should be considered to be 

more valuable (Blumenschein and Johannesson, 1996); this concept will be discussed further 

with the introduction of cost utility analyses. Often in the physiotherapy literature 

intermediate outcomes are used, such as improvements in subjective pain reports or 

improvement in the Western-Ontario and McMaster’s University osteoarthritis index 

(WOMAC). These outcomes are most useful to decision-makers when they can be linked to a 

final unit of outcome (such as a life year gained) or if they can be shown to have some 

monetary value because different intermediate outcomes can be incommensurable. For 

example, it may be difficult to value a one-point improvement on the WOMAC pain subscale 

or a percentage improvement in the proportion of patients who improve 15% on the 

WOMAC function subscale or whether one improvement is better than the other (Table 2.3).  

 

A benefit of CEAs is that they allow for the assessment of competing alternatives within 

similar disciplines or disease groups, but, as seen in Table 2.3, results are often difficult to 

compare within like groups. For example, from the findings in Table 2.3, a decision-maker 

must consider which is more preferable: (1) a programme that costs $1515 per unit 

improvement on the WOMAC pain subscale or (2) a programme that costs $4200 per 1% 

change in the proportion of participants improving 15% on the WOMAC function subscale. 

This illustrates how health benefits reported in natural units are often difficult to value. 

 



	  

 
 

41	  

Table 2.3 Primary cost effectiveness measures of two economic evaluations from the OA 
literature 

Population Intervention Outcome Cost per unit 
of benefit 

Source 

Hip and 
knee OA 

Water-based exercise 
vs. usual care 

WOMAC pain 
subscale 

$1515 (Cochrane et al., 
2005) 

Severe knee 
pain 

Rehabilitation vs. 
usual care 

15% improvement 
in WOMAC 
function subscale 

$4200 (Hurley et al., 
2007b) 

 

 Cost utility analysis 2.5.3
A metric that meets the objectives of being comparable across disciplines and disease states 

is the quality-adjusted life year (QALY), the unit of benefit for a cost utility analysis (CUA). 

The CUA is a form of CEA whose outcome measure is distinct enough to merit a different 

name in the majority of the world (Drummond et al., 2005b); though, these studies typically 

continue to be referred to as CEAs in the US. The QALY is a summary measure of health 

developed to address differences in the HRQoL on the value of a life year (Blumenschein and 

Johannesson, 1996, Drummond et al., 2005b). It allows for the combined impact of death and 

morbidity to be considered simultaneously (Gold et al., 2002) and is recommended as the 

measure of benefit across all cost effectiveness assessments (Gold et al., 1996, Ramsey et al., 

2005). The QALY can be used to assess productive efficiency and allocative efficiency 

within the health care sector (Drummond et al., 2005b). The QALY has merits as a measure 

for use in the assessment of physiotherapy treatments, which are often performed to improve 

HRQoL instead of saving life years (although in some instances they may save lives too).   

 

2.5.3.1 Health-related quality of life  

HRQoL is a subjective measure used to describe a person’s health status as represented on 

multiple dimensions (domains) of health. Measures of HRQoL assess a person’s perception 

of the impact of disease and treatment on her health (O'Shaughnessy and Elder, 2009). 

Instruments that measure HRQoL address a range of domains thought to be central 

components to overall health (Gold et al., 2002, Nemeth, 2006) such as physical function, 

mental health, symptoms, cognition, and work life/role limitations, etc. HRQoL instruments 

can be disease specific or generic such as, respectively, the WOMAC and Short Form-36 
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(SF-36). Disease-specific instruments are designed for a particular patient population, 

disease, condition, or function whereas generic instruments measure aspects of health in 

terms that are broad enough to encompass most health interventions (Blumenschein and 

Johannesson, 1996). Disease-specific instruments are regarded as more responsive to changes 

within a specific disease (Donaldson et al., 1988), but values may not be comparable to other 

conditions (Brazier et al., 1999). Generic instruments are important to use because they allow 

for a comparison across diseases and conditions, and they may be better suited to capturing 

treatment side effects, complications of treatment unrelated to the condition, and co-

morbidities (Brazier et al., 1999, Drummond et al., 2003).   

 

2.5.3.2 Quality-adjusted life years  

HRQoL weights must be calculated from an individual’s perception of their health state (or 

hypothetical health state) and are usually represented on an interval scale from 0 

(representing death) to 1.0 (perfect health) (Gold et al., 2002). Although the lower bound (0) 

represents death, some health states can be considered worse than death and so HRQoL 

values can be negative (Drummond et al., 2005b). Preferences for HRQoL are most 

commonly calculated using the visual analogue scale, time trade off (Torrance et al., 1972), 

or the standard gamble approach (von Neumann and Morgensten, 1944). The visual analogue 

scale asks individuals to explicitly state their preferences for a health state by marking a point 

on a scale from zero to one (Shroufi et al., 2011). Standard gamble and time trade off 

methods produce values for health states by asking individuals to indicate the risk of death 

they would be willing to accept or the amount of time they would be willing to sacrifice, 

respectively, in order to return from the health state being described (or experienced) to 

perfect health (Gold et al., 2002). The standard gamble approach differs by creating a choice 

incorporating uncertainty. These approaches are compared in Table 2.4. Although all forms 

of measurement will result in preferences, ‘utilities’ are preferences that are determined under 

conditions of uncertainty (Drummond et al., 2005b)3.  

                                                
3 Amongst the first attempts at developing a utility theory, Bernoulli (1738) considered a gamble (the 
St. Petersburg Paradox) in which an individual has very low chances of winning a very large sum of 
money (Barbera et al., 2004). He expected few individuals would pay a large amount to enter that 
gamble (though there was a large amount of money to be gained) and suggested monetary value 
should be replaced by expected utility as the relevant criterion for decision-making under risk. It was 
not until 1947 that that the utility function described by Bernoulli was applied in von Neumann-
Morgenstern utility theory (from which cost utility analysis is named) (Drummond et al., 2005b, 
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Table 2.4 Comparison of approaches* for the identification of health state preferences 

Method Description Example  Interpretation  
Standard 
gamble 

Respondents choose 
between a certain 
intermediate outcome or 
a gamble with a specific 
probability of obtaining 
a better and worse 
outcome.  

Respondent is given two 
alternatives: 

Alternative 1: 10 years with 
end stage knee OA. 

Alternative 2: A treatment 
that provides a 70% 
probability of fully restored 
health and 30% chance of 
immediate death. 

Where the respondent is 
indifferent between the 
known intermediate outcome 
and the gamble, the 
probability of fully restored 
health (in the case of column 
2, 0.7) is the preference.  

Time trade 
off 

Respondents choose 
between different 
lengths of time in 
specific health states. 
There is no uncertainty. 

Respondent is given two 
alternatives: 

Alternative 1: 15 years with 
end stage knee OA 

Alternative 2: 10 years of 
full health followed by 
death. 

The preference score is 
calculated at the point that 
the respondent is indifferent 
between the choices.  

If indifferent to the choices 
in column 3, the preference 
score would be the number 
of healthy years (10) divided 
by morbid years (15) or 
0.667. 

Visual 
analogue 
scale 

Respondents are able to 
indicate their 
preferences on a line 
with well-defined 
endpoints.  

Respondent rates current 
health state on a scale 
between ‘death’ or ‘worst 
health state imaginable’ (0) 
and ‘full health’ (1). 

Line measures 0 to 1, scale 
range is 0 to 100.  

The point on the line 
measured up from 0, divided 
by 100 represents the score. 

 *For chronic states considered better than death 
 
 
Most trial-based economic evaluations assess HRQoL using pre-scored instruments 

(questionnaires). Commonly used, pre-scored instruments include the Health Utilities Index 

Mark 2 (HUI2) or Mark 3 (HUI3) (Torrance et al., 1996, Feeny et al., 2002), the EuroQol 

Group’s EQ-5D (see Table 2.5) (The EuroQol Group, 1990), and the Quality of Well-Being 

scale (Kaplan and Anderson, 1988). In addition, the Short Form 6D (SF-6D) is a scoring 

algorithm used to convert QALY scores from the SF36 or the SF12 (Brazier et al., 2002, 

Brazier and Roberts, 2004), Tables 2.6 and 2.7 illustrate how utilities are generated using the 

                                                                                                                                                  
Barbera et al., 2004). In their utility theory von Neuman and Morgenstern showed that preferences of 
a decision-maker could be represented by the expected value of a real-valued utility function 
(Drummond et al., 2005b, Barbera et al., 2004). 
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scale (Kaplan and Anderson, 1988). In addition, the Short Form 6D (SF-6D) is a scoring 

algorithm used to convert scores from the SF36 or the SF12 into QALYs (Brazier et al., 

2002, Brazier and Roberts, 2004). Tables 2.6 and 2.7 illustrate how utilities are generated 

using the SF-6D. The pre-scored weights can be based on surveys of the general population 

or on surveys of patients with the particular disease under investigation. In both cases the 

weights represent levels of health in different states (Brauer et al., 2006, Shroufi et al., 2011). 

The rationale for using preferences based on the general public includes use of CEA as a tool 

for allocating societal resources, concerns that patients cannot accurately value their own 

health and removing self interest from the valuation (Ubel et al., 2000). The rationale for 

including patient preferences includes experience of the disease state under question, 

descriptions of the health states (for general public preferences) for a given disease will most 

certainly be incomplete, and the concern that the general public may be biased against 

individuals with illness (Ubel et al., 2000). There is conflicting evidence as to whether 

weights generated from the general public result in different QALY scores than those 

generated by patients. 

 

Some studies have shown that patient-based preferences tend to provide higher estimates of 

health than societal preferences (Pickard et al., 2012, Sackett and Torrance, 1978, Boyd et al., 

1990), which may reflect a patient’s ability to adapt to illness (Ubel et al., 2000). Other 

studies have replicated health state preference measurements using different populations with 

no significant differences between the original and secondary populations (Wang et al., 2002, 

Balaban et al., 1986). Despite some evidence that prior experience with disease does not 

matter, Pickard and colleagues suggest that patient preferences be used to address clinical 

decision-making rather than societal decision-making (Pickard et al., 2012). 

 

There appears to be less conflict with respect to applying general public preference scores 

between general populations. Studies have shown that preference scoring does not vary 

significantly as a function of demographic variables (Le Gales et al., 2002, Kaplan, 1994, 

Kaplan and Anderson, 1988, Drummond et al., 2005b). For example, the score of the SF-6D 

is based on preference weights derived from the general UK population (Brazier and Roberts, 

2004). It was once thought that reference weights derived from one general population should 
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Table 2.5 EQ-5D Health Questionnaire (English version for the UK) 

Mobility 
1. I have no problems walking about ❑ 
2. I have some problems walking about ❑ 
3. I am confined to bed. ❑ 
 
Self-care 
1. I have no problems with self-care. ❑ 
2. I have some problems washing or dressing myself. ❑ 
3. I am unable to wash or dress myself. ❑ 
 
Usual Activities (e.g. work, study, housework, family or 
 leisure activities). 
1. I have no problems with performing my usual activities ❑ 
2. I have some problems with performing my usual activities. ❑ 
3. I am unable to perform my usual activities. ❑ 
 
Pain/discomfort 
1. I have no pain or discomfort. ❑ 
2. I have moderate pain or discomfort. ❑ 
3. I have extreme pain or discomfort. ❑ 
 
Anxiety/depression 
1. I am not anxious or depressed. ❑ 
2. I am moderately anxious or depressed. ❑ 
3. I am extremely anxious or depressed. ❑ 

© 1990 EuroQol Group. EQ-5D™ is a trademark of the EuroQol Group  
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Table 2.6 The short form-6D (SF-12 version) 

Physical functioning 
1. Your health does not limit you in moderate activities 
2. Your health limits you a little in moderate activities 
3. Your health limits you a lot in moderate activities 
 
Role limitation 
1. You have no problems with your work or other regular daily activities as a result of your physical 
health or any emotional problems 
2. You are limited in the kind of work or other activities as a result of you physical health 
3. You accomplish less than you would like as a result of emotional problems 
4. You are limited in the kind of work or other activities as a result of your physical health and 
accomplish less than you would like as a result of emotional problems 
 
Social Functioning  
1. Your health limits your social activities none of the time 
2. Your health limits you social activities a little of the time 
3. Your health limits your social activities some of the time 
4. Your health limits your social activities most of the time 
5. Your health limits your social activities all of the time 
 
Pain 
1. You have pain that does not interfere with your normal work (both outside the home and 
housework) at all 
2. You have pain that interferes with your normal work (both outside the home and housework) a 
little bit 
3. You have pain that interferes with your normal work (both outside the home and housework) 
moderately 
4. You have pain that interferes with your normal work (both outside the home and housework) 
quite a bit 
5. You have pain that interferes with your normal work (both outside the home and housework) 
extremely 
 
Mental health 
1. You feel tense or downhearted and low none of the time 
2. You feel tense or downhearted and low a little of the time 
3. You feel tense or downhearted and low some of the time 
4. You feel tense or downhearted and low most of the time 
5. You feel tense or downhearted and low all of the time 
 
Vitality  
1. You have a lot of energy all of the time 
2. You have a lot of energy most of the time 
3. You have a lot of energy some of the time 
4. You have a lot of energy a little of the time 
5. You have a lot of energy none of the time 
Adapted from Brazier and colleagues, Table 2 (Brazier and Roberts, 2004) 
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Table 2.7 SF-6D Utility scoring model and patient scoring example 

General terms Physical 
functioning 

Role 
limitations 

Social 
functioning 

Pain Mental health Vitality 

Term Score Level Score Level Scores Level Scores Level Score Level Score Level Score 

C 1.000 PF1 −0.000 RL1 −0.000 SF1 −0.000 PAIN1 −0.000 MH1 −0.000 VIT1 −0.000 

MOST −0.070 PF2 −0.000 RL2 −0.063 SF2 −0.063 PAIN2 −0.000 MH2 −0.059 VIT2 −0.078 

  PF3 −0.045 RL3 −0.063 SF3 −0.066 PAIN3 −0.042 MH3 −0.059 VIT3 −0.078 

    RL4 −0.063 SF4 −0.081 PAIN4 −0.077 MH4 −0.113 VIT4 −0.078 

      SF5 −0.093 PAIN5 −0.137 MH5 −0.134 VIT5 −0.106 
 
Scoring model 4 from Brazier and colleagues (Brazier and Roberts, 2004).  
Utility = C + PF + RL + SF + PAIN + MH + VIT + MOST 
Utility= utility on a 0 – 1 dead – healthy scale, C = constant term, PFx = level x on the physical functioning dimension, same for the other dimensions, 
MOST – term to use if any dimension is at its most severe level.   
 

 

An example of patient scoring from the MOA Trial economic evaluation reported in Chapter 6: 

A randomly selected patient scored a 342434 using the SF-6D scoring model above.  

Utility score = 1.000 (Constant) + −0.045 + −0.063 + −0.063 + −0.077 + −0.059 + −0.078 + −0.070 (MOST) = 0.545 
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2.5.3.3 Calculating QALYs 

QALYs are calculated by combining HRQoL weights with the amount of time spent in those 

health states (Manca et al., 2005). In most clinical trials, the time-periods for which HRQoL 

data are captured coincide with the number of follow up assessments. Preference scores are 

weighted at the beginning and end of each follow up in order to estimate the total number of 

QALYs gained, an example of a QALY table is shown in Table 2.8. 

 

 
Table 2.8 QALY table 

Follow up  Calculation QALYs 
0-4 months (0.896+0.896)×0.5×0.33 0.298 

4-8 months (0.896+0.535)×0.5×0.33 0.238 

8-12 months (0.535+0.640)×0.5×0.33 0.196 

Total, 1 year  0.732 

 Adapted from Glick et al (Glick et al., 2007). In this example, the simulated participant attended 
three follow up sessions (each representing one-third of a year). The same HRQoL values were 
recorded at baseline and four months (0.896), and at eight and 12 months the reported values were 
0.535 and 0.640 respectively. In order to estimate average QALYs over the first one-third of the year, 
baseline preference values are combined with four-month values then divided in half and multiplied 
by one-third. 
 

 
Figure 2.2, based on the results from Bulthuis et al (Bulthuis et al., 2008), shows QALYs 

gained in two groups of patients with arthritis following intensive exercise therapy or usual 

care (Bulthuis et al., 2008). Both groups enjoyed more QALYs over the one-year period (the 

dark grey), but the intensive exercise therapy group showed an incremental QALY gain 

relative to usual care (the light grey) at both points. The combination of the QALY gain at 

both time points resulted in a total difference of 0.09 QALYs (Bulthuis et al., 2008). Figure 

2.2 provides a simplified example for determining QALY differences; estimating QALY 

differences between groups requires use of regression to adjust for baseline HRQoL because 

even seemingly small baseline  
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Figure 2.2 Incremental QALY gain of intensive exercise therapy in a 12-month period. 

Incremental gain = 0.09 QALYs. Results from Bulthuis and colleagues (Bulthuis et al., 2008) were 
used for this figure. 
 

differences can impact the calculation of QALY differences (Matthews et al., 1990, Manca et 

al., 2005). Manca and colleagues demonstrate how using the area under the curve method to 

calculate QALY differences has the potential to introduce bias resulting from baseline 

differences (Manca et al., 2005). Instead, they recommend using multiple regression methods 

to estimate differential mean QALYs while taking into account baseline QALYs between 

treatment groups (Manca et al., 2005). 

 

2.5.3.4 QALY limitations and concerns 

Despite the benefits in favour of the QALY, QALYs calculated using different methods and 

even different pre-scored instruments will likely results in different estimates of QALY gains 

(Feeny et al., 2004). The various pre-scored instruments often capture somewhat different 

domains of general health; therefore, potentially resulting is different estimates (Drummond 

et al., 2005b, Ruchlin and Insinga, 2008). For example, relative to the EQ-5D, Brazier and 

colleagues observed a higher mean score and smaller variance for the SF-6D in patients with 

OA (Brazier et al., 1999). This may be in part due to the range of the SF-6D (0.29-1). The 

restricted low end of the scale does not allow discrimination in the poorest health states (a 
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floor effect) (Brazier and Roberts, 2004, Ruchlin and Insinga, 2008). The EQ-5D has shown 

the opposite effect, a ceiling effect (Bharmal and Thomas, 2006). Recent evidence is 

conflicting as regards the impact of different preference based instruments on incremental 

QALYs (Davis et al., 2011, Wee et al., 2007) Whereas Wee and colleagues did not have a 

large impact on the total number of incremental QALYs in the comparison of four 

instruments (Wee et al., 2007), Davis and colleagues found differences in EQ-5D and SF-6D 

generated QALYs that resulted in two- to three-fold differences in the incremental cost 

effectiveness ratio. It has been suggested that the choice of pre-scored instrument should 

depend on its psychometric properties as well as how well the instrument captures the 

domains of general health which are important in the population under study (Drummond et 

al., 2005b).  

 

Another QALY limitation is its ability to address distribution (equity) issues (Smith, 1987, 

Rawles, 1989). Consensus statements and government priority strategies see this as a gap in 

the current conventional QALY formulation, but it is commonly held that the QALY is 

theoretically able to account for distributive preferences (Cuadras-Morató et al., 2001, 

Schwappach, 2002, Hansen, 2006, Drummond et al., 2009b). Indeed, Schwappach argues that 

the QALY itself is not the problem but the “strictly outcome oriented allocation of resources” 

and the “lack of alternative frameworks to reflect ethical concerns in a format useable and 

accepted by policy makers” (Schwappach, 2002, p. 220).    

 

2.6 Time preferences and discounting 
Costs and effects from different time periods are not directly comparable. In general terms, 

individuals (and society) prefer to receive benefits sooner rather than later, and conversely, to 

incur costs later rather than sooner. This preference for immediate benefits and future costs 

enables individuals to immediately exercise options with resources and put off payments. For 

example, most individuals would prefer $20,000 now as opposed to $20,000 ten years from 

now because benefits can be gained from putting the $20,000 to use in the meantime (even if 

the additional benefit is simply the added feeling of security by having $20,000 available 

when needed). This is known as a time preference for costs and resources. Applying a 

discount rate to future costs to account for this preference has never been controversial 

(although the specific rate chosen may be, i.e. 3% vs 5%); however the same cannot be said 
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for the discounting of health effects (Gold et al., 1996). There exists an ongoing debate 

regarding the degree to which health should be discounted. The Panel on Cost-Effectiveness 

in Health and Medicine recommends discounting of health at the same rate as discounting 

cost (Gold et al., 1996). This recommendation was supported by both the ‘consistency’ 

argument by Weinstein and Stason (Weinstein and Stason, 1977) and the Keeler-Cretin 

paradox (Gold et al., 1996), which states that with differential discounting, the ICER will be 

improved the longer the project is delayed (Gravelle and Smith, 2001). Keeler and Cretin 

assessed a cost-effectiveness problem in which costs and effects were expected to be the 

same irrespective of when the project was to be undertaken. In other words, if benefits are 

discounted at a rate lower than costs, cost-effectiveness can always be improved. Weinstein 

and Stason suggest that health should be discounted because dollar costs are discounted and 

there is an “assumed steady-state relation between dollars and health benefits” (Weinstein 

and Stason, 1977). Several authors disagree that health benefits should be discounted at the 

same rate (Cohen, 2003, Gravelle and Smith, 2001, Smith and Gravelle, 2001). For example, 

Gravelle and Smith developed behavioural models that show the value of health grows over 

time and therefore should be discounted at rates lower than costs (Gravelle and Smith, 2001). 

Cost and effect values from different time periods must be adjusted (‘discounted’) to a 

common time period. Recommended discount rates vary between three and five per cent for 

costs and effects followed greater than 1 year. In most studies costs and effects are 

discounted at the same rates (Drummond et al., 2005b, Gold et al., 1996). 

 

Separate from discounting future costs and effects, costs obtained in a study may need 

adjustment for inflation (if inflation is present). Inflation is the “upward price movement of 

goods and services over time” (Glick et al., 2007, p. 49-50). Adjustment for inflation gives 

the costs a common base from which to estimate incremental costs. If all goods and services 

in a study occur in the same year, adjustment for inflation is not necessary. However, if costs 

are collected over two years, (i.e. include 2009 and 2010 costs) adjustments for inflation are 

necessary. Analyses do not need to discount costs and effects or adjust for inflation if they 

have a one-time period for costs and effects and a follow up period of a year or less (Glick et 

al., 2007). 
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 Time horizon for costs and effects 2.6.1
The time horizon of an economic analysis refers to the length of time that costs and effects 

are followed in the analysis. In most trial-based analyses this is related to follow up periods 

for the trial. Guidelines for the tracking of costs and effects in an economic analysis using 

trial-based data recommend using common time horizons for both cost and effect outcomes 

(Gold et al., 1996, Ramsey et al., 2005) which should be long enough to ensure that the 

analysis is not misleading to the decision-maker or user (Drummond et al., 2005b). Although 

this often means projecting cost effectiveness results beyond the time horizon of the trial to 

the length of a person’s lifetime (Gold et al., 1996), it may be acceptable to have a shorter 

time horizon. For example, a short term analysis may be justified if the benefit from a 

symptom-modifying treatment for the management of OA does not decline over time, thereby 

supporting the assumption that costs and effects measured in the short term analysis could be 

applied to future periods (Drummond et al., 2003).  

 

2.7  Missing and censored data 
Data are often missing or censored in clinical trials (Rubin, 1976). Data referred to as missing 

are values that are incomplete at the item level at any point during follow up (Glick et al., 

2007, Ramsey et al., 2005). For example, if a question is unanswered in a questionnaire it is 

considered missing. Responses to address missing data range from simple methods, such as 

ignoring all of the data of participants with missing values (complete case analysis), to the 

more sophisticated methods of multiple imputation (Janssen et al., 2010). Instead of ignoring 

the missing values or imputing the sample mean, more sophisticated methods (multivariable 

regression models) can be used in order to predict missing values based on all observations 

and patient characteristics (Donders et al., 2006, Janssen et al., 2010). This can be done once 

(single imputation) or multiple times (multiple imputation). Multiple imputation creates 

multiple imputed datasets where missing values are filled in based on a random draw from 

different estimated underlying distributions (Donders et al., 2006, Rubin, 1976). Multiple 

imputation takes into account the uncertainty present when estimating the distribution of the 

variables with missing data (Donders et al., 2006).  

 

The mechanisms of ‘missingness’ must be classified into one of three categories prior to 

addressing them with a data imputation strategy. These three categories are missing 
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completely at random (MCAR), missing at random (MAR), and missing not at random 

(MNAR). The mechanisms for differ based on the relationship between these data and other 

variables in the dataset. MCAR occurs when the reason for missingness of a given variable is 

unrelated to the other variables (sample characteristics) (Newgard, 2006, Glick et al., 2007, 

Donders et al., 2006) such as when a participant’s questionnaire is lost. Missing data 

categorised as MAR are data that can be explained by observed values of the sample 

(Newgard, 2006). For example, it may be of interest to determine whether changes in knee 

range of motion are predictive of OA onset. If this information is only available for 

individuals with diagnosed OA (these data are missing in individuals without OA) then the 

missing data are correlated with disease status. In this scenario the missing values are referred 

to as MAR because when controlled for the known variable (disease status), the data can be 

considered missing at random (Donders et al., 2006).	  Missing data are MNAR when the 

probability that a value is missing depends on information that is not observed (Donders et 

al., 2006). An example of MNAR is if all individuals who exercise less than once a week 

choose not to answer a question regarding frequency of exercise out of embarrassment for 

their sedentary lifestyle. No universally accepted method for handling MNAR exists 

(Donders et al., 2006) and it is best addressed using a sensitivity analysis (Robins et al., 1998, 

Molenberghs et al., 2004). The use of sensitivity analyses for handling missing data is beyond 

the scope of this dissertation. 

 

Data are considered censored if a participant in the trial is not followed for the complete 

duration of interest (Lin et al., 1997). Administrative or ‘left censoring’ occurs when patients 

are continuously recruited into a trial that has a fixed endpoint (Raikou and McGuire, 2004, 

O'Hagan and Stevens, 2004). In most clinical trials data tend to be ‘right censored’, where 

participants are lost to follow up at any point in the trial (Raikou and McGuire, 2004) for any 

reason other than death (from an economic evaluation perspective, future costs and effects 

are known at the point of death) (Glick et al., 2007). Focusing on right-censored data, Young 

defines three possible censoring mechanisms including random censoring, informative 

censoring, and partial censoring (Young, 2005). Random censoring occurs when a participant 

is lost to follow-up because of reasons unrelated to the trial. For example, random censoring 

occurs if a participant moved out of the geographic area where the study is being conducted. 

Informative censoring occurs when participants withdraw from a study for reasons related to 
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the study, i.e. they consider the treatment is harming them. Partial censoring occurs when not 

all a participant’s outcomes are known at a given time point. For example, if a participant in a 

12-month trial, with 6-monthly follow-up appointments, dies at the 8-month timepoint, 

survival is known up to the 8-month timepoint but QOL and costs are only known up to the 

6-month timepoint.	  The data are partially censored from month six to eight (Young, 2005). 

These mechanisms have some overlap with those defined for missing data, and it is likely the 

reason why some authors have attributed the mechanisms for missing data to censored data 

(Glick et al., 2007).  

 

Young identifies nine techniques for estimating mean total costs in the presence of censoring. 

The methods differ based on the acceptability of ignoring censored costs and the availability 

of cost histories for censored patients (Young, 2005). All of the more robust methods have in 

common the weighting of data according to the probability of survival over a given 

timeframe. Techniques differ based on how the probability of survival is used and whether 

mean cost estimates are derived using regression methods. Another method not reviewed by 

Young uses the same multiple imputation methods as for missing data to estimate censored 

data (Oostenbrink and Al, 2005). Oostenbrink and Al found this method is preferred for 

estimating censored data because it is robust to the assumption of multivariate normality 

(Oostenbrink and Al, 2005).  

 

The problems of missing and censored data are related. In both instances, the intention in 

‘filling the data’ is to minimise bias. There are instances when ‘naïve’ (and less 

computationally intense) methods can be used without introducing bias. Shrive et al 

compared imputation methods in a study that captured outcomes data using the Self-report 

Depression Scale (Shrive et al., 2006). In this study, they found multiple imputation to be 

most accurate; however, when 10% of values were missing, naïve methods produced near 

perfect agreement when compared with more robust methods (Shrive et al., 2006). In 

addition, the International Society of Pharmacoeconomics and Outcomes Research guidelines 

for conducting trial-based economic evaluations suggest that no special treatment of censored 

data is necessary in the analysis if it comprises less than 10% of the study data and cannot be 

predicted (Ramsey et al., 2005). 
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In addition to potentially biasing the point estimate by use of less robust or naïve imputation 

strategies, a small number of imputations may impact the precision of the estimate. This has 

implications for hypothesis testing and accuracy of confidence intervals (Bodner, 2008). 

Bodner argues, if too few imputations are used, two researchers can come to very different 

conclusions regarding missing information, estimation precision, and null hypothesis 

rejection (Bodner, 2008). Identifying the fraction of missing information for a given 

parameter is very important with respect to determining the number of imputations needed. It 

is likely that a larger number of imputations will be needed (>10) if the fraction of missing 

information is ‘non trivial’, i.e. > 20% (Bodner, 2008). As the fraction of missing information 

increases, Bodner demonstrates the need for exponentially larger numbers of imputations in 

order to meet precision intervals (95% confidence) (Bodner, 2008). In contrast, Von Hippel 

questions the pragmatism behind using hundreds of imputations (von Hippel, 2005). For 

example, in the face of a low fraction of missing information, there may be very small 

differences between the ‘minimum possible value’ of a standard error and the standard error 

obtained with a smaller number of imputations (von Hippel, 2005). Much like Drummond’s 

suggestions with respect to obtaining the most accurate measures of cost possible 

(Drummond et al., 2005b), von Hippel questions the marginal gains in efficiency relative to 

the increased computation time and costs involved in achieving the minimum possible value, 

particularly if it is within several percentage points of the value with greater precision (von 

Hippel, 2005). Where this difference in precision will impact the conclusions, there is no 

question that more imputations should be used. 

 

Missing cost data should be addressed in ways that minimise bias. There are some scenarios 

where ignoring missing values (performing a complete case analysis) will not produce bias 

(Shrive et al., 2006) or create a loss in precision (White and Carlin, 2010). However, using 

complete case analyses are more likely to produce biased estimates when compared with 

multiple imputation (Donders et al., 2006, Janssen et al., 2010). 

 



	  

 
 

56	  

2.8 Statistical analysis of patient-level cost data 

 Univariate analysis 2.8.1
2.8.1.1 Parametric statistical tests on untransformed data 

Decision-makers are interested in the difference in arithmentic mean cost between competing 

alternatives and the variability around this point estimate because it allows for the application 

of average findings to the whole population of a particular disease (O'Hagan and Stevens, 

2002b, Thompson and Barber, 2000). The arithmetic mean is important from a budgetary 

perspective, but also from a social perspective (Glick et al., 2007). Multiplication of mean 

costs (and effects) against the whole population allows decision makers to consider whether a 

Potential Pareto Improvement can be achieved, i.e. social efficiency (Glick et al., 2007). 

There can be problems generating these statistics using conventional normal distribution 

related analyses because distributional assumptions are often violated. Common 

characteristics of cost data include non-negative values (they are bound by zero), a large 

number of zero costs (because they are not accumulated within the study period), and a 

sizable minority have high costs (due to high cost procedures or complications from 

treatment) (Briggs and Gray, 1999, Thompson and Barber, 2000). As a result, the distribution 

of cost data is typically right skewed with a long right tail (Figure 2.3) (Briggs and Gray, 

1999, Glick et al., 2007, Thompson and Barber, 2000).  

 

The main possibilities for analysing cost include parametric tests on the untransformed scale, 

non-parametric tests, and parametric tests on a transformed scale (Glick et al., 2007). The t-

test and ANOVA are parametric tests that can be performed on the untransformed scale as 

they compare the arithmetic mean between groups. Although often robust to violations of the 

normal distribution (because these statistics rely on the asymptotic normality of the sample 

mean as opposed to the distribution of the underlying data), their use has not been 

recommended on untransformed costs with skewed cost data (Thompson and Barber, 2000).  
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Figure 2.3 Skewed cost data 

This figure uses cost data from the feasibility study reported on in Chapter 4. This figure shows the 
skewed distribution common to cost data with high numbers of zeros, skewed to right with long tail, 
and a small number of individuals with high costs.  
 

2.8.1.2 Non-parametric statistical test on untransformed data 

Given a non-normal sample distribution, non-parametric or ‘distribution free’ testing is often 

recommended (Glick et al., 2007, Thompson and Barber, 2000). Tests such as the Wilcoxon 

rank-sum test, the Kolmogorov-Smirnov test, and the Kruskall-Wallis test may be used to 

compare costs (Polsky and Glick, 2009). These tests can tell us whether some measure of the 

cost distribution differs between the treatment groups (such as its shape or location), but they 

do not tell us whether the sample means differ (Polsky and Glick, 2009). For example, the 

Wilcoxon Rank-Sum test examines whether median differences between pairs of 

observations from the two groups are equal to zero, with the null hypothesis being that the 

difference between the medians of the two distributions is equal to zero (Kirkwood and 

Sterne, 2003). Unfortunatly, in a right skewed distribution the median is smaller than the 

arithmetic mean (Glick et al., 2007). Identifying median cost can be helpful in some 

circumstances, such as identifying the typical cost to an individual, but only the arithmetic 

mean can be used to provide information about the total cost that will be incurred by treating 

all patients (Thompson and Barber, 2000). In addition to these limitations, non-parametric 

statistical tests are typically hypothesis testing and it is difficult to generate confidence 

intervals around an estimate (Kirkwood and Sterne, 2003). For these reasons, conventional 

non-parametric statistical tests should not be used in the analysis of cost data (Drummond et 

al., 2005b, Glick et al., 2007). 
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Nixon et al applied the Central Limit Theorem (CLT), what they termed a ‘non-parametric 

method’, for the calculation of parameter uncertainty for population mean cost and effect 

(Nixon et al., 2010). The CLT says that, for any population distribution of costs and effects, 

the distribution of the sample means will be approximately normally distributed in 

sufficiently large samples (Nixon et al., 2010). In this manner, no distributional assumptions 

about the underlying cost and effect data need to be made, avoiding inappropriate inferences 

about the sample distribution (Nixon et al., 2010). Although the literature does not offer 

definite rules for determining how large the sample size should be before assuming that the 

CLT is applicable, O’Hagan and Stephens suggest sample sizes of 50 or more (O'Hagan and 

Stevens, 2002a). Relative to the bootstrap procedure, Nixon et al found that the CLT 

performed as well as the bootstrap method in moderate samples sizes n ≥ 50, and the CLT 

outperformed the bootstrap in small sample sizes n < 50 with skewed data.  

 

2.8.1.3 Parametric tests on transformed data 

Transforming cost data is an alternative step that is sometimes taken in order to achieve a 

more normal distribution (Thompson and Barber, 2000). Log transformation is most common 

and t tests of log cost can be more efficient than t tests on skewed, untransformed data(Glick 

et al., 2007). However, re-transforming log cost data only results in the arithmetic mean 

under very strict conditions (Barber and Thompson, 1998, Duan, 1983). In most instances, 

retransforming log cost results in the geometric mean, which in right-skewed data is biased 

downward relative to the arithmetic mean (Glick et al., 2007, Thompson and Barber, 2000). 

In addition, cost data often contain zeros which is a problem with log transformation as log 

zero is undefined. Manning notes that the issue of retransformation is “not unique” to the 

case of logged costs. Any power transformation will raise this issue and is best avoided 

(Manning, 1998). Often tests on transformed cost data leave decision-makers without the 

ability to make inferences on the arithmetic mean estimate and other statistical applications 

must be considered.  

 

2.8.1.4 Alternative statistical methods amidst non-normality: the bootstrap 

The bootstrap procedure was developed as a means of determining a sampling distribution for 

an estimator with a distribution that is unknown or mathematically undefinable (Barber and 



	  

 
 

59	  

Thompson, 2000, Efron, 1979). Bootstrapping is a non-parametric procedure that can be used 

to conduct hypothesis testing, estimate standard errors, and generate confidence intervals 

(Briggs et al., 1997, Briggs, 2004). Bootstrapping creates a distribution, a “virtual 

population” (Baser et al., 2006), for the estimator, e.g. the arithmetic mean, by generating 

replicate samples of the original dataset and calculating the estimator from the replicate 

samples (O'Brien and Briggs, 2002, Haukoos and Lewis, 2005). The means generated from 

the replicate samples become the distribution for the estimator from the original dataset 

(Figures 2.4 and 2.5). Bootstrapping assumes that the distribution of the data from the sample 

represents the distribution of the population from which the sample was taken (Barber and 

Thompson, 2000, Haukoos and Lewis, 2005). Efron and Tibshirani suggest stable estimates 

can be obtained from 50 to 200 bootstrap replicate samples for the estimation of a standard 

error and 1000 bootstrap replicate samples for the estimation of confidence intervals (Efron 

and Tibshirani, 1993). In essence, the bootstrap procedure allows for the performance of a 

non-parametric test of arithmetic means (Glick et al., 2007). 

	  

 

Figure 2.4 The bootstrap procedure	  

In the bootstrapping procedure the original dataset is resampled with replacement (also known as 
Monte Carlo resampling), which means an observation is removed from the original dataset (X1, X2, 
… Xn), copied into the new dataset (bootstrap sample), and then returned to the original dataset. The 
resampling with replacement enables individual observations to be used multiple times in a bootstrap 
sample. The bootstrap sample is the size of the original dataset (e.g. n=100). The estimator, θ*, is then 
calculated for each bootstrap sample. The estimates of θ* from the bootstrap samples create a 
distribution for θ∧. Using this bootstrap distribution 95% confidence intervals are calculated. 
Adapted from (Haukoos and Lewis, 2005) 
 

Assessing whether the estimate derived from the trial-based sample is a reasonable 

approximation of what one would expect to find in the population is complicated by the 
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distribution of cost data. Confidence intervals can be calculated using the percentile method, 

which includes the bias-corrected method, the bias-corrected and accelerated method, the 

approximate bootstrap confidence method (Haukoos and Lewis, 2005), and the bootstrap 

acceptability method. The percentile method rank orders the mean estimates from the 

bootstrap samples reporting the 2.5% and 97.5% mean estimates as the 95% CI (where 1000 

bootstrap samples are created). In other words, after ordering the 1000 samples, the 26th and 

975th estimate of the arithmetic mean cost would be the 95% CI for the point estimate from 

the study sample (Glick et al., 2007). The bias-corrected and accelerated and approximate 

bootstrap confidence methods respectively adjust the percentile method for skewness and 

non-constant variance (Haukoos and Lewis, 2005). The bootstrap acceptability method 

defines the slope of a line through the origin of the cost effectiveness plane for each bootstrap 

replicate. Confidence intervals (1 −  !%) are constructed by identifying the slopes for the 

lines that exclude !/2% of the bootstrap replicates (Glick et al., 2007). 

 

The bootstrap procedure has limitations that may lead to biased estimates in certain scenarios. 

Caution should be used with small (n<35) original samples because they may not reflect the 

variety and range of possible values within the population (Schenker, 1985, Haukoos and 

Lewis, 2005). If the original sample distribution from which the bootstrap is performed does 

not reflect the population distribution, the statistics calculated by the bootstrap procedure will 

be invalid. It is important, therefore, to obtain quality data that reflects the population being 

sampled (Haukoos and Lewis, 2005); although determining how well the sample data reflects 

the population may be difficult to verify (Schenker, 1985). A further consideration is the 

number of bootstrap samples β to choose. Inferential errors may be made if the size of β is 

too small (Briggs et al., 1997). Efron and Tibshirani suggest the ‘ideal’ size of β = ∞, but 

suggested the previously mentioned values in which stable estimates are likely. Although not 

a limitation of the bootstrap, per se, the bootstrap is resampled on the model that is chosen. 

Therefore care must be taken in choosing the model to avoid the bootstrapping step 

producing a misleading estimate (Baser et al., 2006). 

 

 Multivariate analysis 2.8.2

Some of the difference in costs (and effects) between groups may be explained by variables 

other than simply which treatment group the participant belonged to during the trial. It is  
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a)	   b)	  

Figure 2.5 Untransformed and bootstrapped cost data	  

This figure uses cost data from the feasibility study reported on in Chapter 4. Column a) contains the 
untransformed cost of group 1, group 2, and the group difference. Column b) contains the 
bootstrapped cost of group 1, group 2, and the group difference. It can be seen that the bootstrapped 
group differences in cost resemble a normal distribution. With increasing numbers of bootstrapped 
replicates, i.e. θ*=1000+, confidence intervals can be established for point estimates. Enabling an 
assessment of uncertainty around the mean point estimate using a non-parametric test. 
 

 

therefore important to perform a multivariate analysis of cost data. This form of analysis has 

the potential to increase the power of tests for differences between groups by explaining 

variations due to other causes (Glick et al., 2007, Willan and Briggs, 2006). Table 2.9 
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describes assumptions, uses, and limitations of common multivariate models for the analysis 

of cost data including ordinary least squares (OLS) regression, log OLS, generalised linear 

models (GLM), and two-part models (Manning et al., 2005, Blough et al., 1999). Several 

tests are recommended in order to compare the performance of difference models (Glick and 

Doshi, 2010).  

 

Manning and Mullahy recommend use of the modified Parks Test to identify the family 

distribution for a GLM (Manning and Mullahy, 2001). Glick and Doshi also recommend use 

of the Pregibon Link test to check linearity of response on scale of estimation (Pregibon, 

1980), and the Modified Hosmer Lemeshow test and Pearson’s correlation test to check for 

systematic bias in fit on the raw scale (Glick and Doshi, 2010). Each of these tests ideally 

should have non-significant results for the multivariable model chosen (Glick and Doshi, 

2010). As with univariate statistics, the characteristics of cost data make it likely that no 

single multivariable model will be best; therefore comparison should be made between the 

results of different models to assess whether estimates are consistent (Glick et al., 2007). 

 Comparing cost and effect  2.8.3
A three-step procedure for applying bootstrap methods to cost effectiveness analyses has 

been proposed (O'Brien and Briggs, 2002). First, bootstrapped samples are created for costs/ 

effect pairs for the comparator from which mean costs and effects are calculated. Second, the 

same is done for the new treatment under investigation. Third, using the means generated 

from the two previous steps, the group difference and an estimate of the incremental cost 

effectiveness ratio (ICER) are calculated (O'Brien and Briggs, 2002). This is the ratio of the 

difference in costs over the difference in effects between two treatment alternatives. The 

ICER is the statistic of interest for most economic analyses and is expressed as (CA-CB)/(EA-

EB); where C is arithmetic mean costs, and E is arithmetic mean effect for interventions A 

and B (Bambha and Kim, 2004, Briggs et al., 1997).  

 

The results of the ICER are often plotted on the cost effectiveness (CE) plane (Black, 1990). 

The CE plane (Figure 2.6) is a graph that plots the difference in costs on the vertical 
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Table 2.9 Common multivariate models in the analysis of costs 

Model Assumptions/uses Limitations  

Ordinary least 
squares (OLS) 
regression 

Used on untransformed costs 

Variance of error term is constant 

Error term is normally distributed 

Coefficient for treatment indicator provides a direct estimate of adjusted mean costs 
between treatment groups 

In heteroscedasticity, coefficients are unbiased but inefficient 

Reliability of tests of statistical significant are undermined where 
error terms are not normally distributed 

Model can be sensitive to extreme cases 

Log OLS Used on log transformed cost to overcome problems of heteroscedasticity and 
skewness 

Observations with zero cost are undefined 

Models arithmetic mean of log cost 

Results may not apply to mean of untransformed cost 

Subgroup-specific retransformation may no longer be unbiased in 
multivariable setting 

Heteroscedasticity among any covariate can pose 
retransformation problems 

Generalised 
linear models 

Directly model the mean and variance functions on the original scale of cost 

Link function and family need to be identified 

Link function characterizes how the mean on the untransformed scale is related to 
the predictors, GLM with log link models the log of arithmetic mean cost 

Advantage of a log model without transformation problems 

Allows for heteroscadasticity: specifying the family corresponds to a distribution 
that reflects the mean-variance relationship 

No problem with including observations with zero costs 

No simple test to identify the appropriate link function 

Misspecification of link function can impart bias 

Can suffer loss of precision in datasets with cost distributions that 
have log-scale residuals with high kurtosis (>3) 

Retransformation can reintroduce covariate imbalances 

 

Two-part 
models 

Analysis of cost data with substantial zeros 

First part predicts probability of non-zero or zero costs, probit or logit model used 

Second part predicts level of cost conditional on having positive costs, one of 
standard models (as discussed above) used.  

See above for limitations to the second part of the model 
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axis and the difference in effect on the horizontal axis (Willan and Briggs, 2006). The origin 

of the graph corresponds to the competing alternative (e.g. usual care). If the new treatment 

costs more and produces a larger effect (costs more, does more) than the alternative 

treatment, the point representing the new treatment will lie in the northeast quadrant (NE) of 

the CE plane. The southeast (SE) quadrant corresponds to a treatment that costs less and does 

more; treatments that fall in this quadrant are said to dominate the alternative. Treatments 

located in the southwest (SW) quadrant do less and cost less than the competing alternative. 

Treatments that cost more and do less than the alternative are located in the northwest 

quadrant (NW) and are said to be dominated by the alternative (Willan, 2004, Willan and 

Briggs, 2006). The NE, SE, SW, NW quadrants are also referred to as quadrants I, II, III, and 

IV, respectively (Drummond et al., 2005b).  

 

 

Figure 2.6 Cost effectiveness plane. 	  

Adapted from (O’Brien et al., 2002) 
 

Treatments that fall within the NE (costs more and does more) and SW (costs less and does 

less) quadrants must be considered against the decision-maker’s threshold WTP4 for such 

                                                
4 Treatments that fall in the southwest quadrant must be considered against society’s willingness to 
accept payment in lieu of QALY losses. There is evidence that the compensation society is willing to 
accept for the loss of a QALY is greater than what society is willing to pay for a QALY (Shogren et 
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benefits (Drummond et al., 2005b, Glick et al., 2007, Willan and Briggs, 2006). This 

threshold is the level of costs and effects that an intervention must achieve to be acceptable in 

a given health care system (Gold et al., 1996). In essence, to be considered ‘good value for 

money’ the new intervention must be at or below the price society is willing to pay for it 

(Figure 2.6). Generally-accepted WTP threshold values for an additional QALY range from 

£20 000 – £30 000 in the UK, $50 000 – $100 000 in the US, and 1–3 times GDP (NICE, 

2004, Hay, 2008, Hirth et al., 2000, Ubel et al., 2003) Though these are generally accepted 

levels, several authors consider these to be too low (Hirth et al., 2000, Ubel et al., 2003), and 

others believe them to be too high (Byrne et al., 2005). 

 

There are instances when ICERs can be difficult to interpret (Bambha and Kim, 2004, 

Willan, 2004) and instances when they are presented in a naive manner (Briggs, 2004). 

O’Brien and Briggs show how two bootstrap replicates can have negative ratios, reside in 

quadrants of opposite meaning, and confuse the ordering of confidence intervals for the ICER 

(O'Brien and Briggs, 2002). Although these limitations certainly add to the confusion around 

the ICER they are not insurmountable (Glick et al., 2007, O'Brien and Briggs, 2002). A more 

fundamental problem surrounding the negative ICER is with respect to its interpretation. 

With positive ICERs, low values are preferred to high values, making the ICER useful with 

respect to interpreting value for money. Unlike its positive counterpart, the negative ICER 

cannot be ordered in such a fashion, requiring the consideration of its component parts 

(incremental costs and effects) during interpretation (O'Brien and Briggs, 2002). In the 

following example by O’Brien and colleagues, three strategies (A, B, C) all produce QALY 

gains at a cost savings but to varying degrees, and the best value must be decided upon. 

Strategies A, B, and C are represented by ICERs of −2000, −1000, and −500 per QALY. If 

the negative ICER was interpreted in the same manner as the positive ICER, strategy A 

would be chosen because it has the greatest magnitude on this scale (O'Brien and Briggs, 

2002). However, when reviewing the incremental costs and QALYs it is found that the 

ICERs for strategies A, B, and C are produced by the combination of $−2000/ 1 QALY, and 

$−2000/ 2 QALYs, $−1000/ 2 QALYs respectively. Although strategy A produces the 

greatest magnitude on this scale, it does not produce the greatest health gain and cost savings 

                                                                                                                                                  
al., 1994, Willan et al., 2001) because of a reluctance to lose what cannot be easily substituted - one’s 
health (Shogren et al., 1994). 
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(O'Brien and Briggs, 2002). This example shows the difficulty with interpreting the negative 

ICER because choosing strategy A over B (on the basis of the ICER’s magnitude) would 

result in a loss of QALYs. 

 

Other strategies for assessing cost effectiveness have been developed, such as net the benefit 

which can be expressed as the net health benefit or the net monetary benefit (NMB) 

depending on whether the expression is constructed on the health outcome or cost 

respectively (Figure 2.7). The net benefit statistics do not have the same difficulties of 

interpretation as the ICER (Stinnett and Mullahy, 1998, Willan, 2004). Instead of assessing 

the ICER against a decision-maker’s WTP, NMB incorporates WTP into the equation: NMB 

= (WTP * Δ QALYs) – Δ Cost. In this way, NMB rearranges the decision rule and transforms 

the comparison of cost and effect from ratio to linear values (Stinnett and Mullahy, 1998, 

Glick et al., 2007). A positive net benefit means that the new treatment is less than the 

decision-maker’s threshold WTP (Willan, 2004).  

 

 
Figure 2.7 Net monetary benefit graph	  

Where the lower limit of the 95% confidence interval crosses the willingness-to-pay (WTP) decision 
threshold of 0 (approximately $300), it can be stated with 95% confidence that the intervention is 
good value, i.e. one can have 95% confidence that it produces a positive net benefit. This figure uses 
hypothetical data. 
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The net monetary benefit can be constructed by use of the difference in mean cost and effect 

or we can multiply WTP times each participant’s effect and subtract each participant’s cost, 

creating a monetary benefit for each participant (Glick et al., 2007). This allows for direct 

comparison between treatment groups to determine NMB by the univariate and multivariate 

methods discussed in Sections 2.8.2 and 2.8.3. 

 

This section of the chapter has been written primarily as a comparison between two 

interventions, but often more than one comparator is chosen. The goal in this scenario is to 

find the treatment with the largest effect and the most acceptable ICER. This is often done 

with the point estimates of interventions and the ICER, i.e. without the consideration of 

sampling uncertainty (Glick et al., 2007). Glick et al recommend the following process an 

example of which is shown in Figure 2.8:  

 

1. Ordering the treatment alternatives in ascending order (based on either cost or effect) 

2. Eliminating therapies that have increased cost and decreased effect with at least one other 

comparator (known as strong dominance)  

3. Compute ICERs for each remaining adjacent pair (the next least-costly, non-dominated 

treatment) 

4. Then eliminate therapies that have a smaller effect but a larger ICER (extended or weak 

dominance) 

5. Recalculate ICERs between remaining adjacent treatment pairs and then select the option 

with the highest ICER under the decision-maker’s maximum WTP. 

 

2.9 Addressing uncertainty 
Identifying good value for money of a given intervention used to be done by simply 

observing which quadrant in the CE plane the point estimate for incremental cost and effect 

was placed (Drummond et al., 2005a). However, when individual data are available, 

statistical techniques to calculate confidence intervals around point estimates should be 

considered (Briggs, 2004). In the following section where different methodologies are 

described a frequentist perspective will be used where 95% confidence is regarded as a 

significant difference between competing alternative (p<0.05). Whereas 95% confidence is 

often considered a minimum threshold for identifying a statistically significant difference in 



	  

 
 

68	  

effect, this threshold is less consistently applied to cost effectiveness data (Glick et al., 2007). 

As such, though 95% confidence is used in the section below, decision-makers may be 

willing to accept lower levels of confidence in adopting cost effectiveness evidence (Glick et 

al., 2007).  
 

Treatment strategy Cost  Effect 

A 1000 5 

B 1500 5.5 

C 1800 7 

E 2225 8 

D 2000 10 

F 2500 11 

2. Rank order alternatives (by effect) 
 

 

 
Figure 2.8 Process of choosing the most cost effective intervention amongst multiple 
comparators without the consideration of sampling uncertainty 

Treatment decision following step 6 depends on the decision maker’s WTP. If WTP is less than 
$133.33 choose treatment A, if between $133.33 and $214.38 choose treatment B, if between $214.38 
and $400 choose treatment D, if over $400 choose treatment F. Figure adapted from Glick et al Box 
7.1 (Glick et al., 2007). 

Treatment strategy Cost  Effect 

A 1000 5 

B 1500 5.5 

C 1800 7 

D 2000 10 

E 2225 8 

F 2500 11 

1. Treatment alternatives 

Treatment strategy Cost Effect 

A 1400 5 

B 1500 5.75 

C 1800 7 

E 2225 8 

D 2200 9 

F 2600 10 

3. Eliminate those strongly dominated 

Treatment strategy ICER 

B versus A 133.33 

C versus B 240 

D versus C 200 

F versus D 400 

4. Calculate ICER of remaining pairs 

Treatment strategy ICER 

B versus A 133.33 

C versus B 240 

D versus C 200 

F versus D 400 

5. Eliminate weakly dominated 

Treatment strategy ICER 

B versus A 133.33 

D versus B 214.38 

F versus D 400 

6. Recalculate ICER  
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 Sampling uncertainty for a ratio: Fieller’s method 2.9.1
Fieller’s method is a generic, parametric method for calculating the confidence interval for a 

ratio, which assumes the numerator and denominator follow a joint normal distribution 

(Laska et al., 1997, Drummond et al., 2005b). For the purposes of economic evaluation this 

means that both the mean effects and mean costs are assumed to be normal. This method is  

 

based on the premise that the distribution of a linear combination of normally distributed 

random variables is normal (Beyene and Moineddin, 2005). Drummond and colleagues 

contend that the assumption of bivariate normality may be “overly strong given the skewness 

of sampled cost data.” (Drummond et al., 2005b, p. 263); however, Fieller’s method has been 

applied to trial-based cost data with findings comparable to non-parametric methods (Polsky 

et al., 1997, Severens et al., 1999) and should be considered a viable option when calculating 

confidence intervals for non-normal cost data. 

 Bootstrapping the cost effectiveness ratio 2.9.2

The bootstrap methods discussed earlier can be used in the construction of a confidence 

interval of the cost effectiveness ratio. Two of those most commonly used are the bootstrap 

percentile method and the bootstrap acceptability method. The percentile method rank orders 

the incremental cost effectiveness ratio from best to worst and the limits are determined by 

identifying the ratios that bound ∝/2  and  1− (∝/2) (Glick et al., 2007). Ordering of the 

replicates is suggested in a counterclockwise direction on the cost effectiveness plane 

beginning in the quadrant opposite the point estimate (Figure 2.9). The percentile method is 

accurate when each of its confidence limits (defined as a line through the origin), excludes 

∝/2% of the distribution of the difference in cost and effect (Glick et al., 2007). When 

substantial proportions of the distribution are excluded by both limits the percentile method 

may fail in accuracy (Glick et al., 2007).  

 



	  

 
 

70	  

 
Figure 2.9 Suggested ordering of bootstrap replicates in bootstrap percentile method 

Adapted from Glick et al (Glick et al., 2007) 
 

The bootstrap acceptability method differs from the percentile method in that, after 

computation of the replicates, each of the bootstrap replicates are used to define the slope of a 

line through the origin of the CE plane. Confidence limits of 1−  ∝/2 % are constructed by 

defining the slopes of the lines that exclude ∝/2  % of the bootstrap replicates. This is a 

similar process used for creating a cost effectiveness acceptability curve (CEAC), described 

in section 2.9.4.  

 

 Confidence intervals for the net monetary benefit 2.9.3

The NMB is continuous and its variance is well defined (Glick et al., 2007). Its confidence 

interval can be calculated using parametric or non-parametric methods. Using parametric 

methods the assumption is that the difference in cost and effect is distributed bivariate normal 

(Glick et al., 2007) and that a linear combination of these quantities is asymptotically normal 

(Stinnett and Mullahy, 1998). However, unlike the ICER where there was suspicion about the 

acceptance of this assumption (Drummond et al., 2005b), the NMB is asymptotically normal 

under general assumptions, even if the joint distribution of costs and effects is non-normal 

(Stinnett and Mullahy, 1998). The NMB can also be calculated non-parametrically in the 

same manner that the ICER is calculated: bootstrap replications of the NMB are computed, 



	  

 
 

71	  

the replicates are ordering from lowest to highest, and then replicates bounding the ∝/2 and 

1−  ∝/2 percentiles of the distribution are identified (Glick et al., 2007). 

 

 Decision uncertainty 2.9.4

When economic evaluations use observations from a clinical trial, sample (stochastic) 

uncertainty needs to be addressed. This is because the result obtained from a sample may not 

reflect the result in the population (O'Brien and Briggs, 2002). This can be done by 

calculating confidence intervals (as mentioned previously in this chapter) for an ICER or 

NMB or by calculating CEACs. If the estimated ICER is below the decision-maker’s WTP 

for the health benefit, all other things being equal, the new treatment should be implemented 

(Briggs, 2004).  

 

Overall, the different methods for addressing sampling uncertainty provide similar 

information; however, CEACs have the added benefit of displaying varying levels of 

probability that an intervention is cost effective compared with the alternative for varying 

levels of WTP (Fenwick et al., 2004, Glick et al., 2007). The CEAC, like the NMB, is a 

rearrangement of the decision rule previously used to express value for money (Lothgren and 

Zethraeus, 2000, Briggs, 2004, Briggs et al., 1997, O'Brien and Briggs, 2002, Fenwick et al., 

2004). With previous measures a known WTP was applied, but in many cases, a decision-

maker’s WTP for the health benefit is unknown. In such situations it is useful to address 

decision uncertainty, i.e., report the probability of cost effectiveness over multiple policy-

relevant values for WTP (Lothgren and Zethraeus, 2000).  

 

CEACs are derived from the joint density of incremental costs and incremental effects for the 

intervention of interest plotted on the CE plane. It represents the proportion of the estimated 

joint density that is cost effective with reference to the decision-maker’s threshold WTP 

(Fenwick et al., 2006, Fenwick et al., 2004). Acceptability curves can be calculated 

parametrically using Fieller’s method or non-parametrically using the non-parametric 

bootstrap (Fenwick et al., 2004, Glick et al., 2007). On the CEAC the X-axis represents 

potential values for WTP, and the Y-axis represents the proportion of the distribution that is 

acceptable (Lothgren and Zethraeus, 2000). This proportion is the scatter plot points that fall 

south and east of a line drawn though the origin with a slope equal to the threshold WTP 
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(Figure 2.10) (Briggs, 2004, Glick et al., 2007). When the CEAC has a height of 50% 

probability, there is a 0% confidence that the treatments differ. As the CEAC crosses either 

2.5% or 97.5%, confidence statements with 95% certainty can be made.  

 Sensitivity analysis 2.9.5
There are many decisions to make when analysing patient-level data including the choice of 

costing method, statistical methods for analysing cost data, the choice of HRQOL instrument, 

methods for addressing missing data, and methods for addressing censored data. The 

uncertainty produced as a result of these decisions should be addressed by presenting to users 

how the estimate of the ICER would differ using different assumptions, these are known as 

sensitivity analyses.  

 

 

Figure 2.10 Cost effectiveness acceptability curve	  

The Y-axis is the probability that the treatment is cost effective. The X-axis is willingness-to-pay for a 
unit of outcome (lives saved) in dollars. Where the acceptability curve crosses the upper limit or 
lower limit of the confidence interval a statement can be made with respect to the value for money of 
the intervention relative to the comparator with 95% confidence. Below the lower limit the 
comparator is good value for money whereas above the upper limit the intervention is good value. At 
a height of 50% the therapies have an equal probability of cost effectiveness. This figure uses 
hypothetical data. 
 

WTP 
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Guidelines consider the sensitivity analyses a ‘key feature’ in an economic evaluation, but 

acknowledge three major limitations (Drummond et al., 2005b): 1) Sensitivity analyses can 

suffer from selection bias because the analyst has discretion over which variables or 

alternatives are included; 2) No guidelines exist to direct to which degree results should be 

varied; and 3) Performing a sensitivity analysis on one variable at a time does not account for 

any possible interaction between the variables (Drummond et al., 2005b).     

2.10 Interpreting results  

 A frequentist perspective 2.10.1

Glick and colleagues have nicely summarised the typical findings of an economic evaluation 

into one of three patterns that can be recognised when results are reported as an ICER with 

confidence intervals or graphically as a CE plane, NMB, or CEAC (Figure 2.11) (Glick et al., 

2007). This means of interpretation primarily uses a frequentist approach. Each of the three 

findings is, “a function of the data and the level of confidence we wish to have” (Glick et al., 

2007, p. 191).  

 

Pattern 1 findings are present when group differences in health outcome are significant. In 

this pattern of findings, the point estimate of the ICER lies within the lower and upper limits 

of the CI. Pattern 1 findings allow analysts to make statements of confidence (i.e., 95% 

confidence if ∝ is set at 0.05) that include two parts of the distribution. Both upper and lower 

confidence limits allow statements of confidence with respect to therapy A’s cost 

effectiveness relative to therapy B (or vice versa depending on which has the statistically 

significantly higher health outcome). For example, if the ICER’s point estimate is $150 000 

(95% CI: $1000 to $450 000), a decision-maker can be 95% confident that the therapy is bad 

value relative to the comparator if maximum WTP is < $1000. The decision-maker can also 

have 95% confidence in this therapy as good value relative to the comparator if maximum 

WTP is >$450 000. On the CE plane, pattern 1 findings will not cross the Y-axis; on the 

NMB both confidence limits will intersect the decision threshold (0) once (at the lower and 

upper limit of the confidence interval). On the CEAC, pattern 1 findings will intersect 

horizontal lines drawn at 0.025 and 0.975 on the Y-axis (Figure 2.11). On each graphical 

representation of the results for the therapy with significantly greater health outcome two 
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regions can be identified, one in which the therapy is bad value and one in which it is good 

value relative to its alternative. 

 

Pattern 2 and pattern 3 findings are also presented in Figure 2.11; they occur where there are 

no significant differences in effect. Pattern 2 findings have typical characteristics that are 

counterintuitive based on the conventional view of confidence intervals. Because group 

differences in health outcome are not significant, the lower limit and upper limit of the CI 

refer to different therapies. The upper limit of the CI is on the right side of the y-axis, which 

is the region where therapy A is more effective than therapy B. The upper limit, therefore, 

refers to the degree of confidence a decision-maker can have that therapy A is more cost 

effective than therapy B, i.e. < $36 000. The lower limit of the CI is on the left side of the y-

axis where therapy B is more effective than therapy A. This limit considers the range in 

which therapy B is more cost effective than therapy A. The lower limit of the CI will always 

be numerically higher than the upper limit in pattern 2 findings because the distribution of 

cost effectiveness estimates crosses the y-axis.  

 

For example, Figure 2.5 shows the CE plane with a line intersecting the origin (the WTP 

line). Suppose a value of $50 000 was placed on the WTP line so that all the values below 

and to the right of this are considered ‘good value’. In the upper right quadrant the values 

below and to the right of the line are numerically lower than $50 000, whereas in the lower 

left quadrant the values below and to the right of the line are numerically higher. In pattern 2 

findings the lower end of the CI resides in the lower left quadrant between the WTP line and 

the y-axis. The upper limit of the CI resides in either the upper right quadrant or the lower left 

quadrant between the WTP and the y-axis. Therefore the values of the CI would have to 

assume the pattern that was initially thought to be counterintuitive. The values in the lower 

left quadrant (the values for the lower limit of the CI) are higher numerically than any 

possible value in the upper right and lower right quadrants, including the upper limit of the 

CI. Other signs that indicate the observed result is a pattern 2 finding include, on the CE 

plane, the distribution crosses the Y-axis and, on NMB, one confidence limit crosses the 

decision threshold twice and the other limit does not cross at all. On the CEAC, a horizontal 

line is intersected at either 0.025 or 0.975 twice by one confidence limit and the other 

horizontal is not crossed at all (Glick et al., 2007).  
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Pattern 3 findings do not have a definable 95% confidence interval (however, smaller 

confidence intervals are definable). On the CE plane, the distribution covers the origin to the 

extent that it is impossible to draw a line through the origin that excludes 2.5% of the 

distribution. On the NMB, neither confidence limit crosses the decision threshold, similarly, 

the CEAC does not reach either horizontal line drawn at .025 or .975 (Figure 2.11). Glick and 

colleagues provide a more detailed discussion of these patterns (Glick et al., 2007).  

 

 Interpreting results – a Bayesian perspective 2.10.2
It has been suggested that CEACs are most commonly interpreted as identifying different 

probabilities for which the intervention is cost effective given different values of WTP 

(Briggs and Gray, 1999, Fenwick et al., 2004, Lothgren and Zethraeus, 2000). This 

interpretation is considered valid only if the CEAC is considered from a Bayesian perspective 

(Fenwick et al., 2006, O'Hagan and Stevens, 2002a, Briggs, 1999). In brief, the Bayesian 

approach considers the prior distribution (commonly referred to as the ‘prior’) for the 

parameters of interest reflecting uncertainty concerning the true value of the parameter and 

combines this information with observed data to form the posterior distribution (Briggs, 

1999). In other words, Bayesian statistics considers how existing beliefs, expressed as 

probability distributions, are modified by new information (Spiegelhalter et al., 1999).  

 

The Bayesian approach is said to allow for a “more natural interpretation associated with the 

distribution of parameters” (Fenwick et al., 2006, Briggs, 1999). Although there appear to be 

many advantages to the use of Bayesian statistics for the analysis of stochastic data, it can be 

considered computationally more difficult, lacking in objectivity, and without a framework 

for use in clinical trials (Efron, 1986, Pibouleau and Chevret, 2011). These may be some 

reasons why most cost effectiveness analyses of trial data have used conventional techniques 

(Briggs, 1999) 
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Figure 2.11 Patterns of results found in economic evaluations 
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 Comparison across studies 2.10.3
Once the ICER is obtained it should always be compared to a decision maker’s WTP as 

discussed above; however, it can also be compared with other ICERs in priority setting 

tables (Segal et al., 2004, Segal and Mortimer, 2006) or league tables (Mason et al., 

1993). These tables look to prioritise the interventions that are best value for money 

and should be maximised within a given budget. An example of a QALY league table 

is presented in Table 2.7. In this league table, only a selection of therapies for the 

treatment of hip or knee OA were included though league tables often show a mix of 

interventions for the treatment of different diseases and conditions. Some concerns 

have been raised in the use of league tables including the inclusion of analyses with 

incompatible features such as different discount rates, different comparison 

programmes, different preference values for health states, range of costs, and study 

setting (Mason et al., 1993). In addition, QALY league tables only report point 

estimates which may be misleading as the uncertainty around the estimate is left 

unreported (Mason et al., 1993). Although Table 2.7 is an example of a typical QALY 

league table, a more sophisticated league table that includes probability of cost 

effectiveness is reported in Chapter 7 of this thesis.  

 

Table 2.10 QALY league table of interventions for the management of hip or knee 
osteoarthritis (costs in US$ 2008) 

Condition Treatment and population Cost/QALY Source 

Knee OA Class-based exercise plus home 
exercise vs home exercise 

Cost saving McCarthy et al. 2004 

Hip OA 

 

THA vs non-operative management 

1. 60-year-old women with hip OA 

2. 85-year-old men with hip OA 

1. Cost saving 

2. $9,643 

Chang et al. 1996 

Hip/knee OA Water-based therapy vs usual care $5,008 Cochrane et al. 2005 

Knee OA Hylan G-F 20 plus appropriate care 
vs appropriate care 

$9,934 Torrance et al. 2002 

Knee OA TKA vs no TKA $19,572 Losina et al. 2009 

Hip/knee OA Acupuncture vs delayed 
acupuncture 

$25,707 Reinhold et al. 2008 

Knee OA Patient education plus usual care vs 
usual care 

$224,695 Lord et al. 1999 
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2.11 Summary 
In this chapter, general principles of health economics were introduced, and specific 

application was made to clinical trial-based economic evaluations. Health economics 

has developed as a field to aid decision-making in the face of scarce health care 

resources. Trial-based economic evaluations provide an assessment of internally valid 

primary data to inform policy and practice. The use of the principles presented in this 

chapter will become apparent and will be presented in greater detail in the systematic 

review (Chapter 3), the questionnaire validation study (Chapter 4), and the economic 

evaluation of the Management of OsteoArthritis Trial (Chapters 5 and 6). 
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Chapter	  3 Cost	  effectiveness	  of	  non-‐pharmacologic,	  

non-‐surgical	  interventions	  for	  hip	  and/or	  knee	  

osteoarthritis:	  systematic	  review	  

This chapter has been published in the journal, Value in Health (Pinto et al., 2012). It 

was also presented at the Australian Physiotherapy Association conference in 2009. 

  

3.1 Introduction 
Hip and knee OA are significant contributors to the poor health of many older people 

worldwide (WHO, 2003, March and Bachmeier, 1997) and are considered to be the 

most serious musculoskeletal disorders from a public health viewpoint (Bijlsma and 

Knahr, 2007, Dawson et al., 2004). Due to the large burden of disease and associated 

costs of treatment, the effective management of hip and knee OA is a priority of WHO 

(WHO, 2003) and national rheumatology associations (Pfleger, 2007).  

 

Guidelines for the treatment of hip and knee OA recommend the use of conservative 

treatments prior to surgical interventions (NICE, 2008, Zhang et al., 2008). A 

preference for alternatives to pharmacologic treatments has been reported due to the 

risk of complications with pharmacologic treatments (Ratcliffe et al., 2004). 

Guidelines, from the National Institute for Health and Clinical Excellence (NICE), for 

the care and management of hip and/or knee OA recommend non-pharmacologic, non-

surgical interventions as core treatments, including: education, advice and access to 

information; aerobic and strengthening exercise; and weight loss if overweight/obese 

(NICE, 2008). The NICE guidelines include other non-pharmacologic, non-surgical 

treatments as adjunctive treatments due to their less well-proven efficacy. The 

Osteoarthritis Research International (OARSI) recommendations for hip and knee OA 

include all of the NICE recommendations plus acupuncture (Zhang et al., 2008). 

Although NICE recommendations incorporate cost effectiveness findings into clinical 

recommendations, OARSI recommendations do not.  

 

This study aimed to investigate the cost effectiveness of non-pharmacologic, non-

surgical interventions for the treatment of hip and/or knee OA. To the candidate’s 
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knowledge, a systematic review of economic evaluations of these interventions has not 

previously been published.  

 

3.2 Methods 
Electronic databases were searched for economic evaluations or cost studies associated 

with randomised or quasi-randomised controlled trials (RCTs) that assessed non-

pharmacologic and non-surgical interventions for the treatment of hip and/or knee OA. 

A quasi-randomised trial was identified as one in which participants were allocated to 

groups by a method that was not truly random, such as allocation by geographic 

location, birth date, or member record number. Seven databases were searched 

including Medline (1950-October 2010), Embase (1989-October 2010), NHS EED 

(inception-October 2010), PubMed (inception-October 2010), and the Cochrane 

Central Register of Controlled Trials (CENTRAL, inception-October 2010). For access 

to the ‘grey’ literature, two additional databases were searched: EconLit (inception-

October 2010) and OpenSIGLE (inception-October 2010). For the PubMed, Medline, 

and Embase searches, recommended search terms were used for economic analyses 

(Alton et al., 2006, Wilczynski et al., 2004, McKinlay et al., 2006), and for the 

Medline, Embase, and CENTRAL searches a wildcard was included for articles 

mentioning “cost” that also met the main search criteria. No language restrictions were 

imposed. The references of all papers considered potentially relevant were also 

searched. The search results were reviewed and assessed by the candidate (DP). A 

protocol was prepared but not published prior to commencing the review. Full details 

of the search strategies are in Appendix A3.1 of the supplementary data. 

 

 Data extraction  3.2.1

The candidate (DP) extracted the following data from the included studies, and M. 

Clare Robertson (MCR) checked them: study population, country, intervention, 

comparator, main health outcomes (mean, 95% CI, P value), length of follow up, type 

of economic analysis, perspective, cost items, price year, health-related quality of life 

(HRQoL) measures, source of HRQoL weights, and methods for addressing 

uncertainty. To aid the comparison of study results, all costs were converted to 2008 

prices using the relevant country’s consumer price index and then converted to US 

dollars using purchasing-power-parity exchange rates (Welte et al., 2004). Four authors 
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were contacted for additional information about their studies and all responded, with 

one providing numerical data not reported in the article (Coupe et al., 2007). The main 

outcome measure for the review was the incremental cost per quality-adjusted life year 

(QALY). 

 

Incremental cost effectiveness ratios (ICERs) in terms of cost per QALY were 

extracted or calculated from the published data. For studies that reported mean SF-36 

scores but did not report QALYs, the algorithm proposed by Ara and Brazier was used 

to convert the eight mean health dimension scores of the SF-36 into cohort level 

HRQoL weights (Ara and Brazier, 2009). A willingness-to-pay (WTP) of $50 000 per 

QALY gained was used as the threshold indicating good value for money (Eichler et 

al., 2004). 

 

 Assessment for risk of bias 3.2.2

In order to investigate any potential bias in the estimation of effectiveness, DP and J. 

Haxby Abbott (JHA), independently assessed the RCTs for their methodological risk of 

bias. For details about the study design of the RCTs, hard copies of papers referred to 

by the economic studies were obtained (Veenhof et al., 2006, Ettinger et al., 1997, Witt 

et al., 2006, McCarthy et al., 2004a, Messier et al., 2004, Buszewicz et al., 2006). Risk 

of bias assessment was performed using the internal validity checklist recommended by 

the Cochrane Collaboration Back Review Group (van Tulder et al., 2003), which 

consists of 11 questions assessing selection, performance, attrition and detection biases. 

Van Tulder and colleagues performed a validity study assessing the association of the 

individual items and total score of the checklist on the effect size reported in 267 trials. 

This study assessed the validity of the checklist on both pragmatic and explanatory 

trials. Using the checklist demonstrated a relationship between internal validity and 

effect size; studies satisfying fewer than six of the checklist’s 11 internal validity 

criteria reported effect sizes on average 50% higher than equivalent estimates reported 

from RCTs fulfilling six or more of the criteria (van Tulder et al., 2009). Based on this 

threshold, studies included in the review were classified as having either a ‘high risk of 

bias’ (<6 items satisfied) or a ‘low risk of bias’ (≥6 items satisfied). The internal 

validity criteria were graded as suggested by van Tulder and colleagues (van Tulder et 
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al., 2009), and final scoring was based on consensus. Operationalisation of the internal 

validity checklist is located in Appendix A3.2. 

 

 Quality assessment of economic analyses 3.2.3
The included studies were graded using the Quality of Health Economic Studies 

(QHES) instrument, which assesses economic studies for the appropriateness of their 

methods, the validity and transparency of their results, and the comprehensiveness of 

how they are reported (Ofman et al., 2003). The QHES is a 16-item scale that uses a 

dichotomous ‘yes’ or ‘no’ response for each item. A ‘yes’ is worth a specific number of 

points for each item (reflecting its relative importance) and a ‘no’ is worth zero points. 

For each study, the points are summed to get a total score, which can range from 0 = 

‘extremely poor’ quality to 100 = ‘excellent’ quality. The QHES has demonstrated 

good overall construct validity (Chiou et al., 2003, Ofman et al., 2003). Based on the 

total score threshold recommended by Ofman et al. (Ofman et al., 2003), the included 

studies were classified as either ‘high’ (≥75 points) or ‘low’ quality (<75 points).  

 

Instruments for assessing the quality of cost effectiveness analyses have, in general, 

been found to have poor inter-rater reliability (Gerkens et al., 2008), therefore a 

protocol for using the QHES was created specifically for this review (see Appendix 

A3.3 of the supplementary data). DP and MCR independently assessed the studies 

using these guidelines with final scoring based on consensus; if a consensus could not 

be reached, Paul Hansen (PH) mediated.  

 

3.3 Results 
The search identified 1287 articles that were potentially relevant, of which 21 – plus 

another (Patrick et al., 2001) identified from a reference list – appeared to satisfy the 

search criteria (Figure 3.1). Of these 22 articles, 11 were excluded; the articles and 

reasons for their exclusion are reported in Appendix A3.4. Characteristics of the 11 

included studies are reported in Table 3.1, the key results from cost utility analyses are 

in Table 3.2, and the internal validity and QHES assessment scores are in Tables 3.3 

and 3.4 respectively.  
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Figure 3.1 Flow chart of the study selection process

 
 
Identification 

 

 
Screening 
 
 
 
 
 
 
 
 
 
 
 
 
 
Eligibility 
 
 
 
 
 
 
 
 
 
 
Included 
 
 
 
 
 
 
 
 

 
Figure 1 Flow chart of the study selection process 

 

Records removed (n=1265) 

Inclusion criteria: 
1. Randomised or quasi-randomised controlled trial  
2. Study sample limited to hip and/or knee osteoarthritis 
3. Conservative, non-pharmacologic interventions 
4. Economic evaluation (cost-benefit analysis, cost-utility analysis, cost-

effectiveness analysis, cost-minimisation analysis) or health care cost items were 
reported 

 

Included in systematic review (n=11) 

Number of records after removal of duplicates (n=1287) 

Full text articles assessed for eligibility (n=22) 

Databases: Medline, Embase, Pubmed, National 
Health Service Economic Evaluations Database, 
CENTRAL, EconLit, and OpenSIGLE 

References of relevant reviews and full text articles 
searched 

Excluded articles (n=11): 
  Ongoing studies (n=4) 
  Ineligible population (n=4)  

  Cost and effect data not reported (n=1)   
  Not randomised (n=1)  
  Duplication in publication (n=1) 

Lifestyle (n=4) Rehabilitation (n=3) Acupuncture (n=1) Exercise (n=3) 
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Table 3.1 Study characteristics 

Intervention, 
publication year, 
country, type of 
analysis 

Participants and 
indication for OA 

Design and interventions Results for primary 
health outcome 
measure(s) and 
WOMAC index* 

Perspective(s), price year, source of 
health-related quality of life 
weights; cost items; time horizon 

Exercise     

Class-based exercise 
(Richardson et al., 2006, 
McCarthy et al., 2004a) 

2006 

UK 

Cost utility 

214 patients with knee 
OA from primary and 
secondary care settings. 
Met American College 
of Rheumatology 
Criteria, radiographic 
evidence of knee OA 

1-year pragmatic design, 
physiotherapist led class-based 
exercise, 12 participants per 45 
minute class, 2 × week for 8 
weeks + home exercise, 
difficulty increased at 4 and 8 
weeks vs home exercise 

Locomotor function:  

ALF 2.89 (95% CI 1.82 to 
3.96) P<0.001 

 

NHS and social services sector, 
1999/2000, UK general population via 
time trade off method; Intervention cost, 
GP home and surgery visits, district nurse 
and practice nurse visits, day hospital 
visit, day case attendances, inpatient cost 
per day, outpatient attendances, accident 
and emergency attendances; 12 months 

Water-based therapy 
(Cochrane et al., 2005) 

2005 

UK  

Cost effectiveness  

312 primary care 
patients (age >60) hip 
and knee OA, clinical 
lower limb OA, GP 
confirmation of 
diagnosis and treatment 

18-month, pragmatic design, 
usual care + water-based 
therapy, maximum 30 
participants per 1- hour class, 
up to 84 in 12 months, led by 
swimming instructors vs usual 
care 

WOMAC Pain subscale: 

0.89 (95% CI 0.08 to 1.7)  

P<0.05 

 

Societal, 2002/03, UK general population 
via time trade off method; Medications, 
hospital use, family/community services, 
aids or adaptations, allied or 
complementary health visits, personal 
friends or family costs, loss of 
productivity; 12 months 

Facility-based exercise 
(Sevick et al., 2000) 

2000 

US 

Cost effectiveness  

439 primary care and 
advertising, knee OA 
(age ≥60). Knee pain 
most days of the month, 
radiographic evidence of 
OA, and functional 
limitations 

18-month 2-centre trial, aerobic 
and resistance exercise led by 
trained exercise leader, one-
hour sessions, 3 × week for 3 
months + home programme × 
15 months vs 1.5-hour 
education, 1 × month for 3 
months, regular contact by 

Self-reported disability: 
Aerobic exercise 0.18 
(95% CI 0.07 to 0.29) 
P<0.001 Resistance 
exercise 0.16 (95% CI 
0.05 to 0.27) P=0.003 

Health care funder, 1994, NA; 

Medical consultation, in-centre activities, 
home visits, telephone follow up, medical 
referral costs, adverse events; 18 months 
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nurse 

Acupuncture     

Acupuncture (Reinhold 
et al., 2008)  

2008 

Germany 

Cost utility  

489 hip and knee 
participants (age ≥40). 
Clinical/radiologic OA 
of hip/knee >6 months 
duration, pain in 15 of 
last 30 days 

3-month pragmatic design, 

acupuncture 10-15 treatments 
in 3 months performed by 
physicians vs delayed 
acupuncture treatment delayed 
3 months 

WOMAC index: 16.80 
(95% CI 14.02 to 19.58) 
P<0.001 

 

Societal, price year not reported (assumed 
2004), UK general population via 
standard gamble method; 

Acupuncture, physician visits, hospital 
visits and services (excluding personal 
costs), health insurance costs, 
medications, lost workdays; 3 months  

Rehabilitation     

Behavioural-graded 
activity (Coupe et al., 
2007)  

2007  

The Netherlands  

Cost effectiveness  

200 participants from 
physiotherapy practices 
and newspaper 
advertisements. Clinical 
hip or knee OA, 
American College of 
Rheumatology criteria 

65 weeks, clustered on 
physiotherapy practices, 

 Behavioural-graded activity 18 
30-minute sessions in 12 
weeks, up to 7 booster sessions 
vs treatment according to Dutch 
physiotherapy guidelines up to 
18 30-minute sessions in 12 
weeks 

Pain (visual analogue scale 
and WOMAC subscale ), 
Function (WOMAC 
subscale), and patient 
global assessment: NS 
difference for all outcomes 

Societal, 2003, UK general population via 
time trade off method; 

GP, physiotherapist, manual therapist 
visits, medications, outpatient and 
specialist care, x-ray, MRI and CT-scan, 
hospital admission, hip/knee 
replacements, absenteeism paid, 
productivity losses, professional home 
care, informal care by friends and family; 
65 weeks 

ESCAPE-knee pain 
(Hurley et al., 2007b)  

2007  

UK  

Cost effectiveness  

418 primary care 
patients (age >50) with 
mild, moderate or severe 
knee pain for more than 
6 months 

6-month pragmatic design, 
clustered on primary care 
practices, physiotherapist-led 
rehabilitation programme for 
individuals, 1-hour 2 × week × 
6 weeks vs rehabilitation for 
groups of 8 vs usual primary 
care 

Difference in percentage 
of participants improving 
15% from baseline on 
WOMAC Function 
subscale: 12% P=0.038 

 

NHS and social services sector/societal, 
2003/04, UK general population via time 
trade off method; 

Intervention costs, hospital inpatient, 
outpatient services, radiograph, MRI, 
ultrasound, arthroscopy, blood test, 
orthotist, day hospital, community-based 
medical services, medications, social 
security benefits, lost productivity, 
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informal care; 6 months 

Modified ESCAPE-knee 
pain (Jessep et al., 2009) 

2009 

UK 

Cost effectiveness 

64 people (age >50) with 
chronic knee pain 
(consulted a primary 
care physician for mild, 
moderate, or severe knee 
pain lasting for more 
than 6 months)  

12-month pragmatic design, 
physiotherapist-led 
rehabilitation programme up to 
10 1-hour sessions 2 × week × 5 
weeks in groups of 6 with 1 
booster session at 4 months vs 
usual physiotherapy up to 10 
30-to-45-minute individual 
sessions, usual clinical practice 

WOMAC index: NS 
differences for all 
subscales 

Perspective unspecified, 2005;UK general 
population via time trade off methods; 
intervention costs, health care utilisation 
(outpatient visit, accident & emergency, 
other secondary care, general physician 
visit, nurse visit, other primary care, 
medication); 12 months 

Lifestyle     

Patient education 
programme (Lord et al., 
1999)  

1999 

UK  

Cost-minimisation  

170 primary care 
patients with knee OA, 
symptoms of the knee, 
radiographic evidence of 
OA 

1 year, clustered on primary 
care practices, nurse-led patient 
education + conventional 
management (4 1-hour sessions 
× 4 weeks) vs conventional 
management 

WOMAC index:  

NS difference for all 
subscales  

 

Societal/NHS/individual, 1996/97, UK 
general population via time trade off 
method;  

Intervention, hospital inpatient and 
outpatient services, x-ray, community 
medical services, medications, vitamins/ 
supplements, wound management 
products, social benefits, 
allied/complementary health; 1 year 

Arthritis self-
management programme 
(Patel et al., 2009) 

2009 

UK 

Cost effectiveness 

812 primary care 
patients (age ≥50) with 
hip and/or knee OA and 
pain and/or disability  

12-month pragmatic design, 6 
sessions of arthritis self-help 
management plus education 
booklet vs education booklet 
alone  

SF-36 physical and mental 
health summary scores, 
NS differences  

  

NHS and social services sector/societal; 
2002-3 rates; UK general population via 
time trade off method; 

Income, health and social care resources 
(drugs, hospital and community-based 
health and social care); personal and 
family and friends costs (out-of-pocket 
expenses, lost pay, and informal care); 
indirect impacts (time off work for 
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participants and carers); and social 
security benefits; 12 months 

Exercise and diet 
programme (Sevick et 
al., 2009) 

2009 

US 

Cost effectiveness 

316 primary care and 
advertising, knee OA 
(age ≥60), BMI ≥28 
kg/m2. knee pain most 
days of the month, 
sedentary lifestyle, 
radiographic knee OA, 
and functional 
limitations due to knee 
pain 

18-month efficacy trial, 
Exercise: aerobic & resistance, 
facility-based; 1-hour, 3 × week 
× 4 months then given the 
option to exercise at home with 
telephone contact; Diet: 
encouraged to lose 5% baseline 
weight, maintain loss × 18 
months, included home visit 
and group meetings; Exercise 
and diet: combination of the 
programmes; Healthy lifestyle 
control: monthly 1-hour 
educational meetings × 3 
months, regular contact  

WOMAC index 
percentage improvement:  

Exercise and diet vs. 
healthy lifestyle control 

Pain subscale 30.3%	  P < 
0.05 

Function subscale 24.3% 
P<0.01 

Stiffness subscale NS 

Health care funder; 2000 dollars; NA;  

Intervention costs (staff time, facilities, 
equipment, and materials), physician 
office visits, overnight hospitalisations; 
18 months 

Therapeutic education 
and functional 
readaptation programme 
(Nunez et al., 2006)  

2006  

Spain  

Cost outcomes 

100 patients attending 
hospital outpatient clinic 
with knee OA, met 
Kellgren and Lawrence 
criteria, on waiting list 
for knee replacement <6 
months 

9-month trial, 3-month 
programme: 2 30-minute 
individual visits including 
education, exercise instruction, 
pain medication and 2 1.5-hour 
group visits vs 2 GP visits and 
pain medication  

WOMAC index: 

Pain & Stiffness subscales 
NS 

Function subscale 5.63 
(95% CI 0.48 to 10.78) 
P=0.035 

Perspective unspecified, GP visits only, 
price year not reported (assumed 2001); 9 
months 

 

* Positive values represents a beneficial difference. 
ALF, Aggregate Locomotor Function; CT, computerised tomography; GP, general practitioner; MRI, magnetic resonance imaging; NHS, National 
Health Service; NA, not applicable; NS, not significant; OA, osteoarthritis; UK, United Kingdom; WOMAC, Western-Ontario and McMaster 
Universities osteoarthritis index  
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Table 3.2 Key results of cost utility analyses 

Programme Mean 
QALY per 
person  

Mean total cost 
per person* 

Mean 
programme cost 
per person* 

Incremental cost per 
QALY*† 

Primary 
analysis 
perspective 

Exercises      
Class-based exercise (McCarthy et al., 2004a, 
Richardson et al., 2006) 
vs. home-based programme 

0.045 
0.022 

$769 
$779 

Not reported Cost saving (no point estimate 
reported) 

NHS and social 
services sector 

Water-based therapy (Cochrane et al., 2005) 
vs. usual care 

0.022‡ $796 
$1062 

$830 Cost saving Societal 

Facility-based (Sevick et al., 2000) Aerobic exercise 
vs. resistance exercise 
vs. education 

N/A 
N/A 
N/A 

$467 
$470 
$497 

$452 N/A 
N/A 
N/A 

Health care funder 

Acupuncture (Reinhold et al., 2008)   
vs. delayed acupuncture 

0.024‡ $702 
$71 

$190-$480§ $25 707|| per QALY gained Societal 

Rehabilitation      
Behavioural-graded activity (Coupe et al., 2007) 
vs. physiotherapy guidelines  

0.71 
0.73 

$3103 
$4097 

Not reported $63 019|| saved per QALY lost 
(95% CI –$128 374 to $2040 
599) 

Societal 

ESCAPE-knee pain (Hurley et al., 2007b) 
Rehabilitation 
vs. individual rehabilitation 
vs. group rehabilitation 
vs. usual care  

 
0.0057 
−0.0034 
0.0009 
0.0096 

 
$573 
$679 
$454 
$272 

 
Not reported 
$454 
$522 

 
Dominated by usual care 
Dominated by usual care 
Dominated by usual care 
 

 
NHS and social 
services sector 

Modified ESCAPE-knee pain (Jessep et al., 2009) 
vs. physiotherapy 

 
0.45¶ 
0.36¶ 

 
$517 
$941 

 
$103 
$211 

 
Cost saving (no point estimate 
reported) 

 
Not reported 

Lifestyle programmes      
Nurse-led patient-education programme (Lord et al.,      
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1999)  
vs. usual care 

−0.011¶ 
−0.012¶ 

$659 
$209 

$255 $538 750|| per QALY gained Social direct cost 

Diet and Exercise (Sevick et al., 2009) 
vs. diet only 
vs. exercise only 
vs. healthy lifestyle 

N/A 
N/A 
N/A 
N/A 

$6704 
$3523 
$3348 
$697 

$6126 
$2960 
$2828 
$192 

N/A 
N/A 
N/A 
N/A  

Health care 
funder 

Six-session arthritis self-management programme 
(Patel et al., 2009) 
vs. education booklet 

 
−0.01‡ 
 

 
$461/2427 
$289/2503 

 
$273 

 
Dominated by control/ 
$4400|| saved per QALY lost 

 
NHS and social 
services 
sector/Societal  

Therapeutic education and functional readaptation 
(Nunez et al., 2006) 
vs. control 

0.011¶ 

−0.005¶ 
$68 
$80 

Not reported Not available (insufficient data) Not reported 

* Costs reported in US$ dollars at 2008 prices 
† Relative to comparator treatments (usual care, education, etc) 
‡ Total QALYs were reported as incremental difference 
§ Calculated by review authors using reported per session cost of $19-32 for 10-15 sessions 
|| Incremental cost effectiveness ratio was adjusted for baseline costs/covariates 
¶ Calculated by review authors using area under the curve (AUC) accounting for baseline with published data 
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Six of the studies were set in the UK (Cochrane et al., 2005, Hurley et al., 2007b, Lord 

et al., 1999, Richardson et al., 2006, Jessep et al., 2009, Patel et al., 2009), two in the 

US (Sevick et al., 2000, Sevick et al., 2009), and one each in Germany (Reinhold et al., 

2008), The Netherlands (Coupe et al., 2007), and Spain (Nunez et al., 2006) (Table 

3.1). ICERs with QALYs as the unit of health benefit were reported by six of the 

studies (Cochrane et al., 2005, Coupe et al., 2007, Hurley et al., 2007b, Richardson et 

al., 2006, Reinhold et al., 2008), and QALYs were calculated for two studies using 

published data (Lord et al., 1999, Nunez et al., 2007). Exercise interventions were 

evaluated by three studies (Cochrane et al., 2005, Richardson et al., 2006, Sevick et al., 

2000), rehabilitation programmes by three (Coupe et al., 2007, Hurley et al., 2007b, 

Jessep et al., 2009), acupuncture by one (Reinhold et al., 2008), and lifestyle 

programmes by four (Lord et al., 1999, Nunez et al., 2006, Patel et al., 2009, Sevick et 

al., 2009). 

 

 Exercise interventions 3.3.1

Each of the three studies evaluating exercise programmes (each relative to different 

comparators) found that the exercise intervention resulted in better health outcomes at 

lower cost (i.e., cost saving). The first of these studies evaluated a class-based exercise 

programme for people with knee OA. A senior physiotherapist supervised a circuit of 

exercises that included stretching, balance training, and strengthening with functional 

and isometric exercises in addition to a home-based exercise programme (McCarthy et 

al., 2004a, Richardson et al., 2006). From the perspective of the UK’s National Health 

Service (NHS) and the social services sector, the class-based exercise programme 

resulted in lower costs and incremental QALY gains relative to home-based exercise 

alone (Table 3.2). Participants also improved their Aggregate Locomotor Function 

scores by an average of 2.89 seconds (95% CI:1.82 to 3.96, P<0.001). 

 

The second study evaluated a year-long water exercise programme delivered by 

qualified swimming instructors (Cochrane et al., 2005). The programme was directed at 

the hip and knee and included exercises to improve strength, motion, balance, 

coordination, and cardiovascular conditioning (Cochrane et al., 2005). From a societal 

perspective and relative to usual care, water-based exercise resulted in lower costs and 

incremental QALY gains. Participants in the water exercise group also improved their 
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Western-Ontario and McMaster Universities OA index (WOMAC) pain scores by 0.89 

(95% CI: 0.08 to 1.70, P<0.05). 

 

 The third study evaluated two programmes implemented at two clinical centres 

(tested in the same study) consisting of three months of aerobic exercise (a walking 

programme at 50-70% heart rate reserve) and full body resistance training respectively. 

From the perspective of the health funder and relative to three sessions of health 

education plus regular contact, both programmes resulted in lower costs and improved 

disability scores. Incremental improvement in self-reported disability scores for aerobic 

and resistance exercise programmes were 0.18 (95% CI: 0.07 to 0.29, P<0.001) and 

0.16 (95% CI: 0.05 to 0.27, P=0.003) respectively (Sevick et al., 2000). Aerobic 

exercise resulted in lower health care costs and greater health gains than resistance 

exercise. QALYs were not reported, and were unable to be calculated from the data 

available. 

 

 Acupuncture 3.3.2
In the single study of acupuncture for patients with hip and/or knee OA, the cost 

effectiveness ratio favoured the intervention. The treatment involved needle 

acupuncture with manual stimulation performed by physicians certified as trained in 

acupuncture, with the number of needles and acupuncture points at the physician’s 

discretion (Reinhold et al., 2008). From a societal perspective and relative to delayed 

acupuncture (i.e., treatment delayed three months), acupuncture resulted in higher costs 

and incremental QALY gains. The incremental cost per QALY was $25 707 (2008 US 

dollars), indicating good value for money. Participants also improved their total 

WOMAC scores by 16.80 points (95% CI: 14.02 to 19.58, P<0.001) after three months.  

 

 Rehabilitation programmes 3.3.3
The three studies evaluating rehabilitation programmes produced conflicting results. 

The behavioural-graded activity programme aimed to gradually increase participants’ 

activity levels via short- and long term goal setting and the integration of new activities 

into daily life (Coupe et al., 2007, Veenhof et al., 2006). From a societal perspective 

and relative to physiotherapy as recommended by the Dutch physiotherapy guidelines, 
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the programme’s lower costs were offset by incremental QALY losses. No significant 

differences in the other primary outcomes were detected.  

 

The two other rehabilitation studies evaluated the ESCAPE-knee pain rehabilitation 

programme, which included discussions with patients about topics such as self-

management and coping strategies and an individualised, progressive exercise routine 

(Hurley et al., 2007b, Jessep et al., 2009). The first study reported that, from the 

perspectives of society and the NHS and social services sector respectively; the 

intervention resulted in higher health care costs and incremental QALY losses relative 

to usual care (Hurley et al., 2007b). Nevertheless, the ESCAPE-knee pain group 

showed a 12% increase in the number of participants achieving significant 

improvements in WOMAC function scores from baseline (P=0.038). The programme 

was not cost effective when QALYs were the measure of benefit and this result held 

whether the programme was delivered individually or in a group format. 

 

 A follow up study evaluated a shortened ESCAPE-knee pain rehabilitation programme 

and added a booster session at four months in order to make it more clinically 

applicable and to promote long term adherence to exercise (Jessep et al., 2009). 

Relative to usual physiotherapy, the modified ESCAPE-knee pain programme was cost 

saving (perspective unspecified). The QALY gains and improvements in the WOMAC 

subscales were not statistically significant. 

 

 Lifestyle programmes 3.3.4

The four lifestyle programmes were not cost effective (relative to their respective 

comparators) when QALYs were the measure of benefit (Lord et al., 1999, Nunez et 

al., 2006, Patel et al., 2009, Sevick et al., 2009). However, the cost effectiveness results 

were contradictory when other measures of benefit such as WOMAC scores were 

employed.  

 

The first study evaluated a patient-education programme led by nurses that sought to 

inform patients about OA pain prevention, exercise, joint protection, diet, and 

relaxation techniques (Lord et al., 1999). From the perspectives of society and relative 

to usual care, the education programme’s significantly higher costs and incremental 
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QALY gains resulted in an estimated cost per QALY of $538 750. This estimate is not 

considered to be cost effective based on conventional standards of cost effectiveness. 

No improvement in WOMAC scores was found. 

 

The second study evaluated a six-session self-management programme in addition to 

the provision of an education booklet (Patel et al., 2009). The self-management 

programme focused on principles of self-help, emotion management, exercise 

instruction, disease education, communication skills, pain management, and healthy 

eating. From the perspective of the NHS and social services sector and relative to the 

provision of an education booklet alone, the programme cost more and resulted in a 

QALY loss of 0.01 (95% CI –0.04 to 0.01). From the societal perspective, the QALY 

loss was offset by slightly lower programme costs ($44 savings). Neither estimate is 

considered cost effective based on conventional standards of cost effectiveness. A non-

significant improvement in HRQoL was found using the SF-36.  

 

The third study evaluated a programme of exercise and diet relative to diet alone, 

exercise alone, and a healthy lifestyle control respectively (Sevick et al., 2009). From 

the perspective of the health funder, the diet and exercise intervention cost more than 

the other three interventions and produced a greater benefit on all subscales of the 

WOMAC. The diet and exercise intervention was significantly more effective than the 

health lifestyle control using the WOMAC pain and function subscales, 30.3% 

(P<0.05) and 24.3% (P<0.01) respectively. An improvement was also found on the 

stiffness subscale of the WOMAC, but it was not significant. QALYs were not 

reported, and were unable to be calculated from the published data. 

 

The fourth study evaluated a therapeutic education and functional readaptation (TEFR) 

programme led by a health educator that included energy conservation and joint 

protection strategies, pain control, use of assistive devices, exercise instruction, and 

pain medication prescription (Nunez et al., 2006). Although the study was not a full 

economic evaluation and cost effectiveness was not addressed, general practitioner 

costs were reported. Relative to an alternative treatment regimen of two general 

practitioner visits and pain medication, the TEFR programme resulted in a $12 

decrease in costs, an incremental QALY gain of 0.04 and an improvement in WOMAC 

function score of 5.63 points (95% CI: 0.48 to 10.78, P=0.035) at nine months. Also, 
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the number of analgesics taken per week by participants in the TEFR programme 

increased significantly (P=0.036).  

 

Further information about the characteristics of the included studies and the key results 

of the cost utility analyses are reported in Tables 1 and 2 respectively. 

 

 Methodological quality of trials 3.3.5

The methodological quality of the RCTs was considered to be important underlying 

determinants of the quality of the economic evaluations (Table 3.3). Seven studies 

satisfied at least six items on the risk of bias checklist, indicating low risk of bias 

(Coupe et al., 2007, Hurley et al., 2007b, Jessep et al., 2009, Patel et al., 2009, 

Richardson et al., 2006, Sevick et al., 2000, Sevick et al., 2009). In most studies 

assessors were reported to be blind to group allocation. However, in all studies 

participants were not blind to group allocation and used self-reported outcome 

measures, therefore assessor blinding was scored as unmet for all studies (Table 3.3).   

 

 Quality of economic analyses 3.3.6

Eight studies (Cochrane et al., 2005, Coupe et al., 2007, Hurley et al., 2007b, Lord et 

al., 1999, Patel et al., 2009, Reinhold et al., 2008, Richardson et al., 2006, Sevick et al., 

2009) met the 75-point threshold demarcating ‘low’ quality studies from ‘high’ quality 

ones (Table 3.4). For eight studies (Cochrane et al., 2005, Coupe et al., 2007, Lord et 

al., 1999, Richardson et al., 2006, Sevick et al., 2000, Jessep et al., 2009, Patel et al., 

2009, Sevick et al., 2009), their time horizons for costs and health outcomes were 

considered for at least one year. For the remaining three studies (Hurley et al., 2007b, 

Reinhold et al., 2008, Nunez et al., 2006), their time horizons were 6, 3, and 9 months 

respectively. None of the 11 studies considered costs and effects in the longer term 

such as over the participants’ lifetimes.  

 

The studies’ intervention comparators were diverse. They included usual care 

(Cochrane et al., 2005, Hurley et al., 2007b, Lord et al., 1999), a home exercise 

programme (Richardson et al., 2006), a patient education programme (Sevick et al., 

2000), delayed acupuncture (Reinhold et al., 2008), the Dutch physiotherapy guidelines 
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(Coupe et al., 2007), two general practitioner visits, prescribed pain medication (Nunez 

et al., 2006), an education booklet (Patel et al., 2009), usual physiotherapy (Jessep et 

al., 2009), and a healthy lifestyle intervention (Sevick et al., 2009).   

 

All but one (Sevick et al., 2009) of the studies meeting the 75-point quality threshold 

addressed sample uncertainty via bootstrapping (Cochrane et al., 2005, Coupe et al., 

2007, Richardson et al., 2006, Hurley et al., 2007b, Lord et al., 1999, Reinhold et al., 

2008). Of these studies, seven performed sensitivity analyses (Coupe et al., 2007, 

Richardson et al., 2006, Hurley et al., 2007b, Lord et al., 1999, Reinhold et al., 2008, 

Patel et al., 2009, Sevick et al., 2009). In addition, just over half of the studies 

addressed decision uncertainty by providing cost effectiveness acceptability curves 

(CEACs) (Cochrane et al., 2005, Reinhold et al., 2008, Hurley et al., 2007b, 

Richardson et al., 2006, Patel et al., 2009). Of the two economic studies that did not 

meet the quality threshold, one performed a sensitivity analysis but did not address 

sampling uncertainty (Sevick et al., 2000), and the other addressed neither source of 

uncertainty (Jessep et al., 2009).  
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Table 3.3 Risk of bias assessment for health outcomes 

Risk of bias assessment 

(C
ochrane et al., 2005) 

(C
oupe et al., 2007) 

(H
urley et al., 2007b) 

(Jessep et al., 2009) 

(L
ord et al., 1999) 

(N
unez et al., 2006) 

(Patel et al., 2009) 

(R
einhold et al., 2008) 

(R
ichardson et al., 2006, 

M
cC

arthy et al., 2004a) 

(Sevick et al., 2000) 

(Sevick et al., 2009) 

Was the method of 
randomisation adequate? 

yes yes yes yes don’t 
know 

yes yes yes yes yes yes 

Was treatment allocation 
concealed? 

no don’t 
know 

yes yes don’t 
know 

don’t 
know 

yes yes yes yes yes 

Were groups similar at 
baseline regarding most 
important prognostic 
indicators? 

yes yes yes yes no yes yes yes yes yes yes 

Was patient blinded to 
intervention? 

no no no no no no no no no no no 

Was care provider blinded 
to intervention? 

no no no no no no no no no no no 

Was the outcome assessor 
blinded to intervention? 

no no no no no no no no no no no 

Were co-interventions 
avoided or similar? 

no don’t 
know 

don’t 
know 

yes don’t 
know 

no yes yes yes don’t 
know 

don't 
know 

Was compliance acceptable 
in all groups? 

yes yes yes yes yes don’t 
know 

yes don’t 
know 

yes yes yes 

Was the drop-out rate 
described and acceptable? 

no yes yes yes yes yes yes no no yes yes 

Was the timing of the 
outcome assessment in all 
groups similar? 

yes yes no yes yes yes yes yes yes yes yes 

Did the analysis include an 
intention to treat analysis? 

yes yes yes yes yes no yes no yes yes yes 

Risk of bias high low low low high high low high low low low 
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Table 3.4 Quality of Health Economic Studies (QHES) assessment 

Quality of Health Economics Studies (QHES) assessment 

Points available 

(C
ochrane et al., 2005) 

(C
oupe et al., 2007) 

(H
urley et al., 2007b) 

(Jessep et al., 2009) 

(L
ord et al., 1999) 

(N
unez et al., 2006) 

(Patel et al., 2009) 

(R
einhold et al., 2008) 

(R
ichardson et al., 2006, 

M
cC

arthy et al., 2004a) 

(Sevick et al., 2000) 

(Sevick et al., 2009) 

Was the study objective presented in a clear, specific, and measurable manner? 7 7 7 0 0 7 0 7 7 7 7 7 
Were the perspective of the analysis (societal, third-party payer, etc.) and reasons 
for its selection stated? 4 4 4 4 0 4 0 4 4 0 0 4 
Were variable estimates used in the analysis from the best available source (i.e. 
RCT = best, expert opinion = worst)? 8 0 8 8 8 0 0 8 0 8 8 8 
If estimates came from a subgroup analysis, were the groups pre-specified at the 
beginning of the study? 1 1 0 1 1 1 1 1 0 1 1 1 
Was uncertainty handled by (1) statistical analysis to address random events, (2) 
sensitivity analysis to cover a range of assumptions? 9 0 9 9 0 9 0 9 9 9 0 0 

Was incremental analysis performed between alternatives for resources and costs? 6 6 6 6 0 6 0 6 6 6 6 6 
Was the methodology for data abstraction (including the value of health states and 
other benefits) stated? 5 5 5 5 5 5 5 5 5 5 5 5 
Did the analytic horizon allow time for all relevant and important outcomes? Were 
benefits and costs that went beyond 1 year discounted (3% to 5%) and justification 
given for the discount rate? 

7 7 7 0 7 7 0 7 0 7 7 7 

Was the measurement of costs appropriate and the methodology for the estimation 
of quantities and unit costs clearly described? 8 8 8 8 0 8 0 8 8 8 8 0 
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Were the primary outcome measure(s) for the economic evaluation clearly stated 
and were the major short term, long term and negative outcomes included? 6 6 6 6 6 6 0 6 6 6 6 6 
Were the health outcomes measures/scales valid and reliable? If previously tested 
valid and reliable measures were not available, was justification given for the 
measures/scales used? 

7 7 7 7 7 7 7 7 7 7 0 7 

Were the economic model (including structure), study methods and analysis, and the 
components of the numerator and denominator displayed in a clear, transparent 
manner? 

8 0 8 8 8 8 0 8 8 8 8 0 

Were the choice of economic model, main assumptions, and limitations of the study 
stated and justified? 7 7 7 7 0 0 0 7 7 7 7 7 

Did the author(s) explicitly discuss direction and magnitude of potential biases? 6 6 6 6 0 6 0 6 6 6 6 6 
Were the conclusions/recommendations of the study justified and based on the study 
results? 8 8 8 8 8 8 8 8 8 8 0 8 

Was there a statement disclosing the source of funding for the study? 3 3 3 3 3 3 0 3 3 3 3 3 

Total score 100 75 99 86 53 85 21 100 84 96 72 75 
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3.4 Discussion  
Despite recommendations for non-pharmacologic, non-surgical interventions in OA 

management guidelines, there is limited evidence that such interventions are cost 

effective. Only 11 published studies that included evidence of this type. Moreover, just 

five of these eleven studies exceeded the quality threshold for the QHES and were 

associated with RCTs with a low risk of methodological bias. Four studies reported 

ICER estimates in terms of cost per QALY gained that met threshold levels of WTP. 

These included studies assessing the cost effectiveness of exercise (Cochrane et al., 

2005, Richardson et al., 2006), acupuncture (Reinhold et al., 2008), and rehabilitation 

(Jessep et al., 2009). Unfortunately, for all but one (Richardson et al., 2006) biases in 

the economic evaluation or associated clinical trial diminish confidence in these 

findings. Using the QALY as the measure of benefit, no studies assessing lifestyle 

interventions were found to be cost effective. The QHES guide was created (Appendix 

A3.3) to make grading decisions about the quality of these studies transparent. Study 

characteristics were reported in detail (Table 3.1) so that readers would be able to judge 

for themselves the extent to which particular studies are relevant and generalisable to 

their own patients or population groups.  

 

The evaluation of an intervention’s cost effectiveness is especially sensitive to the 

particular comparator used. It is important that usual care or an existing treatment of 

known cost effectiveness is the comparator so that the study is able to address the 

fundamental issue of whether the new treatment improves the overall efficiency of 

health care spending for the disease or population under investigation (Glick et al., 

2007). Unfortunately, over half of the studies in the review included comparators of 

unknown cost effectiveness. Therefore, the capacity of these studies to address the 

above-mentioned fundamental issue is seriously compromised. Only three studies 

identified usual care as the comparator (Cochrane et al., 2005, Hurley et al., 2007b, 

Lord et al., 1999), and two others (Richardson et al., 2006, Patel et al., 2009) used the 

equivalent of a ‘do nothing’ comparator when evaluating a home-based exercise 

programme and education booklet respectively. 

 

Health outcomes other than QALYs are often reported in economic evaluations, 

enabling decision-makers to consider trade offs between a range of benefits. All but 
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one of the RCTs (Sevick et al., 2000) included the WOMAC scale as an outcome 

measure, but the economic studies either did not report the WOMAC (Lord et al., 1999, 

Richardson et al., 2006, Patel et al., 2009) or the manner in which it was reported 

precluded comparisons of studies (Reinhold et al., 2008, Hurley et al., 2007b, Cochrane 

et al., 2005, Coupe et al., 2007, Jessep et al., 2009). Only one study (Coupe et al., 2007) 

included the OMERACT-OARSI criteria, which has been recommended as a clinical 

outcome measure for use in economic evaluations of treatments for OA (Drummond et 

al., 2003). 

 

Two of the rehabilitation studies (Coupe et al., 2007, Hurley et al., 2007b) and two of 

the lifestyle studies (Patel et al., 2009, Sevick et al., 2009) had low risks of bias for 

both health and cost outcomes. Three of these four studies produced smaller treatment 

effects than their comparators when QALYs were used as the measure of benefit 

(Coupe et al., 2007, Hurley et al., 2007b, Patel et al., 2009), and the fourth did not 

report QALYs (Sevick et al., 2009). The probability that the ESCAPE-knee pain 

rehabilitation programme was cost effective was just 38% when a WTP threshold of 

$32 000 per QALY was applied in the CEAC (Hurley et al., 2007b). The probability 

that the arthritis self-management programme was cost effective peaked at 20% for 

WTP thresholds of up to $46 000 per QALY (Patel et al., 2009).  

 

The third study, assessing behavioural-graded activity, reported both QALY losses and 

lower costs that translated to $63 000 saved per QALY lost (2008 US dollars) (Coupe 

et al., 2007). In other words, for each QALY lost by undertaking this intervention, $63 

000 is saved that could, potentially, be used for other health care services or treatments. 

The value that society is willing to accept (WTA) as compensation for the loss of a 

QALY and the value that society is WTP (willing to pay) to gain a QALY are often 

regarded as being equal in order to simplify the interpretation of the cost effectiveness 

plane (O'Brien et al., 2002). If the threshold values of WTP and WTA are equal (i.e. the 

relationship between WTP and WTA is symmetrical), the $63 000 saved by the 

behavioural-graded activity programme represents good value for money as it exceeds 

$50 000. There is evidence, though, that WTA threshold values are higher than WTP 

values, with the ‘selling price’ (WTA) of a QALY on average 1.9 times greater than 

WTP values (O'Brien et al., 2002). On this basis, the $50 000 threshold WTP per 

QALY corresponds to a $95 000 WTA threshold, and the $63 000 per QALY, in effect, 
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‘offered’ by the behavioural-graded activity represents poor value for money because it 

is below the $95 000 threshold. 

 

The cost effectiveness results of the two studies of water-based exercise therapy and 

acupuncture respectively (Cochrane et al., 2005, Reinhold et al., 2008) indicated they 

were good value for money. However, confidence in these results is undermined by the 

studies’ limitations. Both RCTs suffered from high risks of bias, and the ICER estimate 

for water-based therapy was marred by the lack of a baseline assessment and sensitivity 

analysis (Cochrane et al., 2005). The effect estimate of the acupuncture study was 

likely inflated as a result of the short three-month follow up and using delayed 

acupuncture as a comparator (Reinhold et al., 2008). 

 

The study of class-based exercise exhibited low risks of bias for both health and cost 

outcomes and indicated good value for money as the intervention incurred lower health 

care costs and achieved more QALYs than its comparator (McCarthy et al., 2004a, 

Richardson et al., 2006). The probability of class-based exercise being good value for 

money given a decision maker’s WTP of $17 000 per QALY was greater than 70%. 

Although having 95% confidence is standard for establishing an intervention’s 

effectiveness, it is debatable whether cost effectiveness results require a 95% level of 

confidence (Glick et al., 2007). 

 

3.5 Limitations of this review 
This review has several limitations. First, it is restricted to trial-based economic studies 

of non-pharmacologic, non-surgical treatments of hip and/or knee OA, and therefore 

model-based economic evaluations and evaluations of other technologies were not 

included. Trial-based economic analyses and model-based analyses are not considered 

comparable in a systematic review of economic studies due to substantial 

methodological differences (Anderson, 2010). Therefore, in order to retain 

comparability, only one form of economic analysis should be assessed in a systematic 

review. Second, only DP screened the search results for review of full text articles; 

though, MCR was consulted during the review of full-text articles before the final 

inclusion or exclusion decision was reached for the articles. A third limitation of the 

review is the small number of studies that met inclusion criteria, which is somewhat 
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surprising given hip and knee OA’s large burden of disease, and the call for cost 

effective treatments at the start of the Bone and Joint Decade in the new millennium 

(Woolf, 2000). Fourth, the generalisability of these results is limited by the 

heterogeneity of the interventions and comparators evaluated, and the fact that 

relatively few studies were available.  

 

 A controversy in the literature is the extent to which systematic reviews of 

economic studies are capable of providing generalisable results given the studies’ 

heterogeneity (Anderson, 2010). Pragmatic trials are generally regarded as the 

preferred approach for trial-based economic evaluations (Ramsey et al., 2005) because 

they seek to determine whether findings will be significant amidst the “noise” of the 

usual care environment (Thorpe et al., 2009, p. E48). Most of the studies included in 

this review explicitly identified themselves as being pragmatic trials (Table 3.1); 

however, none were on the extreme pragmatic end of the pragmatic-explanatory 

continuum as defined by Thorpe et al (Thorpe et al., 2009). This is most likely due to 

the inclusion criteria, which restricted studies to those that included individuals with 

diagnosed OA. In doing so, studies from the extreme end of the pragmatic continuum 

were excluded where, for example, joint pain for 1 month and pain in the past year in 

persons aged >45 years allowed inclusion into the study (Thomas et al., 2005). 

Pragmatic trials do present some difficulties in interpretation, by their nature, they 

include real-world idiosyncrasies peculiar to the particular environment in which the 

trial was undertaken, so that comparing trials vis-à-vis each other can be problematic 

(Thorpe et al., 2009). In favouring external validity, pragmatic trials inevitably sacrifice 

internal validity and hence strict comparability or repeatability (Thorpe et al., 2009). 

On the other end of the continuum is the explanatory trial, which attempts to determine 

whether an intervention can work in an ideal environment. A concern with explanatory 

trials is the risk of having clinically meaningless findings in pursuit of results that are 

‘methodologically pure’ (Treweek and Zwarenstein, 2009). All the trials included in 

this review provide clinically meaningful information. 

 

 In recognition of these important trade offs, a balance between internal and 

external validity is required (Godwin et al., 2003). Trade offs between internal/external 

validity were identified by highlighting each study’s risk of bias with respect to internal 

validity as well as the quality of the economic analysis. The internal validity criteria 
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(Table 3.3), validated in both pragmatic and explanatory trials, specifically address 

attrition bias and the balanced use of co-interventions, which allows readers to judge 

whether contamination or dilution of the treatment effect may have occurred. The 

response to each study’s complexity, including the use of usual care as a comparator 

that may differ between jurisdictions and over time, was to highlight the conservative 

treatment with the most support, based on high internal validity and a high quality 

economic analysis, instead of attempting to report an average result (Anderson, 2010). 

It would have been ideal to divide the trials in this review based on where they fell on 

the pragmatic-explanatory continuum. This would have provided an opportunity to 

identify how trial attitude influences the cost effectiveness estimate; however, too few 

studies were on the explanatory end of the continuum (Nunez et al., 2007, Sevick et al., 

2000, Sevick et al., 2009). As a sensitivity analysis, these three studies were removed 

from the review and the conclusions were unchanged. A worthwhile area for future 

research is the development of assessment tools that identify and balance the biases 

related to both internal and external validity. In addition, it appears a discourse is 

needed to consider how to make decisions about interventions that are difficult to 

compare.    

 

3.6 Recommendations for future research  
This review produced five main recommendations. First, outcomes should be more 

uniformly reported, to enable comparison with other studies. It is suggested that trials 

regularly collect HRQoL data using common generic instruments for calculating 

QALYs. Future economic analyses based on trials that measure the WOMAC should 

report the composite WOMAC index, rather than selectively use one subscale. Echoing 

Drummond et al (Drummond et al., 2005b, Drummond et al., 2003), future studies 

should use usual care, the equivalent of a ‘do nothing’ alternative, or justify the cost 

effectiveness of their comparator, and the analytic horizon of economic evaluations of 

symptom-modifying treatments of OA is at least one year. To improve reporting of 

threats to internal validity, researchers should report levels of adherence and use of co-

interventions in economic studies. Finally, based on this review overall, more cost 

effectiveness studies with high methodological standards and common clinical 

outcomes are recommended in order to better inform clinicians, funders and policy 

makers. 
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3.7 Conclusion 
Most of the RCTs in this review exhibited high risks of bias for the cost and/or effect 

components of their cost effectiveness estimates. Current guidelines recommend 

exercise and patient education for patients with hip and/or knee OA, but evidence of 

cost effectiveness for these conservative treatments is limited. Consistent measures of 

potential biases impacting on internal and external validity are needed so that the 

information from systematic reviews of economic evaluations is more useful for 

decision-makers. When QALYs are used as the measure of benefit, the home-based 

exercise programme (Richardson et al., 2006) appears to offer good value for money 

for the conservative management of hip and/or knee OA. 
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Chapter	  4 Agreement	  between	  questionnaire	  and	  

administrative	  databases	  for	  health	  care	  use	  and	  costs	  

in	  patients	  with	  osteoarthritis	  

This chapter was published in BMC Medical Research Methodology in 2011 (Pinto et 

al., 2011b). It was presented as a platform presentation at the American Physical 

Therapy Association conference in 2010 where the candidate was awarded with Best 

Platform Presentation from the section on Health Policy and Administration. It was 

also presented as a poster at the International Society of Pharmacoeconomics and 

Outcomes Research in 2010 where the candidate was awarded with a Finalist Poster 

Award.  

 

4.1 Background 
The estimation of costs is an essential component in economic analyses of health care. 

Such estimations involve identifying the relevant cost items, determining the quantities 

of resources used, and assigning unit costs (also known as price weights) to the cost 

items (Drummond et al., 2005b). Once relevant costs are identified, the types and 

quantities of resources used can be obtained by accessing information from health care 

providers, funders, or patients (van den Brink et al., 2004). 
 

Providers’ administrative databases and medical records are potentially rich sources of 

data. Auditing medical records has been considered the gold standard for identifying 

and quantifying health care use, but this approach has limitations (Raina et al., 2002, 

Ritter et al., 2001). Usually only a partial representation of direct costs is captured per 

provider, multiple providers must be approached for each patient, and cooperation from 

administrative staff is required (Ritter et al., 2001, van den Brink et al., 2005). 

Providers may restrict access to medical records due to privacy or security concerns, 

and computer databases may be designed to track patients’ billing rather than their 

medical histories (Ritter et al., 2001). Medical reports may also contain inaccuracies; 

Jordan et al. suggests that repeat consultations and consultations for multiple conditions 

may not be accurately recorded (Jordan et al., 2006). Orrico reviewed discrepancies 

between patient self-reporting and medical records with respect to outpatient 
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medication use and found that discrepancies arose from medical system errors in 49% 

of such instances (Orrico, 2008). 

 

When estimating costs, using the societal perspective allows for the broadest capture of 

costs (Patel et al., 2005). It is also generally the ‘gold standard’ with regards to 

capturing cost transfers, opportunity costs, and comparability of results (Gold et al., 

1996). In many situations patients must be asked about their health care use, expenses 

and other consequences, because administrative databases cannot capture all such 

information (Goossens et al., 2000). Methods for collecting patient-reported data 

include cost diaries, questionnaires, and patient interviews. These measures can be 

differentiated by their use of prospective versus retrospective reporting. Diaries are 

regarded as prospective instruments because a patient has the diary prior to the health 

visit and typically uses very small recall periods to record health care use, which 

minimises recall bias (Verbrugge, 1980). Though the health diary has clear advantages 

when capturing data about daily symptoms, the superiority of this method for capturing 

health care use is less clear (Verbrugge, 1980). Major disadvantages of diaries include 

the burden on patients, complexity of data processing and analysis, exclusion of 

patients who are functionally illiterate, inability of researchers to immediately probe for 

additional data, high levels of item level missing data, and dependence on participants’ 

motivation to record their data (Richardson, 1994, Verbrugge, 1980). Retrospective 

methods for capturing health data include questionnaires and patient interviews. Like 

diaries, these methods can provide researchers with ample detail and information 

unavailable from provider databases; however, because they are retrospective they are 

susceptible to recall bias. The risk of recall bias can be reduced by carefully designing 

the questionnaire or interview instrument (Bhandari and Wagner, 2006).  

 

It is important before applying a self-report instrument in an economic study to assess 

its accuracy (Cronan and Walen, 2002). In this study, the development and testing of 

the Osteoarthritis Cost and Consequences Questionnaire (OCC-Q) for capturing health 

care use and costs in patients with OA is described. The primary objectives were to 

assess the validity and feasibility, in a clinical trial setting, of using the OCC-Q 

compared with using administrative databases and to compare the research costs of 

these two data-capture methods. 
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 The New Zealand health system context 4.1.1
New Zealand’s health system is a public system, mainly funded from taxation. Most 

hospitals are publicly owned and are administered by 21 District Health Boards 

(DHBs) throughout the country. Along with community guidance, primary health care 

is managed by DHBs and Primary Health Organisations (PHOs), whose job it is to 

provide primary health care services to enrolled patients. PHOs include multiple 

primary health care providers including general practitioners (GPs), nurses, 

pharmacists, and physiotherapists (King, 2001). The government funds PHOs via 

DHBs through weighted capitation where funding rates increase based on the expected 

number of primary health visits per annum and the specified range of health care needs 

of the enrolled patient (MoH, 2002, Hefford et al., 2005, Cumming et al., 2008). 

Individuals must register with PHOs in order to receive subsidised primary care (King, 

2001). Services provided by medical specialists and allied health workers are mostly 

free to patients if the services are provided via DHBs; otherwise patients usually incur 

the full price as out-of-pocket costs (Hefford et al., 2005). Publicly-funded 

pharmaceuticals are purchased by New Zealand’s Pharmaceutical Management Agency 

(PHARMAC), and most physician-prescribed pharmaceuticals are available to patients 

for a $3 co-payment. 

 

4.2 Methods 
Data intended for performing a cost utility analysis (CUA) were collected as part of the 

Management of OsteoArthritis (MOA) Trial – a randomised controlled trial (RCT) 

investigating the value of physiotherapy in addition to usual care for patients with hip 

or knee OA undertaken in Dunedin, New Zealand (Abbott et al., 2009). Description of 

the trial will occur in Chapter 5 of this thesis. Participants gave their informed consent 

to allow their medical records to be reviewed and compared, and ethical approval was 

granted by the Lower South Regional Ethics Committee.  

 

 Questionnaire development 4.2.1

The OCC-Q (the Osteoarthritis Cost and Consequences Questionnaire) was designed to 

capture health care use, patient co-payments, and other out-of-pocket costs related to 

hip or knee OA over the preceding three-month period. The questionnaire was 

developed based on existing tools and recommendations (Cochrane et al., 2005, Lanes 
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et al., 1997, Mittendorf et al., 2003) with input from experts in public health, health 

economics, clinical pharmacy and physiotherapy. Many of the questionnaire sections 

were modelled after the questionnaire reported by Cochrane et al (Cochrane et al., 

2005). Modifications included the standardisation of the recall timeframe to three-

months for the majority of health care use and increased detail of resource utilisation 

domains. Health care services and expenses with the potential to contribute 

significantly to OA-related costs such as OA-related medications and inpatient care 

were listed in detail to improve participants’ recall and decrease the effect of fatigue on 

recall (Lanes et al., 1997, Bhandari and Wagner, 2006). The questionnaire was assessed 

to ensure that resource utilisation domains, recommended for the assessment of costs in 

musculoskeletal diseases, were being captured (Mittendorf et al., 2003). The 

questionnaire was pilot-tested on patients with OA to check the clarity of its questions 

and its capacity to capture OA-related costs and consequences.  

 

At the three-month follow up point (April 2008 to December 2009), a cover letter and 

questionnaire with a return postage-paid envelope were sent to the first 56 participants 

in the MOA trial. The cover letter expressed interest in the participant’s health care use 

since the start of the MOA trial, with each participant’s trial start date mentioned to 

improve recall. The questionnaire asked the participant to recall his or her visits to GPs, 

public and private hospitals, and any community services received. It also asked about 

any time off work, co-payments or out-of-pocket costs related to OA over the three-

month period, and use of OA-related medications during the previous week. 

Participants were invited in the cover letter to ring the contact phone number provided 

if they had any questions. The cover letter also mentioned that a researcher would 

phone to conduct a brief interview after the questionnaire was returned. If 

questionnaires were not received by one week following the mailing, participants were 

phoned and reminded about the questionnaire; and if necessary, this was repeated after 

two weeks. 

 

The candidate (DP) followed-up the returned questionnaires with a 5-10 minute phone 

call to each respondent to review his or her responses, in particular, with respect to the 

study’s definition of OA-related health care. Respondents were encouraged to define a 

GP or hospital visit as OA-related if it was a follow up for their hip or knee complaints, 

if a significant part of the visit was devoted to their hip or knee complaints, or if the 
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doctor renewed their OA-related prescriptions. OA-related medications were specified 

as a pre-defined list of analgesics, anti-ulcerants, and psychotropics in the 

questionnaire. Interview techniques including prompting, and relating health care 

consultations to a consequence, such as a prescriptions or referral, were used to 

improve recall (Bhandari and Wagner, 2006, Jordan et al., 2006). 

 

 Administrative databases 4.2.2

Covering the same three-month period as the questionnaire, DP collected data on each 

participant’s use of GP services, hospital services, and medication use from 

administrative databases. GP contacts, which included visits to the GP or practice nurse 

and any contact for a renewal of OA-related medications, were captured by: (1) 

performing electronic database queries in GP offices using the Medtech patient 

management system (Medtech Global Ltd); and (2) by manually searching medical 

records at 17 GP offices in the Dunedin metropolitan area. Patient co-payments were 

captured from the GP record. Three medical records from one additional GP office 

were obtained via a telephone interview with the GP. A query of the local hospital’s 

medical records captured data on each participant’s use of OA-related inpatient and 

outpatient services by the sole public provider, the Otago DHB. Data on all medical 

imaging services were captured from the EasyRIS database (Philips Medical Systems) 

operated by the Otago DHB. A query of the New Zealand Health Information Service 

(NZHIS) database captured data on dispensed medications funded by PHARMAC 

(New Zealand’s Pharmaceutical Management Agency). The same definition of OA-

related health care as expressed above was used to screen the administrative databases; 

likewise, only OA-related medications listed in the questionnaire were included in the 

NZHIS query. Medication costs, quantities dispensed, and expected patient 

contributions were captured from the NZHIS query. 

 

 Price weights 4.2.3
All costs in this study are reported in 2009 New Zealand dollars (NZD); the conversion 

rate to US dollars (US$) at 2009 purchasing power parity is $1 NZD=$0.63 US$. All 

costs are exclusive of government Goods and Services Tax (GST) in order to represent 

costs to society. Price weights reported in Table 4.1 were applied to the questionnaire 
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results. Participants were asked to report out-of-pocket costs for health care including 

GP contacts and pharmaceutical prescriptions to enable the assessment of agreement 

between the methods of reporting with respect to out-of-pocket costs. For simplicity, 

hereinafter all patient out-of-pocket costs are referred to as co-payments. The NZHIS 

query reported the government subsidy for each relevant medication and an expected 

co-payment. To generate an estimate of a comparable subsidy using the OCC-Q, self-

reported daily quantities of medications were extrapolated to three-month quantities, 

and then multiplied by the appropriate medication unit cost as reported in the New 

Zealand Pharmaceutical Schedule (Lagan and Scott, 2009). Consistent with prescribing 

of PHARMAC-funded medications in New Zealand, all prescriptions were assumed to 

provide three months’ supply except for Class B controlled drugs, which are prescribed 

for just one month (Lagan and Scott, 2009).  

 

 Item level missing values  4.2.4

Missing data were imputed using ICE (imputation using chained equations) in Stata 

version 11.1 (Stata, College Station, Tex., USA) (Royston, 2005) for each missing item 

of resource use versus total cost. ICE was chosen because it provides support for 

categorical missing values, using logistic regression for binary variables and 

multinomial or ordered logistic regression for categorical variables (Horton and 

Kleinman, 2007). 

 Data analysis  4.2.5

The agreement between the estimates of each participant’s health care use as captured 

by the OCC-Q and the administrative databases were measured. The administrative 

database records served as the gold standard to compute sensitivity and specificity. 

Sensitivity is the proportion of participants who reported health care use when the 

administrative database indicates that such services were used. Specificity is the 

proportion of participants who reported no health care use when the database record 

indicates that no services were used. Sensitivity and specificity were calculated to 

assess agreement for the dichotomous (yes/no) reporting of health care use with respect 

to GP contacts, individual medication categories, inpatient services, outpatient 

orthopaedic visits, outpatient rheumatology visits, and medical imaging procedures.  
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To assess the level of agreement between the reported quantities and costs of health 

care use, Lin’s concordance correlation coefficient (ρc) was used which measures 

agreement between two continuous variables taking into account systematic bias (Lin, 

1989). Ranging between 1 (perfect agreement) and -1 (perfect inverse agreement), ρc 

represents the extent to which the compared data deviate significantly from perfect 

concordance (Mirandola et al., 1999). A significant advantage for the analysis is that ρc 

can be applied to cost data because it is asymptotically normal for data from non-

normal distributions, including uniform and Poisson distributions (Lin, 1989). In 

addition, Lin’s CCC is robust to small sample sizes (Lin, 1989, Mirandola et al., 1999). 

Values for ρc were interpreted according to these levels of agreement: ‘poor’ = 0.00-

0.40, ‘fair’ = 0.40-0.59, ‘good’ = 0.60-0.74 and ‘excellent’ = 0.75-1.00 (Cicchetti, 

2001). A threshold of ρc = 0.40 was used to determine whether levels of agreement had 

clinical/practical significance (Cicchetti, 2001). Although commonly used, Bland and 

Altman critique the use of all correlational coefficients, including Lin’s concordance 

correlation coefficient, in the measurement of agreement because a change in the scale 

of measurement will not impact correlation, but it will affect agreement (Bland and 

Altman, 1986). In addition, correlational statistics are sensitive to sample heterogeneity 

producing high correlations in varied samples and varied samples are very common in 

method comparison studies (Atkinson and Neville, 1997). In light of these limitations, 

mean differences were also reported; 95% confidence intervals and 95% limits of 

agreement were reported to assess systematic bias and to identify random variation 

between individual measurements respectively (Bland and Altman, 1986, Kirkwood 

and Sterne, 2003). Bland-Altman plots are reported which plot the difference between 

the methods against their mean. Health service use and cost were represented by dots 

and the size of the dot corresponds to the number of individuals for whom the same 

mean and difference from the mean is reported. 
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Table 4.1 Price weights for the estimation of costs* 

Cost items Price weight Source 

GP visits 

Prescription 

$62 

$12 

Average private fee from 10 
Dunedin (New Zealand) GP offices 

Medications 

Analgesics 

Anti-ulcerants 

Psychotropics 

Price weight based on 
medication dosage and 
number of 
tablets/capsules issued 

New Zealand Pharmaceutical 
Schedule 

 

Hospital costs 

Inpatient services $3,983.33 multiplied by 
inpatient service case 
weights 

New Zealand’s case-mix 
framework for publically funded 
hospitals for fiscal year 2008/09: 
WIESNZ08 

Emergency visits 

Outpatient orthopaedic 
visits 

Rheumatologist visits 

$322 

$158 

$210 

Hospital’s volume schedule from 
funder 

 

Medical imaging $55 multiplied by relative 
value unit of procedure 

Imaging contract between the 
Accident Compensation 
Corporation and the hospital 

*All monetary values are in 2009 New Zealand dollars (NZD); the conversion rate to US 
dollars (US$) at 2009 purchasing power parity is $1 NZD = $0.63 US$.  

 

With respect to missing data, 5 datasets were imputed to reflect the uncertainty 

surrounding the imputed values. Where mean estimates were reported, the estimate of 

the mean was calculated across the 5 imputed datasets. The ρc, Bland-Altman 

comparisons, and 95% limits of agreement were performed using each imputed dataset. 

The results of all comparisons fell within the confidence intervals calculated using the 

other four imputed datasets; therefore the estimates were reported using the first 

imputed dataset only. Stata version 11.1 was used for data analysis. 

 

4.3 Results 
Fifty of the first 56 participants in the MOA trial who were invited to participate in the 

present study agreed (response rate = 89%). Their average age was 70.0 years (SD±7.9 
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years), 97% identified themselves as being of New Zealand European ethnicity, 58% 

were female, 62% had a primary complaint of knee OA (38% primary hip OA), 68% 

had hip or knee symptoms for 3 years or more, and 68% had at least one comorbidity. 

Table 4.2 reports the summary statistics including inter-quartile range and mean for 

cost comparisons. The patient interview took an average of 8 minutes. Only 1.6% of 

the data were missing.  

 

Table 4.2 Summary statistics of cost comparisons between the OCC-Q and the 
administrative database results* 

 Minimum 0.25 Median Mean 0.75 Maximum 

General practitioner costs        

OCC-Q  0 62 62 80.08 124 248 

General practitioner database  0 62 62 71.80 86 310 

Medication costs        

OCC-Q†  0 9.91 26.51 34.30 48.94 210.12 

New Zealand Health Information 
System  0 3.22 21.22 36.79 50.8 305.14 

Hospital costs        

OCC-Q  0 0 37.74 393.53 233 14,599.83 

Otago District Health Board query  0 0 0 376.87 157.52 14,599.83 

Total costs        

OCC-Q†  0 88.49 219.99 516.52 326.63 15,141.16 

Databases  0 72.59 144.78 485.46 243.40 15,029.33 

*All monetary values are in 2009 New Zealand dollars (NZD); the conversion rate to US 
dollars (US$) at 2009 purchasing power parity is $1 NZD = $0.63 US$.  
Abbreviations: OCC-Q, Osteoarthritis Cost and Consequences Questionnaire. 
† The first imputed dataset was used for descriptive statistics 
 

 Validity 4.3.1

4.3.1.1 Agreement for dichotomous reporting 

As reported in Table 4.3, agreement for the dichotomous reporting of health care use 

varied. Generally, a trade off was apparent between values for sensitivity and 

specificity. The self-reporting of GP contacts, paracetamol, NSAIDs, and rheumatology 

had higher levels of sensitivity (93%-100%) than specificity (63%-100%). The self-

reporting of opiates, paracetamol and opiate-combination medications, anti-ulcerants 

and medical imaging had higher specificity (93%-100%) than sensitivity (44%-80%). 
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4.3.1.2 Agreement for quantity reporting 

Only GP contacts and medications were recorded in sufficient quantities for their 

quantity data to be analysed using Lin’s ρc and Bland-Altman comparisons. Figures 4.1 

and 4.2 and Tables 4.3 and 4.4 show that participants recounted fewer GP contacts and 

more medications using the OCC-Q; however, the mean differences between 

assessment methods were small: 0.06 and -0.22 respectively. Concordance levels were 

fair ρc=0.41 (0.19, 0.64) for the number of GP contacts and good ρc=0.63 (0.42, 0.78) 

for the number of medications reported.  

 

 

 
Figure 4.1 Bland-Altman plot comparing GP reported and self-reported GP visits 

 
Figure 4.2 Bland-Altman plot comparing OCC-Q- and NZHIS-reported medication use.   
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Table 4.3 Cross tables, sensitivity, and specificity for the number of participants using 
health care as self-reported and from administrative databases 

Health care    Sensitivity  

%* (95% CI) 

Specificity 

% (95% CI) 

General practitioner      

GP contacts  YES (PT) NO (PT)   

 YES (DB)   39 3 93 (81-99) 63 (25-92) 

 NO (DB) 3 5   

Medications      

Paracetamol  YES (PT) NO (PT)   

 YES (DB) 23 0 100 (85-100) 59 (39-78) 

 NO (DB) 11 16   

Opiates  YES (PT) NO (PT)   

 YES (DB) 4 5 44 (14-79) 93 (80-99) 

 NO (DB) 3 38   

Paracetamol & 
opiates† 

 YES (PT) NO (PT)   

YES (DB) 4 5 44 (14-79) 93 (80-99) 

 NO (DB) 3 38   

NSAIDs  YES (PT) NO (PT)   

 YES (DB) 17 1 94 (73-100) 84 (67-95) 

 NO (DB) 5 27   

Pantoprazole  YES (PT) NO (PT)   

 YES (DB) 2 1 67 (9-99) 100 (93-100) 

 NO (DB) 0 47   

Omeprazole  YES (PT) NO (PT)   

 YES (DB) 12 3 80 (52-96) 91 (77-98) 

 NO (DB) 3 32   

Amitriptyline  YES (PT) NO (PT)   

 YES (DB) 2 1 67 (9-99) 98 (89-100) 

 NO (DB) 1 46   

Hospital services      

Emergency visits  YES (PT) NO (PT)   

 YES (DB) 2 0 100 (16-100) 100 (93-100) 

 NO (DB) 0 48   

OA-related inpatient 
events  

 YES (PT) NO (PT)   

YES (DB) 2 0 100 (3-100) 100 (93-100) 
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 NO (DB) 0 48   

      

Orthopaedics   YES (PT) NO (PT)   

YES (DB) 7 3 70 (35-93)  85 (70-94) 

 NO (DB) 6 34   

Rheumatology   YES (PT) NO (PT)   

YES (DB) 2 0 100 (16-100) 98 (89-99) 

 NO (DB) 1 47   

Medical imaging 
services‡  

 YES (PT) NO (PT)   

YES (DB) 10 4 71 (42-92) 81 (64-92) 

 NO (DB) 7 29   

      
* rounded to the nearest percentage point 
†Combination drug 
‡n=48 
Abbreviations: GP, general practitioner; DB, database; PT, patient; Opiates=codeine, DHC 
continus; NSAIDs, non-steroidal anti-inflammatory drug = diclofenac, voltaren, ibuprofen, 
naproxen 
 

 

 

Table 4.4 Agreement between the OCC-Q and the databases for the reported quantity of 
health care used 

 OCC-Q 
Mean ± SD 

Databases 
Mean ± SD 

ρc* Mean 
difference 
(95% CI)† 

95% limits of 
agreement 

GP contacts 1.3 ± 1.0 1.4 ± 1.2 0.41 (0.19, 0.64) 0.06 (-0.3, 0.4) -2.34 to 2.46 

Total number of 
medications 

1.8 ± 1.2 1.6 ± 1.2 0.63 (0.42, 0.78) -0.22 (-0.5, 0.07) -2.25 to 1.80 

*ρc = Lin’s concordance correlation coefficient 
†95% CI assumes a normal distribution 
Abbreviations: OCC-Q, Osteoarthritis Cost and Consequences Questionnaire; GP, general 
practitioner; SD, standard deviation; CI, confidence interval 
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4.3.1.1 Agreement for reporting of costs 

Table 4.5 and Figures 4.3 and 4.4 compare cost estimates derived from the OCC-Q 

with those reported by administrative databases. Cost estimates for GP services and the 

majority of medication subsidies exhibited acceptable levels of agreement (ρc≥0.40). 

Only two participants reported Pantoprazole use using the questionnaire and a third was 

reported by NZHIS, with 98% agreement for subsidy costs. The majority of co-

payments for medications showed poor agreement (ρc<0.40), as did total medication 

costs.  

 

A.  

B.  

Figure 4.3 Bland-Altman plot comparing OCC-Q generated medication costs with NZHIS 
reported medication costs with whole sample (A) and with the large outlier removed (B) 



	  

 
 

118	  

Total medication costs exhibited acceptable levels of agreement (ρc≥0.40) when the 

single individual with over $300 in Losec in a 3-month period was removed. 

Medication costs showed greater variability as costs increased irrespective of whether 

the outlier was included in the dataset (Figure 4.3) All hospital services resulted in 

acceptable agreement except for orthopaedics, ρc= 0.32 (0.06, 0.57) and medical 

imaging ρc= 0.49 (0.27, 0.70). In Table 4.5 and Figure 4.4, total hospital costs and total 

health care costs show agreement (ρc>0.40).  

 

 

 A.  

B.  
Figure 4.4 Bland-Altman plot comparing OCC-Q generated total costs with those 
reported by administrative databases (A) and total costs minus inpatient costs (B). 
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Table 4.5 Costs generated by method of reporting: agreement between the OCC-Q questionnaire and administrative databases*† 

 
OCC-Q ($) 
Mean ± SD 

Databases ($) 
Mean ± SD ρc‡ 

Mean difference ($) 
(95% CI)§  

95% limits of 
agreement ($)|| 

GP services      
Co-payments 37.59 ± $29.46 $29.62 ± $29.53 0.50 (0.29, 0.70) -7.97 (-16.39, 0.46) -67.28 to 51.35 
Societal cost  79.84 ± $60.84 $67.08 ± $61.38 0.53 (0.33, 0.73) -14.24 (-30.92, 2.44) -131.63 to 103.15 

Medications     
Subsidy      
Paracetamol  
n=49 

 
2.96 ± 2.90 

 
3.57 ± 6.36 

 
0.36 (0.18, 0.53) 

 
0.60 (-1.00, 2.21) 

 
-10.58 to 11.78 

Imputed 3.02 ± 2.93 3.50 ± 6.32 0.36 (0.19, 0.53) 0.58 (-1.02, 2.13) -10.53 to 11.64  
Opiates 1.89 ± 6.36 3.83 ± 11.54 0.65 (0.53, 0.76) 1.94 (-0.24, 4.13,) -13.45 to 17.33  
Paracetamol & opiates 3.20 ± 7.16 2.84 ± 7.50 0.81 (0.71, 0.91) -0.36 (-1.66, 0.93) -9.48 to 8.75 
NSAID  
n=45 

 
4.12 ± 7.05 

 
3.66 ± 7.45 

 
0.88 (0.81, 0.95) 

 
-0.44 (-1.52, 0.64) 

 
-7.63 to 6.74 

Imputed 4.74 ± 7.60 3.59 ± 7.11 0.79 (0.68, 0.89) -1.10 (-2.42, 0.22) -10.40 to 8.19 
Omeprazole 
n=45 

 
2.89 ± 6.34 

 
17.30 ± 50.56 

 
0.14 (0.08, 0.20) 

 
14.41 (0.30, 28.51) 

 
-77.62 to 106.44 

Imputed  3.56 ± 6.35 19.03 ± 49.32 0.14 (0.08, 0.19) 15.45 (2.42, 28.48) -76.24 to 107.15 
Amitriptyline  0.45 ± 1.72 0.30 ± 1.27 0.23 (-0.03, 0.48) -0.15 (-0.68, 0.36) -3.91 to 3.61 

Co-payment     
Paracetamol 
n=40 

 
5.08 ± 16.52 

 
0.83 ± 1.36 

 
-0.01 (-0.06, 0.04) 

 
-4.25 (-9.57, 1.07) 

 
-36.79 to 28.59 

Imputed  8.88 ± 36.86 0.66 ± 1.26 -0.01 (-0.03, 0.01) -12.34 (-22.55, -2.13) -84.19 to 59.51 
Opiates  0.30 ± 0.91 0.40 ± 1.18 0.72 (0.59, 0.84) 0.10 (-1.24, 0.32) -1.48 to 1.68 
Paracetamol & opiates¶ 1.39 ± 4.05 0.48 ± 1.85 0.17 (-0.03, 0.37) -0.91 (-2.06, 0.24) -9.00 to 7.18 
NSAID  
n=44 

 
1.23 ± 4.98 

 
0.93 ± 1.66 

 
0.15 (-0.02, 0.32) 

 
-0.30 (-1.77, 1.18) 

 
-9.76 to 9.21 

Imputed 1.18 ± 4.68 0.88 ± 1.61 0.15 (-0.02, 0.32) -0.28 (-1.58, 1.02) -9.41 to 8.85 
Omeprazole         
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*All monetary values are in 2009 New Zealand dollars (NZD), with a conversion rate to US dollars (US$) at 2009 purchasing power parity of $1 NZD = 
$0.63 US$, total costs were calculated using Pantoprazole but Pantoprazole was not reported in this table due to low resource use. 
†OCC-Q datasets are complete (n=50) unless indicated otherwise (Database records have no missing values), n<50 = complete case analysis for OCC-Q with 
the same cases dropped from the Database, Imputed n=50 indicates the mean ± SD for OCC-Q values are estimated from 5 imputed datasets combined; ρc, 
mean difference 95% CI, and 95% limits of agreement are estimated using the first imputed dataset 
‡ρc = Lin’s concordance correlation coefficient  
§95% CI assumes a normal distribution 
||95% limits of agreement 
¶Combination product 
Abbreviations: OCC-Q, Osteoarthritis Cost and Consequences Questionnaire; GP, general practitioner; SD, standard deviation; CI, confidence interval; 
NSAID, nonsteroidal anti-inflammatory drug: diclofenac, voltaren, ibuprofen, naproxen; Opiates: codeine, DHC continus 

n=44 0.82 ± 2.45 0.47 ± 1.11 0.18 (-0.04, 0.39) -0.34 (-1.08, 0.40) -5.22 to 4.54 
Imputed  1.06 ± 3.31 0.42 ± 1.05 0.14 (-0.05, 0.34) -0.54 (-1.22, 0.14) -5.34 to 4.26 

Amitriptyline  0.18 ± 0.72 0.06 ± 0.42 -0.03 (-0.27, 0.21) -0.12 (-0.36, 0.12) -1.81 to 1.58 
Total medication cost      

n=31 24.36 ± 25.04 41.00 ± 59.76 0.14 (-0.09, 0.38) -16.63 (-38.49, 5.23) -135.82 to 102.56 
Imputed 30.40 ± 39.83 36.79 ± 52.90 0.15 (-0.11, 0.41) 5.70 (-11.51, 22.91) -115.41 to 126.81 

Hospital-based services      
Emergency visits 13.36 ± 66.11 13.36 ± 66.11 1.00 (1.00, 1.00) 0.00 (0.00, 0.00) 0.00 to 0.00 
Inpatient events  292.00 ± 2064.73 292.00 ± 2064.73 1.00 (1.00, 1.00) 0.00 (0.00, 0.00) 0.00 to 0.00 
Orthopaedics 50.41 ± 80.76 37.80 ± 81.51 0.32 (0.06, 0.57) -9.45 (-35.68, 16.78)  -194.03 to 175.13  
Rheumatology 16.76 ± 71.33 12.57 ± 65.71 0.70 (0.57, 0.83) -4.19 (-12.61, 4.23)  -63.45 to 55.07  
Medical imaging, n=48 24.15 ± 35.57 21.13 ± 34.23 0.49 (0.27, 0.70) -3.02 (-12.67, 6.63) -70.94 to 64.90 
Total hospital costs 393.53 ± 2054.51 376.87 ± 2057.66 0.998 (0.997, 0.999) -16.66 (-48.01, 14.68) -237.25 to 203.93 
Total health care cost      

n=31 209.27 ± 167.95 192.51 ± 183.74 0.61 (0.38, 0.83) -16.75 (-73.84, 40.33) -328.01 to 294.51 
Imputed 513.20 ± 2132.22 485.46 ± 2105.69 0.997 (0.996-0.999) -34.05 (-76.65, 8.55) -333.83 to 265.73 
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 Research costs 4.3.1
Table 4.6 summarises the research costs incurred for each data-collection method. The 

cost of the questionnaire-based method was less than one-third of the cost of extracting 

the same data from administrative databases, enabling a potential savings of $1,940 

NZD for the sample. 

 

Table 4.6 Incremental research costs associated with the methods used to collect health 
care use and cost data* 

 

 
OCC-Q 

 
 
 
$ 

 
GP 

records 
 
 
$ 

 
Hospital 
database 

 
 
$ 

 
Medical 
imaging 
records 

 
$ 

 
New Zealand 

Health 
Information 

System 
$ 

 
Combined 
databases 

 
 

$ 
Materials (×50) 
13 page questionnaire 
Cover letter 
1 legal envelope 
1 letter envelope 
Return postage 

170.04 0 0 0 0 0 

Printing, assembling, 
mailing (time)† 

83.60 0 0 0 0 0 

Telephone follow up†  42.85 0 1.67 1.67 3.55 6.89 
Emails†  0 0 1.67 1.67 1.67 5.01 
Query design  0 0 784.58‡ 150.47‡ 141.22‡ 1076.27 
Data collection (patient 
level)  

217.78† 262.09† 232.73§ 135.23§ 0 630.05 

Questionnaire 
scanning† 

51.21 0 0 0 0 0 

Data normalisation†  334.40 250.80 125.4 41.80 167.20 585.20 
Travel reimbursement 0 176.80¶ 0 0 0 176.80 
Query building/ 
reporting fee 

0 160.00 0 0 200.00 360.00 

Total cost 899.88 849.69 1146.01 330.84 513.64 2840.22 
*All monetary values are in 2009 New Zealand dollars (NZD); the conversion rate to US 
dollars (US$) at 2009 purchasing power parity is $1 NZD = $0.63 US$ 
Abbreviations: OCC-Q, Osteoarthritis Cost and Consequences Questionnaire; GP, general 
practitioner 
†Time valued at research assistant hourly rate of $20.90 
‡Hospital database query design  
§Hospital database: 7 hours of computer analyst time ($32.50), 0.25 hours research assistant 
time ($20.90), radiology database: 4 hours computer analyst time, 0.25 hours research assistant 
time 
¶Travel reimbursement was $0.85/km  
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4.4 Discussion 
Using a patient-completed questionnaire was a feasible and valid method of capturing 

health care use and costs for patients with OA compared with accessing administrative 

databases. First, with respect to the questionnaire’s feasibility and research costs, 

response rates were high (89%); though a minority of participants needed up to two 

telephone calls in order to return the questionnaire. Item level missing data were 

minimal (1.6%) and research costs were considerably lower than relying on 

administrative databases.  

 

A review by Verbrugge (Verbrugge, 1980) showed a range of 7-33% of item level 

missing data for diaries. This metric was not reported by Goossens et al (Goossens et 

al., 2000); however, they reported that only 68% of diaries were returned. As for 

previous studies (Goossens et al., 2000, Petrou S, 2002, Raina et al., 2002, Ritter et al., 

2001, Ruof et al., 2004), high levels of agreement were found between the data-

collection methods for salient, high cost health services such as hospitalisations and 

emergency visits. Participants more accurately reported their non-use (specificity) than 

use of health care (sensitivity). This likely reflects the three-month time horizon, which 

for most participants resulted in a relatively low use of health care.  

 

Sensitivity levels were higher than specificity levels for GP contacts, paracetamol, and 

NSAIDs (Table 4.2). For many less frequently used services 95% confidence intervals 

were wide. The lower specificity levels for GP contacts may be the result of recall bias. 

Given the short timeframe of the study, it is unlikely this discrepancy reflects 

participants forgetting their visits. Rather, it may be the result of ‘telescoping’ (or 

‘reverse telescoping’) which occurs when a person includes (or ‘telescopes’) health 

care used outside of the study time period, or when health care from within the study 

time period is ‘reverse telescoped’ out (Bhandari and Wagner, 2006). Telescoping does 

not result in a consistent bias (Bhandari and Wagner, 2006). The lower specificity of 

paracetamol and NSAIDs may be associated with the lower actual use of these 

medications (often taken on an ‘as needed’ basis) than as prescribed. In other words, a 

participant may have accurately reported actual use of a medication, but because this 

was less than prescribed, no new prescription was required within the three-month time 

horizon.  
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The only quantity data able to be analysed was for GP visits and the number of 

medications used. Utilisation was too low to assess quantity data for the other health 

care included in the study. Levels of agreement between the assessment methods were 

acceptable (ρc >0.40) for the number of GP visits and total number of medications used, 

but confidence intervals were wide. Cost estimates were also compared using Lin’s 

concordance correlation coefficient (ρc) and Bland-Altman comparisons. The clinically 

significant agreement of GP visit-related societal costs and co-payments, ρc=0.53 (0.29, 

0.70) and ρc=0.50 (0.33, 0.73) respectively cannot be stated with 95% confidence. For 

the majority of medication subsidies, the cost estimates from the OCC-Q and NZHIS 

agreed. The questionnaire underestimated paracetamol subsidy by an average of $0.58 

per person (2009 NZD) and overestimated patient co-payment by $12.34 per person. 

This may be the result of some participants being prescribed the medication by their GP 

but, instead of filling the prescription at a pharmacy, they chose to purchase the 

medication over-the-counter.  

 

The self-reporting of omeprazole subsidy disagreed with the NZHIS results ρc =0.14 

(0.08, 0.19) despite dichotomous reporting of omeprazole use corresponding to 

sensitivity and specificity levels of 80% (53-96%) and 91% (77-98%) respectively. 

This discrepancy appeared to be related to the reimbursement of a more expensive 

brand-named drug, Losec, in the NZHIS record. The reimbursement of Losec was not 

accounted for in the questionnaire-based estimates because it was not included in the 

pharmaceutical schedule. It is not completely understood why Losec was reimbursed 

by the government agency (PHARMAC) despite it not being on the pharmaceutical 

schedule. Perhaps it was the result of a rebate agreement with the manufacturer or a 

purchase by the Otago DHB. The removal of omeprazole from the total medication cost 

increased the concordance correlation coefficient to levels well beyond the threshold of 

clinical/practical agreement for the complete case ρc=0.65 (0.51, 0.80) and the removal 

of the participant with a $300 discrepancy in Losec costs brought agreement of total 

medication cost into acceptable levels (ρc >0.40). This illustrates the importance of 

knowing which unit costs to use when estimating costs. It also shows how reasonable 

attempts at using the appropriate unit cost may not capture costs that are not reported in 

the public domain.  

 



	  

 
 

124	  

For most medications, there were poor agreements for co-payments, though mean 

differences were low (<$4.26 for all but paracetamol). This was likely due to a 

combination of participants not accurately recalling their co-payments and errors in the 

expected contribution reported by NZHIS. This was a particularly difficult task for 

participants because they often combined store purchases with medication co-payments 

when at the pharmacy. For this reason, analysts should use caution when capturing co-

payments for particular cost items. An understanding of the environment in which co-

payments are made is important. For example, an option other than self-report may be 

required for studies set in countries where medication co-payments take place in a 

pharmacy where purchases unrelated to health care can be made. If available, options 

such as average medication co-payments may be applied. However, considering the 

low impact of the co-payment on the cost of total health care use, it may not be 

worthwhile investing a large amount of analyst resources to increase the accuracy of 

this particular cost (Drummond et al., 2005b). 

 

The study results compare favourably with other studies that assessed agreement 

between patient report and administrative records (Raina et al., 2002, Patel et al., 2005, 

Ruof et al., 2004). The results of two studies that reported data in cross tables enabled a 

calculation of sensitivity and specificity from their findings (Appendix A3.6). Data 

reported by Ruof et al indicated excellent sensitivity for physician visits (100%) (Ruof 

et al., 2004). This physician visit category was a general measure that included GPs and 

specialists. Ruof et al grouped physicians to increase agreement; however, applying 

costs to such a general measure would be difficult. Disaggregated physician visits were 

not included in the cross tables but the authors indicated that kappa values were <0.2 

(poor agreement) for all physician categories (Ruof et al., 2004). With respect to GP 

visits, data reported by Raiana et al indicated sensitivity levels (95%) similar to this 

study (93%), but lower specificity levels (20%) suggesting that participants in their 

study were less able to accurately recall a non-attendance than those in this study 

(Raina et al., 2002). These results were stronger for the quantity of GP visits reported 

when compared with Raiana et al (intra-class correlation coefficient of 0.34), though 

their population had a greater proportion of demographic factors associated with poorer 

agreement (Raina et al., 2002). Ruof et al reported high sensitivity levels (>90%) for 

the majority of medications assessed (Ruof et al., 2004). This was higher than for the 

present study, which may have been due to differences in the populations studied. Ruof 
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et al studied patients with rheumatoid arthritis, who typically receive intensive, 

medication-based treatment that slows disease progression (Lanes et al., 1997). The 

primary use of medication as a disease-modifying treatment may increase a patient’s 

ability to recall use of that particular health care item (Bhandari and Wagner, 2006). 

 

Two characteristics of the present study may have increased the complexity of the data 

collection and analysis. The first is the use of an imperfect gold standard. 

Administrative databases have been shown to have errors (Jordan et al., 2006, Orrico, 

2008). Having an imperfect gold standard complicates the assessment of accuracy, 

often resulting in an upward or downward bias of the accuracy estimate (Reitsma et al., 

2009). Reitsma et al review methods to correct the gold standard which include 

adjusting it by percentages of error that are found in the literature or that may be 

considered plausible (Reitsma et al., 2009). However, little evidence exists to guide the 

correction of cost data from administrative databases. An example from this study 

illustrates imperfection of the gold standard with respect to the reporting of OA-related 

inpatient services. One total knee replacement was recorded on the patient 

questionnaire, but not in the administrative database. When manually searching the 

hospital records for this participant, operative notes were found indicating that a knee 

replacement had indeed been performed during the study period. In addition to 

decreasing the estimate of accuracy for the reporting of OA-related inpatient events, the 

removal of this procedure from total costs of health care services would have 

substantially affected the results.  

 

The second characteristic that may have complicated data collection was the use of 

OA-related costs. There is a possibility that patients and researchers do not agree on 

what ‘OA-related’ means. The potential for this discrepancy was minimised by using 

firm definitions for determining which services constitute OA-related health care. 

Though firm definitions for OA-related health care were used, medicine is 

multifactorial and there is little evidence supporting the use of definitions to identify 

what is and is not disease-related (Glick et al., 2007). The decision to use OA-related 

costs was made in order to reduce variability of the cost estimates by limiting costs to 

those related to OA. The results of this study may give researchers who are interested 

in analyses of ‘OA-related’ disease support in the application of a definition that 
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resulted in high levels of agreement between patients filling out a questionnaire and 

researchers applying the definition against administrative data (Reitsma et al., 2009). 

 

The present study has several limitations. First, the study has a small sample size. An 

important consequence of the small sample size was decreased precision as evidenced 

from the wide confidence intervals for sensitivity values in Table 2 and ρc values in 

Table 4.5. Descriptive results were reported so that the results are interpretable within 

the context of the sample, and cross tables were provided to enable comparisons with 

current and future studies. Second, not all participants were screened with a cognitive 

assessment in order to decide who should be allowed to participate in the self-reporting 

exercise. Some participants may have been allowed to participate in the study who 

should have been excluded. For example, the Mini-Mental State Exam could have been 

used in individuals under 70 year in order to identify limitations in reasoning which 

may be a factor in understanding the question being asked, and in individuals over 70 

years in order to identify poor memory ability (Soubelet and Salthouse, 2011). Use of a 

screening tool prior to completion of a questionnaire is not common therefore little is 

known about potential direction of bias (Bhandari and Wagner, 2006). In their review 

of self-reported utilisation assessment methods, Bhandari and Wagner report the most 

consistent demographic factor associated with inaccuracy is related to older age 

(Bhandari and Wagner, 2006). Older age was most commonly associated with under-

reporting of health service use (Bhandari and Wagner, 2006). Third, the reduced 

research costs found when using the OCC-Q may have been related to the small sample 

size. Fixed versus variable costs differ between the analytic approaches used in the 

study. Many of the databases had larger fixed costs and smaller variable costs when 

compared with the questionnaire. For example, if the sample size increased to 150 

participants, time spent on the phone would have been unchanged for the databases but 

would have nearly tripled for the questionnaire-based approach. It is possible, given a 

significantly larger sample size, that the research costs would be higher for use of the 

OCC-Q than for the databases. Fourth, important cost items such as patients’ work-

related productivity losses, community-based allied health visits, and informal care 

were not included. These cost items were not included in the present study because 

they were unavailable by administrative databases.  
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4.5 Conclusions 
The identification and valuation of health care use is a necessary component in 

economic evaluations. This study reports on a patient-completed questionnaire that 

demonstrates adequate accuracy and feasibility for capturing health care use and costs, 

and is inexpensive compared with obtaining this information from administrative 

databases. However, due to a small sample size many estimates of agreement had wide 

confidence intervals. Patient-reported co-payments may be inaccurate for some cost 

items.    
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Chapter	  5 Economic	  evaluation	  within	  a	  factorial-‐

design	  randomised	  controlled	  trial	  of	  exercise,	  manual	  

therapy,	  or	  both	  interventions	  for	  osteoarthritis	  of	  the	  

hip	  or	  knee:	  Study	  protocol	  

This chapter has been published in the journal BMJ Open (Pinto et al., 2011a). 

 

5.1 Introduction 
From a public health viewpoint, hip and knee OA are considered to be the most 

important musculoskeletal disorders based on their prevalence and associated disability 

(Bijlsma and Knahr, 2007, Dawson et al., 2004). In New Zealand, 14.8% of adults are 

diagnosed with arthritis (MoH, 2008), and OA is the sixth largest burden of disability 

(Tobias, 2001). Primary total hip and total knee arthroplasties increased in New 

Zealand by 14% and 27% respectively between 2004 and 2008 (NZOA, 2009). Public 

hospital inpatient costs related to hip and knee OA were estimated to be NZ$63.8 

million in 2005. Direct health sector costs for 2005 were 0.39% of GDP and indirect 

costs were estimated to be up to three times this amount (Access Economics, 2005). As 

New Zealand’s population ages these estimates are expected to rise (StatisticsNZ, 

2004). 

 

With the aim of addressing the rising burden of hip and knee OA, treatment strategies 

and guidelines have been developed (NICE, 2008, Akesson and Woolf, 2007, Zhang et 

al., 2005, Zhang et al., 2008). Although joint replacement surgeries are considered to 

be good value for money (Chang et al., 1996, Losina et al., 2009), they are usually only 

recommended after more conservative treatments have been exhausted (NICE, 2008, 

Zhang et al., 2008). Also, due to the risk of complications, alternatives to 

pharmacologic treatment are sometimes preferred (Ratcliffe et al., 2004). Non-

pharmacologic, non-surgical treatments such as aerobic and strengthening exercises are 

included in current guidelines as primary treatments; however, the best means of 

delivering these exercises has not been specified (NICE, 2008, Zhang et al., 2005, 

Zhang et al., 2008). Promising, but limited, evidence has emerged for the effectiveness 

of other non-pharmacologic, non-surgical treatments such as manual physiotherapy. 
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For patients with hip OA, manual physiotherapy has been shown to be superior to a 

comprehensive exercise programme (Hoeksma et al., 2004). For patients with knee 

OA, the combination of manual therapy and exercise achieved superior results when 

compared with a placebo control (Deyle et al., 2000) and a home exercise programme 

(Deyle et al., 2005).   

 

The Management of OsteoArthritis (MOA) Trial was designed as a 2×2 factorial 

randomised controlled trial (RCT) investigating the effectiveness and cost effectiveness 

of both a multi-modal, individualised, supervised exercise therapy programme, and an 

individualised manual therapy programme, compared with usual health care alone for 

the management of pain and disability in adults with hip or knee OA (Abbott et al., 

2009). The purpose of this paper is to describe the methods for the economic evaluation 

conducted in conjunction with the MOA Trial. A detailed description of the MOA Trial 

and methods for the clinical evaluations are reported elsewhere (Abbott et al., 2009). 

 

5.2 Methods and analysis 

 Study question 5.2.1
From the viewpoint of (a) society and (b) the New Zealand health system, is a 

programme of exercise therapy or manual physiotherapy, or a combination of the two, 

in addition to usual care, cost effective compared with usual care alone in the treatment 

of hip or knee OA? 

 Participants 5.2.2

All MOA Trial participants will be included in this analysis. All participants had OA of 

the hip or knee as defined by the American College of Rheumatology criteria (Altman 

et al., 1986a, Altman et al., 1991). Participants were recruited at the Dunedin Hospital 

Orthopaedic Clinic and from GP clinics in the local metropolitan area. Research nurses 

screened potential participants by reviewing patients’ charts and interviewing them by 

telephone. Participants were included in the trial if they met clinical criteria for hip or 

knee OA according to the American College of Rheumatology (Altman et al., 1986a, 

Altman et al., 1991). They were excluded if they had any of the following: a joint 

replacement in the affected joint; any surgical procedure of the lower limbs in the 

previous 6 months; rheumatoid arthritis; initiation of an opiate analgesic, corticosteroid, 



	  

 
 

130	  

or analgesic injection within the previous 30 days; uncontrolled hypertension or 

moderate-to-high risk of cardiac complications during exercise; other physical 

impairments precluding safe participation in the trial; an inability to comprehend 

instructions; and an inability to complete the trial (Abbott et al., 2009).They gave 

signed, informed consent before baseline assessments were undertaken.  

 Trial features 5.2.3

The 2×2 factorial design was chosen as a means to efficiently evaluate more than one 

intervention in a single trial (Abbott et al., 2009, Montgomery et al., 2003), see Figure 

5.1. 

                      Manual Therapy (MT) 

Exercise 

Therapy (EX) 

 No MT MT Totals 

No EX Usual care only 

(n=56) 

MT  

(n=56) 

112 

EX EX  

(n=56) 

EX + MT 

(n=56) 

112 

Totals 112 112 224 

Figure 5.1 2×2 factorial design of MOA Trial 

Adapted from Abbott and colleagues (Abbott et al., 2009)  
 

5.2.3.1 Radomisation 

Randomisation was performed using TENALEA, an online, central randomisation 

service, currently in deployment phase with a grant from the e-TEN programme of the 

European Union (LSHC-CT-510736) (Abbott et al., 2009). This service generates and 

holds the randomization schedule. Allocation concealment was ensured because 

randomisation code was held by the service until the patient has been recruited into the 

trial. This took place after all baseline measurements were completed. Randomisation 

was stratified by condition (hip or knee). Within each stratum, participants were 

randomised to one of the four intervention groups using block allocation. The block 

size was subject to random variation (Abbott et al., 2009). 
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5.2.3.2 Blinding 

Outcome assessors and referring providers were blind to group allocation, and were not 

involved in providing the interventions. Physiotherapists providing the treatment and 

participants receiving the treatment were not blinded to the treatment, although the 

patient was not told the physiotherapy group (manual, exercise, or combined therapy) 

to which they were randomised (Abbott et al., 2009). 
 

 Description of interventions  5.2.4

The interventions in the MOA Trial were delivered in addition to usual care. 

Specifically, all participants continued to receive their usual care at the Dunedin 

Hospital Orthopaedic Clinic, by consultant orthopaedic surgeons blind to group 

allocation. Participation in the trial did not affect patients' prioritisation for, or access 

to, joint replacement surgery (Abbott et al., 2009). For participants randomised into a 

treatment group, a physiotherapist delivers the interventions as individualised 

treatments during nine one-hour clinic visits: seven in the initial nine weeks of the trial 

and two 'booster' sessions at week 16. The treatments include exercise therapy, manual 

physiotherapy and a combination of these two interventions (Abbott et al., 2009).  

 

Exercise therapy (EX) consisted of a multi-modal programme of warm up/aerobic, 

muscle strengthening, muscle stretching, and neuromuscular control exercises (Abbott 

et al., 2009). A limited list of additional exercises were available to treating 

physiotherapists for exercises to be individualised to patients based on the findings of 

physical examinations (Abbott et al., 2009).  

 

Manual therapy (MT) is defined as the delivery of manually-applied forces through 

procedures intended to modify the quality and range of motion of the target joint and 

surrounding soft tissues (Abbott et al., 2009). The primary manual therapy procedures 

were prescribed from the intervention protocol and a limited list of secondary 

procedures available to treating physiotherapists based on the physical examination 

findings. 

 

Combined therapy (EX + MT) consisted of a combination of the exercise and manual 

physiotherapy treatments described above.  
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All trial interventions were delivered in a community-based clinic associated with the 

University of Otago in the city of Dunedin, which has a population of 120 000. 

 

 Description of comparator 5.2.5
The comparator, ‘usual care’, was defined as the status quo mixture of interventions 

for treating hip or knee OA found in community practice in the metropolitan region 

surrounding Dunedin, New Zealand (Gold et al., 1996). Being a pragmatic trial this 

means all interventions, including physical therapy and manual therapy (or both) are 

available to all participants in the study if these treatments are part of a treatment plan 

coordinated outside of the trial. The advantage of usual care as a comparator is that it 

has the potential to represent the current, ‘real-world’ situation for decision-makers 

(Gold et al., 1996), and it requires that the intervention under investigation show 

improvement above the ‘noise’ of the real world (Godwin et al., 2003, Maclure, 2009). 

The 6-month and 12-month follow up questionnaires were designed to capture the use 

of various interventions available to participants in community practice (Pinto et al., 

2011b). This will allow for the comparison of co-interventions use during the trial. 

 Type of economic evaluation 5.2.6

This study is a comprehensive economic evaluation conducted alongside a RCT. It is a 

cost effectiveness analysis that will follow multiple endpoints (described below), also 

referred to as a cost consequences analysis (Drummond et al., 2005b). The main 

outcomes will be health care costs related to OA and a general measure of health-

related quality of life (HRQoL) for each intervention compared with usual care, 

expressed as incremental cost effectiveness ratios. Clinically relevant criteria, such as 

the OMERACT-OARSI responder criteria, have been suggested for use in economic 

evaluations of treatments for OA (Drummond et al., 2003).  

 

 Outcomes 5.2.7

5.2.7.1 Health-related quality of life and QALYs 

The Medical Outcomes Study-Short Form 12 (SF-12v2) will be used to assess patient 

health. This general HRQoL measure was converted to a 6-dimensional health state 

classification (SF-6D) by Brazier and Roberts using utility weights from the UK 
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population (Brazier and Roberts, 2004). The SF-6D allows for the estimation of a 

single preference-based index, the quality-adjusted life year (QALY), which is 

recommended as a generic measure of benefit across all cost effectiveness analyses 

(Gold et al., 1996, Ramsey et al., 2005). A QALY is a year of life experienced with a 

particular HRQoL as represented on a scale from 0 to 1, where 0 = death and 1 = full 

health. No negative values indicating health states considered worse than death are 

possible using the SF-6D. Mean QALYs for each group will be estimated controlling 

for baseline utility as recommended by Manca and colleagues (Manca et al., 2005). 

 

5.2.7.2 Responder criteria 

The OMERACT-OARSI set of responder criteria considers both absolute and relative 

changes in pain or function (Pham et al., 2004). An individual is considered a 

responder to a treatment if one of two criteria are met; 1) improvement (≥ 50% and an 

absolute change is ≥ 20%) in pain or function or 2) improvement (≥ 20% and absolute 

change ≥ 10%) in two of the following three areas: pain, function, and patient’s global 

assessment. The MOA Trial captured the pain domain using the numeric pain rating 

scale, the function domain using the WOMAC (Western Ontario and McMaster 

osteoarthritis index), and the patient’s global assessment using the global rating of 

change (Abbott et al., 2009). All outcome measures captured in the MOA Trial are 

listed in Table 5.1.  

 Perspective 5.2.8
The perspective determines the point of view from which opportunity costs are defined 

and measured (Goodacre and McCabe, 2002). The societal perspective will be used in 

this study as it is the broadest possible and is recommended as the reference case 

(Drummond et al., 2005a, Gold et al., 1996). In addition, direct medical costs will be 

reported and cost effectiveness from the perspective of the New Zealand health system.  

 Time horizon 5.2.9
A one-year time horizon will be used for this analysis. Drummond and colleagues 

reported that this is a suitable time horizon for symptom-modifying interventions in the 

treatment of OA (Drummond et al., 2003). Later a report of two-year time horizon will 

be made as a secondary analysis, to investigate assumptions regarding the duration of 

effects (Abbott et al., 2009). 
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Table 5.1 Outcome measures captured in the Management of OsteoArthritis (MOA) Trial 

Outcome measure Data collection instrument 

WOMAC composite score* WOMAC 3.1 patient-rated questionnaire 

Timed up-and-go Physical test (Piva et al., 2004, Stratford et al., 
2006) 

30 second sit-to-stand Physical test (McCarthy et al., 2004b) 

40 m self-paced walk Physical test (Angst et al., 2001, Stratford et al., 
2006) 

WOMAC subscales: A) Pain; B) 
Stiffness C) Physical Function 

WOMAC-3.1 (Bellamy et al., 1997, Pham et al., 
2003) patient-rated questionnaire 

Numeric pain rating NPRS (Bellamy et al., 1997, Pham et al., 2003) 
patient-rated questionnaire 

Self-efficacy and pain beliefs The Pain Belief Screening Instrument (Sandborgh 
et al., 2007) 

Depression The two-item case-finding instrument (Whooley et 
al., 1997) 

Patient's global assessment GROC [33,34,36] (Bellamy et al., 1997, Jaeschke 
et al., 1989, Pham et al., 2003) patient-rated scale  

OARSI response criteria Composite of WOMAC, NPRS, GROC (Pham et 
al., 2003) 

American College of Rheumatology 
criteria for diagnosis of OA 

Clinician-rated criteria (Altman et al., 1991, 
Altman et al., 1986b, Peat et al., 2001a, Reijman et 
al., 2004) from physical tests and symptoms 

New Zealand National Clinical Priority 
System score 

Clinician-rated criteria 

Adverse events MOA field team audit; ODHB records; self-report 
questionnaire 

Overall health status SF-12 general health survey (Stratford et al., 2006) 

Surgical intervention Self-report questionnaire; health system records  

Healthcare consumption and related costs Self-report questionnaire; health system records 
*Primary outcome measure. All outcome measures will be undertaken at baseline, 9 weeks, 6 
months, 1 year and 2 years, with the exception of patients' global assessment and OARSI 
response criteria, which will not be assessed at baseline.  
WOMAC = Western Ontario and McMaster osteoarthritis index; NPRS = numeric pain rating 
scale; GROC = global rating of change; OA = Osteoarthritis; OARSI = Osteoarthritis Research 
Society International; MOA = the Management of OsteoArthritis Trial; ODHB = Otago District 
Health Board. 
Table adapted from Abbott and colleagues (Abbott et al., 2009). 
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 Identification of resource use and price weights 5.2.10
5.2.10.1 Resource use 

The Osteoarthritis Cost-and-Consequences Questionnaire (OCC-Q) was designed to 

capture health care use, co-payments, and out-of-pocket expenses related to hip or knee 

OA over the preceding three-month period (Pinto et al., 2011a), and was reported on in 

Chapter 4 of this thesis. The MOA Trial protocol includes administering this 

questionnaire at baseline and at 6, 12, and 24 months. 

 

5.2.10.2 Price weights 

Price weights (unit costs) will be applied to the quantity of health services reported. 

The cost of delivering the MOA Trial physiotherapy intervention will be calculated by 

identifying the number of times each participant, randomised to one of the treatment 

groups, attended physiotherapy treatment. The cost of this service will be based on the 

market rate for physiotherapy services (Access Economics, 2005) inflated to 2009 

dollars. This unit cost of a single treatment visit (NZ$ 64.00) will be applied to the 

number of visits attended. The cost of the home exercise booklets will also be included 

in the cost of the treatment groups. Because questioning the patient directly about 

transportation costs for clinic visits would have unblinded the assessor to group 

allocation (physiotherapy versus usual care), transportation costs will be calculated by 

multiplying the return distance from the participant’s place of residence using Google 

MapsTM (http://maps.google.com/), at the University of Otago’s re-imbursement rate of 

NZ$ 0.83 per kilometre.  

 

Price weights for public hospital-based inpatient services will be based on New 

Zealand’s case-mix framework for publically funded hospitals for fiscal year 2008/09: 

the Weighted Inlier Equivalent Separations (WIES), with Amendments for New 

Zealand from Version 11C to Version WIESNZ, 2008 (WIESNZ08). Medical and 

surgical purchase units of NZ$3,983.33 will be multiplied by inpatient service case-

weights to obtain the cost of inpatient services. Emergency visits and specialist visits 

will be valued according to the hospital’s volume schedule from its funder. Price 

weights for medical imaging will be calculated as a combination of the relative value 

unit of the procedure and the reimbursement amount from the imaging contract 

between the hospital and ACC (Accident Compensation Corporation, New Zealand’s 

no-fault insurance scheme for work and non-work injury events). Private hospital-
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based services such as joint replacement surgery, specialist visits and radiology will be 

valued at the amount the hospital charges for these services.  

 

Price weights from the New Zealand Pharmaceutical Schedule (NZPS) will be applied 

to the quantity of medications reported in the questionnaire. This will be done by 

extrapolating the daily quantities reported for each medication out to three months, and 

then multiplying the three-month quantities by the relevant subsidy as reported in the 

NZPS (Lagan and Scott, 2009). Over-the-counter medications will be valued at the 

average market price for each medication from an average of vendors (i.e. 

supermarkets, pharmacies, health food stores) in the area.  

 

For all health services other than MOA Trial treatments, transportation costs will be 

captured by participant-reported taxi or bus charges incurred. Or, if a private car is 

used, a cost per kilometre of NZ$0.83 will be applied to the reported/calculated 

distance travelled. Participants will be asked to report their mileage; however, if they 

are unable to do so they will be asked from where they travelled and the distance will 

be calculated via Google Maps™ (http://maps.google.com/). The OCC-Q asks 

participants to report lifestyle adaptations, aids and adaptations and the out-of-pocket 

costs associated with any of these changes. Specific price weights for use in the 

economic analysis are reported in Appendix A3.7. 

 

 Productivity loss 5.2.11
There is debate in the literature surrounding whether productivity costs should be 

captured in the numerator or the denominator of the ICER. The US Panel on Cost-

effectiveness in Health and Medicine recommends capturing productivity costs in the 

denominator because “it is difficult to separate the HRQoL impact of being ill from the 

effects on role function and other experiences associated with the use of the time”(Gold 

et al., 1996, p.181). However, Brouwer et al challenge the notion that loss of income 

should not be monetised because of an assumption that the individual rating her quality 

of life will include a loss of income in the role functioning component of the instrument 

(Brouwer et al., 1997). They caution against “too easily” incorporating into the health 

effect side what can be valued monetarily (Brouwer et al., 1997). In taking this 

position, they also suggest that the US Panel takes an individualistic view rather than a 
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societal view. This is because the production loss to society will be restored once a 

replacement for the worker is found whereas the patient will report income loss as long 

as they are affected by the loss. 

 

For the societal perspective work loss as a result of OA will be captured. Productivity 

loss is typically accounted for using either the human capital approach or the friction 

cost approach (van den Hout, 2010). The difference between the two approaches is the 

perspective from which the loss of productivity is viewed. Using the human capital 

approach, losses are viewed from the perspective of the patient and can be accounted 

for up to the patient’s lifetime; however, this may result in an overestimate of 

productivity loss from the perspective of society (Koopmanschap and van Ineveld, 

1992, van den Hout, 2010). Using the friction cost approach, losses are viewed from 

the perspective of the employer which experiences the productivity loss up to the time 

it takes to replace a worker, referred to as the ‘friction period’. The length of the 

friction period can change based on local employment conditions; however, a 6-month 

timeframe has been suggested (Koopmanschap and van Ineveld, 1992, van den Hout, 

2010). The friction cost method also allows for the consideration of industry-specific 

information such as labour dynamics and compensation strategies used in order to 

address the temporary loss of an employee (Koopmanschap et al., 2005).  

 

A limitation with the friction cost approach is, unless the new employee was previously 

unemployed, the initial vacancy creates a chain of vacancies each with their own 

friction period (van den Hout, 2010). This is often unaccounted for which suggests the 

friction cost approach underestimates productivity losses from the perspective of 

society (van den Hout, 2010). As the friction period becomes prolonged, due to 

difficulty with replacing a worker, the productivity losses generated by the friction cost 

approach advance toward the level of productivity losses generated by the human 

capital approach. Therefore, it may be simpler and justifiable in situations when the full 

weight of productivity loss should be calculated to use the human capital approach (van 

den Hout, 2010). Whereas the human capital approach is said to identify potential 

productivity loss, the friction cost approach attempts to measure actual productivity 

loss from the perspective of society (van den Hout, 2010). 
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In the OCC-Q, participants also report their absences from work during the past month 

due to OA and the total work time lost as a result of OA-related interventions such as 

joint replacement surgery. When quantifying productivity losses for this study, the 

friction cost method will be used in order to capture a conservative estimate; a 6-month 

friction period will be applied. Days of sick leave will be converted into work-hour 

equivalents for the average number of hours worked per day based on employment 

status. In New Zealand, average full time employees work 8.7 hours per day and 

average part time employees work 4.6 hours per day (StatisticsNZ, 2000). Individual 

participant wage rates will be applied to lost time. 

 

5.2.11.1 Annualised estimates 

Annualised estimates for all cost items except for total joint replacements and time off 

work will be calculated by doubling the estimates covering the two 3-month periods 

(to be obtained at the 6- and 12-month follow-ups). Total joint replacements and the 

associated time off work are deemed to be easily recalled by participants at both 

follow-up points (a 6-month recall timeframe). Time off work associated with OA, but 

not as a result of surgery, is likely to be subject to a greater degree of inaccuracy with 

recall (Bhandari and Wagner, 2006) and therefore will be recalled over one month only. 

The number of total joint replacements will be verified for all participants with the New 

Zealand National Joint Register (New Zealand National Joint Register). Other cost 

items will be assumed to be constant over the baseline to 3-month and 6- to 9-month 

periods. 

 

Because follow up will be limited to one year, discounting (to recognise the differential 

timing of costs and benefits) will not be necessary for this economic evaluation. The 

quantity of resources used for each cost domain will be reported separately from the 

cost. All costs in this study will be expressed in 2009 New Zealand dollars (NZ$) 

exclusive of government goods and services tax (GST); in 2009 NZ$1 ≈ £0.43.  

 Study boundaries 5.2.12

This study will include the impact on family members and friends of helping 

participants cope with their OA. Family members’ and friends’ travel costs and lost 

productivity from accompanying participants for OA-related health care visits, and any 

other costs incurred helping participants (provided the assistance is OA-related), will be 
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derived from asking participants to estimate these amounts. Only OA-related costs will 

be used for the analysis of the MOA Trial due to the co-morbidities that are abundant in 

the OA population (Kadam et al., 2004), and the variance that is likely to be produced 

within the cost estimate as a result of including co-morbidities. 

 

Participants will be encouraged to define a GP or hospital visit as OA-related if it is a 

follow up for their hip or knee complaints, if a significant part of the visit is devoted to 

their hip or knee complaints, or if the doctor renews OA-related prescriptions. In 

addition, visits that are a result of complications from OA-related management will 

also be captured; for example visits to a gastroenterologist because of gastrointestinal 

complaints while on non-steroidal anti-inflammatory medications will be counted as 

‘OA-related’.  

 Statistical analysis 5.2.13
Missing data will be addressed by a multiple imputation approach to reflect the 

uncertainty present when replacing missing data. All censored data will be assessed in 

order to determine whether the loss of data can be predicted. If the data loss cannot be 

predicted and the loss of data is less than 10% it will be deemed not necessary for 

consideration during the analysis along current ISPOR guidelines for the conduct of 

trial-based economic evaluations. The percentage of censored data will be calculated 

based on the number of censored assessments relative to the total number of 

assessments as recommended by Glick an colleagues (Glick et al., 2007). If censored 

data need to be addressed, the censoring mechanism will be defined as described in 

Section 2.7 of this thesis and the appropriate statistical method used.  

 

The comparison of costs between the physiotherapy groups and usual care will be 

carried out using both univariate and multivariable analysis. The univariate analysis of 

cost data will be conducted using two-way factorial analysis of variance (ANOVA) in 

order to identify whether a combination of factors predict the value of an outcome 

variable or if interactions exist between the factors. The data will be checked for

violations of the normal distribution using histograms of cost data per treatment group 

and checking skewness and kurtosis against expected values associated with a normal 

distribution (Glick and Doshi, 2010, Kirkwood and Sterne, 2003). In addition, quantiles 

of transforms will be assessed in order to determine whether a transformation of the 
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data will approximate a normal distribution, which will assist with choosing a 

multivariate regression model. If the cost data violate the assumptions of parametric 

statistics, non-parametric methods of analysing group means will be used (Briggs et al., 

1997). Non-parametric bootstrapping will be used for comparing means and calculating 

confidence intervals of cost data that violate parametric assumptions (Barber and 

Thompson, 1998, Ramsey et al., 2005). A random draw will be taken, with 

replacement, from the sample stratified by treatment group in order to maintain sample 

size per group; 3000 replications will be used as suggested by Glick and Doshi (Glick 

and Doshi, 2010).  

 

Multivariable analysis of cost data will be performed in an attempt to improve the 

power for tests of difference between groups by explaining variation due to other 

causes (Glick et al., 2007, Ramsey et al., 2005). The multivariable analysis will include 

the baseline costs and effects as covariates in the model and these pre-specified 

potential confounding factors: age, body mass index, baseline pain intensity, duration 

since first diagnosis, quadriceps muscle strength, mental health, and self-efficacy 

(Abbott et al., 2009). The interaction term will be included in all analyses if found to be 

significant. A variety of statistical models can be used for the multivariable analysis of 

cost data; each has its strengths and weaknesses depending on the distribution of costs 

in the study (Glick et al., 2007). See Table 2.9 for a review of commonly used 

multivariable models in the analysis of cost data. The GLM has the advantages of 

commonly used log models without the drawbacks associated with retransformation 

(Manning and Mullahy, 2001). Diagnostic tests will be utilized in order to identify the 

most appropriate multivariable model. The Modified Parks test has been recommended 

to determine the family distribution (Manning and Mullahy, 2001). For selecting a link 

function, Glick and Doshi suggest use of the Pregibon Link test to check linearity of 

response on the scale of estimation, and Pearson’s Correlation test and Modified 

Hosmer Lemeshow test to check for systematic bias in fit on the raw scale (Glick and 

Doshi, 2010). Ideally, each of these tests will yield non-significant values. If no single 

model appears most appropriate, the results from a number of different models will be 

reported (Glick et al., 2007). 

 

Within each bootstrap the GLM will be run and the method of ‘recycled predictions’ 

will be utilised to predict cost per treatment group (Glick and Doshi, 2010). Recycled 
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predictions (predictive margins) are an application of adjusted treatment means to non-

linear models, allowing the comparison of mean treatment outcomes while controlling 

for different covariate distributions in the groups (Graubard and Korn, 1999). For 

example, the predictive margin for the UC group will represent the average predicted 

response if everyone in the sample was in the UC group. In other words everyone in the 

sample is coded as if they are in the UC group and cost is predicted. This is then 

repeated with everyone in the sample treated as if they were in each group. Then the 

means of predicted cost is estimated. Using recycled predictions avoids reintroduction 

of covariate imbalances when estimating the means (Glick and Doshi, 2010).  

 

Summary measures for mean costs and effects will be presented along with sampling 

uncertainty to describe the best estimate for each treatment groups in relation to the 

comparator. The incremental cost effectiveness ratios will be calculated by dividing the 

incremental cost by the incremental health benefit [i.e., (CostsPT–CostsUC)/(EffectsPT–

EffectsUC)] “within the table” of the factorial design for each physiotherapy treatment 

group, EX, MT, and MT+EX versus UC (Montgomery et al., 2003). The incremental 

differences between these groups will be reported.  

 

 Willingness-to-pay thresholds 5.2.14

Determining whether the intervention offer good value relative to usual care often 

requires the use of a threshold value that represents the amount society is willing to pay 

for health effects (Fenwick et al., 2006). Countries such as New Zealand have been 

observed to use funding-decision thresholds that are close to two times GDP per capita 

(Hay, 2008). However, agreed upon maximum willingness-to-pay thresholds may vary 

from one to three times GDP per capita (Gold et al., 1996, WHO, 2010). Hence, one, 

two and three times GDP per capita will be used as policy-relevant willingness-to-pay 

thresholds in the analyses. These WTP per QALY thresholds equal 1-3 times New 

Zealand’s GDP per capita for 2009: $29 149 (1×GDP), $58 298 (2×GDP), and $87 447 

(3×GDP). The WHO considers cost effectiveness ratios below GDP per capita to be 

‘highly cost effective’; ratios that fall between 1-3 time GDP per capita as cost 

effective; and ratios above 3-times GDP per capita as ‘not cost effective’ (WHO, 2010). 
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 Addressing uncertainty in the MOA Trial 5.2.15
The degree of uncertainty for the ICER estimate will be presented via the calculation of 

confidence intervals and by plotting the incremental cost and effect pairs in a scatter 

plot (Fenwick et al., 2006, Glick et al., 2007). Confidence intervals will be calculated 

for the ICER using the bootstrap acceptability method as discussed in Chapter 2 

(Polsky et al., 1997, Glick et al., 2007). Much of the information about value of the 

intervention can be communicated on the CE plane (Glick et al., 2007). Incremental 

costs are plotted on the Y axis of the CE plane and incremental effects are plotted on 

the X axis. The proportion of the distribution of scatter plot points falling in the 

respective quadrants can provide information about value for money relative to the 

comparator. CEACs will be calculated by identifying the proportion of bootstrap 

replicates on the CE plane that fall south and east of relevant WTP values (Fenwick et 

al., 2006, Fenwick et al., 2004).  

 

 Sensitivity analysis 5.2.16
Although uncertainty will be addressed through the use of robust imputation 

procedures, calculation of confidence intervals, and calculation of cost effectiveness 

acceptability curves, assumptions also need to be considered in sensitivity analyses. 

Price weights used in the analyses will combine weights that are generalisable to the 

New Zealand population and others that are peculiar to the Dunedin metropolitan area. 

Medical products, appliances and equipment costs that are peculiar to the Dunedin 

metropolitan area will be decreased by 2.5% to 28% to reflect the difference in cost for 

these services in different regions in New Zealand based on 2007 and 2010 health 

expenditure data from Statistics New Zealand (StatisticsNZ, 2011). The cost of 

outpatient services, including the physiotherapy interventions, will be increased by 

33.6% and decreased by 12.3% to reflect the difference in outpatient costs between 

different regions in New Zealand (StatisticsNZ, 2011).  

 

Uncertainty can also arise from the choice of model for the multivariable analysis of 

costs (Glick et al., 2007). Several multivariable models will be constructed to assess 

this effect on the cost estimate. If model choice leads to a significant variation in 

results, multiple models for the analysis of costs will be presented.  
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 Summary of findings 5.2.17
Findings will be summarised as pattern one, two, or three findings as presented by 

Glick et al (Glick et al., 2007). Pattern one and two findings will result in a range of 

values for which a statement of cost effectiveness can be made about the intervention 

with 95% certainty. Pattern three findings will necessitate a downgrade of the level of 

confidence with which the results can be considered (e.g., from 95% confidence to 80% 

confidence). In the event of a pattern three finding, the largest definable confidence 

interval will be reported. This will indicate the highest level of confidence the decision-

maker can have about the difference in economic value between the physiotherapy and 

usual care groups (Glick et al., 2007). 
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Chapter	  6 	  Exercise	  therapy,	  manual	  therapy,	  or	  both	  

for	  osteoarthritis	  of	  the	  hip	  or	  knee:	  Economic	  

evaluation	  

This study was presented as a poster at the 33rd annual conference of the Society for 

Medical Decision Making. 

 

6.1 Introduction 
Hip and knee OA are considered the most serious musculoskeletal disorders from a 

public health viewpoint (Bijlsma and Knahr, 2007, Dawson et al., 2004). In New 

Zealand, OA is responsible for the sixth largest disability burden (Tobias, 2001), and in 

2005 hip and knee OA accounted for the majority of the NZ$2.35bn health expenditure 

(1.6% of gross domestic product) attributed to arthritis (Access Economics, 2005). 

Relatively few economic evaluations have studied the cost effectiveness of exercise in 

treating OA relative to usual medical care despite universal recommendations for its 

use in this patient population (Pinto et al., 2012). All of the analyses that studied 

exercise produced point estimates suggesting exercise may be cost effective; however, 

primary studies included wide confidence intervals (Cochrane et al., 2005, Richardson 

et al., 2006), methodological flaws limited the interpretation of the findings (Cochrane 

et al., 2005, Sevick et al., 2000), or QALYs were not included in the analysis (Sevick et 

al., 2000, Sevick et al., 2009). Manual physiotherapy is a novel treatment in the 

management of hip and knee OA that has shown promising results in clinical trials 

(Deyle et al., 2005, Deyle et al., 2000, Hoeksma et al., 2004) and is recommended as an 

adjunct treatment for hip and knee OA (NICE, 2008). To the best of the candidate’s 

knowledge, the cost effectiveness of manual therapy has not been formally evaluated. 

 

 From the perspectives of the New Zealand health system and society, cost 

effectiveness and cost utility analyses were conducted assessing the three 

physiotherapy treatments evaluated in the MOA Trial (Abbott et al., 2009) relative to 

usual medical care. 
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6.2 Methods 

 The MOA Trial 6.2.1
Details of the MOA trial have been reported in Chapter 5 including trial design, study 

population, description of interventions, and reporting of primary and secondary 

outcome measures.  

	  

 Main outcome measures 6.2.2
The primary outcomes for the economic evaluation were QALYs and economic costs 

for each intervention compared with usual care, expressed as ICERs. To calculate 

QALYs, the area under the curve was estimated by using time-weighted averages at the 

beginning and end of the 6- and 12-month measurement periods (Glick et al., 2007). 

Changes in the number of participants meeting the OMERACT-OARSI responder 

criteria were also considered. This was suggested as a clinically relevant outcome in 

studies assessing the efficiency of interventions for managing OA (Drummond et al., 

2003). The WOMAC index score was the primary outcome for the clinical trial and 

was included as an outcome for the economic analysis. Greater detail regarding the 

main and secondary outcomes can be found in Chapter 5.  

 

Costs from the perspective of the New Zealand health system and from the societal 

perspective are reported. New Zealand health system costs included public and private 

inpatient and outpatient health care, pharmaceuticals, and social care items such as 

‘meals on wheels’. Societal costs included public and private health sector costs, out-

of-pocket costs, and lost earnings. Costs borne by the participant, and by his or her 

family and friends, included transportation costs, house cleaning, gardening, and co-

payments for health services such as GPs, physiotherapy, meals on wheels, and medical 

equipment (out-of-pocket costs).  

 Resource use and valuation 6.2.3
The Osteoarthritis Cost and Consequences Questionnaire (OCC-Q) was used to obtain 

data describing the costs and consequences to participants related to their hip and/or 

knee OA, including costs borne by their families and friends. The OCC-Q has been 

validated for the New Zealand population (Pinto et al., 2011b). The validity of the 

OCC-Q has been reported in Chapter 4 and its application to the MOA Trial has been 
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discussed in Chapter 5. The OCC-Q was administered via patient interviews at the 

baseline (before randomisation), 6-month, and 1-year time points in the MOA Trial. 

Interview techniques to improve recall included prompting and relating health care 

consultations to a consequence such as a prescription or referral (Bhandari and Wagner, 

2006, Jordan et al., 2006).  

 

Resource use as captured by the OCC-Q was valued using unit costs derived from local 

and national sources (see Appendix A3.7) to produce 3-month cost estimates. All costs 

are expressed in 2009 New Zealand dollars (NZ$) exclusive of government goods and 

services tax (GST); in 2009, NZ$1 = £0.43. Productivity costs were captured as 

outlined in Chapter 5. For costs that needed to be corrected for inflation, the 

Organisation for Economic Cooperation and Development (OECD) price indices of 

GDP was used as recommended by Welte and colleagues (Welte et al., 2004). There 

was no need to discount costs and outcomes, as the time horizon was one year. As 

recommended, productivity costs are reported separately in this analysis (Drummond 

and Jefferson, 1996, Drummond et al., 2005b). 

 

 Statistical methods 6.2.4

6.2.4.1 Missing data 

Health resource data from the OCC-Q served as the basis of the cost calculation. Item 

level missing data (Rubin and Schenker, 1991) and censored data (Oostenbrink and Al, 

2005) were addressed by multiple imputation using chained equations (Raghunathan et 

al., 2001). Mechanisms of censoring based on comparisons between participants who 

were censored and those who were not censored were considered. Deaths during the 

trial were treated as complete data with known costs and effects. Participants who were 

censored for one or more follow up periods were less educated (p<0.001) than those 

who were not censored, and therefore the censored data cannot be treated as missing 

completely at random (MCAR). Data were treated as missing at random (MAR) 

because the differentiation between MAR and not-MAR requires building a model that 

relies on strong, untestable assumptions (Curran et al., 1998). Missing components of 

the SF-12 and missing health care resources were imputed versus total QALYs and 

total costs. Participant deaths during the trial were treated as complete data with known 

costs and effects (Glick et al., 2007). Five imputed dataset were created. A comparison 
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was made between the distribution of mean costs and effects between groups using the 

combined datasets (all five imputations combined) and each individually imputed 

dataset. The descriptive statistics of the fourth imputation matched the distribution 

produced by the combined datasets and therefore was chosen as the dataset for the 

analysis.  

 

6.2.4.2 Data analysis 

Costs and outcomes were reported as mean values with standard deviations. A two-way 

factorial analysis of variance (ANOVA) was performed in order to identify any, 

interaction effect. Generalised linear models (GLM) with the interaction term and 

baseline values for each item, age, body mass index, quadriceps muscle strength, and 

self-efficacy added as covariates were used for all comparisons of costs and outcomes 

at 1 year. To match the model used for clinical outcomes, baseline pain intensity, 

duration since first diagnosis, mental health, and joint with primary complaint of OA 

were added to the model for outcomes at 1 year. The GLM was chosen because it 

maintains applicability to the sample mean cost regardless of the scale from which 

costs are estimated (Polsky and Glick, 2009). Per GLM the following diagnostic tests 

were used in order to assess optimise choice of family and link function. Modified 

Parks test, Pregibon Link test, Pearson’s Correlation test and Modified Hosmer 

Lemeshow test (Glick and Doshi, 2010). Mean differences between groups and 95% 

confidence intervals were obtained by bootstrap regressions (3000 replications).  

	  

6.2.4.3 Cost effectiveness analysis 

To evaluate cost effectiveness, estimates of ICERs were calculated relative to usual 

care, i.e. ‘cost per QALY gained’ and CEACs were calculated for each treatment arm 

from the perspectives of the New Zealand health system and society as outlined in 

Chapter 5. This enables decision-makers to consider the probability of cost 

effectiveness for a given value of WTP. 

	  

6.2.4.4 Sensitivity analyses 

The intention to treat (base case) analysis included all cases, including imputed missing 

and censored data. As detailed below, six one-way sensitivity analyses were performed 

to assess the impact of important cost assumptions on both the New Zealand health 

system and societal costs at one year.  
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1. A pre-planned subgroup analysis was performed on participants who did not 

receive total joint replacement as a co-intervention during the 1-year follow up 

period.  

2. To evaluate the impact of imputation on the censored data, only the complete 

cases were assessed (censored participants were removed from the analysis). 

3. Cost items were altered in two directions (sensitivity analysis 3 and 4) to reflect 

within-country variation with respect to the cost of providing the MOA Trial 

interventions and out-of-pocket expenditure for health costs and outpatient 

visits. Local costs were applied to the cost items in the base case analysis, and 

the intention of the sensitivity analysis was to better reflect a national price 

weight for these items. For the societal perspective, costs of the physiotherapy 

interventions and reported costs to the individual, family, and friends were 

decreased by 28%. These values reflect differences in the costs of medical 

products, appliances, equipment, and outpatient costs in different regions in 

New Zealand based on 2010 health expenditure data reported by Statistics New 

Zealand (StatisticsNZ, 2011). From the New Zealand health system perspective, 

only MOA Trial intervention costs were adjusted by these values.  

4. For the societal perspective, costs of the physiotherapy interventions and 

reported costs to the individual, family, and friends were increased by 33.6%. 

These values reflect differences in the costs of medical products, appliances, 

equipment, and outpatient costs in different regions in New Zealand based on 

2010 health expenditure data reported by Statistics New Zealand (StatisticsNZ, 

2011). From the New Zealand health system perspective, only MOA Trial 

intervention costs were adjusted by these values. 

5. Productivity costs were removed from the societal perspective to identify the 

impact of these costs on our estimates. 

6. The sensitivity of the statistical model chosen for analysing effect data was 

assessed by using a separate GLM to report QALY gains and ICER estimates 

(Tables 3). The main analysis used the Gaussian family and Identity link; the 

second GLM model used the Gaussian family and a Power 0.1 link (Glick and 

Doshi, 2010). 

 

Stata version 11.1 was used for data analysis. 
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6.3 Results 
The sample comprised 206 participants in the age range 37-92 years (mean 66 years), 

of whom, at baseline, 45% were wage-earners, 55% were female, and 98% declared 

their ethnicity as New Zealand European. All participants (n=206) completed the OCC-

Q and SF-12 questionnaires at baseline, 93.2% at 6-months, and 93.2% at 12-months, 

and were evenly distributed across all four groups. The total proportion of missing 

items from the OCC-Q was less than 2%; however, the dataset contained 13% censored 

data.	  

 Resource use 6.3.1

At 6 months, a smaller proportion of participants in the combined therapy group had 

joint surgery than in the usual care group (Tables 6.1), but this was followed by a larger 

proportion of individuals at the 1-year time point (Table 6.2). This ‘catch-up’ at 1 year 

occurred primarily in the private health sector, resulting in significantly higher private 

sector costs (Table 6.3) in the combined therapy group relative to usual care (P=0.03). 

This occurred without a significant difference in the number of joint procedures per 

group. At one year there were 11, 15, 13, and 14 surgical procedures in the UC, MT, 

EX and CT groups respectively. 

 Costs 6.3.2
From the perspective of the New Zealand health system, all treatments cost more than 

usual care regardless of the sample analysed (imputed sample, complete case). 

However, from the societal perspective, manual therapy cost less than usual care in the 

base case and all sensitivity analyses except when productivity losses were excluded 

from the analysis. Exercise therapy was the only therapy that cost more than usual care 

from the societal perspective with respect to the base case and all sensitivity analyses. 

Combined therapy cost less than usual care for participants with no joint replacement 

surgery in the past year (Table 6.3). None of these cost differences were statistically 

significant (P>0.05). 

 

Public health system costs made up the greatest proportion (40% to 60%) of societal 

costs for all groups and, except for the combined therapy group, productivity losses 

comprised the next largest proportion (17% to 30%) of societal costs. Whereas private 
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health system costs accounted for 34% of societal costs for combined therapy, these 

costs were just 6% to 12% of societal costs for the other groups. 

 Health outcomes 6.3.3

The primary outcome of the cost effectiveness study is the incremental cost 

effectiveness ratio. However, the significance of the effect data is important with 

respect to interpretation of the ICER. The intention to treat analysis for all participants 

indicated a statistically significant difference in QALY score at one year for exercise 

therapy versus no exercise therapy, P=0.01, but not for manual therapy versus no 

manual therapy, P=0.072. However, there was a large antagonistic interaction between 

exercise and manual therapy (coefficient (SE) of interaction term -0.006 (0.003). The 

results from the GLMs were used for the pairwise analyses and to create Table 6.4. All 

treatments were more effective than usual care regardless of health outcome or sample 

analysed (imputed sample, complete case) (Table 6.4) Exercise therapy had 

significantly higher QALYs relative to usual care in all samples analysed. In the 

participants with no joint replacement surgery during the trial, the manual therapy 

group had significantly higher scores relative to usual care in the WOMAC physical 

function and WOMAC pain subscales. 

 Cost utility analyses 6.3.1

Of the three interventions studied, exercise therapy showed the lowest incremental cost 

utility ratio estimates from the New Zealand health system perspective (Table 6.5). The 

CE plane shows the majority of replicates in either the northeast or southeast quadrants 

for all scenarios, indicating an increase in effect for all treatments relative to usual care 

(Figure 6.1). At a mean cost of NZ$44 058 per QALY gained, exercise therapy was 

below the WTP per QALY threshold adopted in this study (NZ$58 298; 2 × GDP). The 

majority of bootstrapped replicates fell into the NE (81%) and SE (19%) quadrants. 

The probability of cost effectiveness was 61% and 79% for WTP thresholds of NZ$58 

298 (2 × GDP) and NZ$87 447 (3 × GDP) per QALY respectively (Figure 6.2). From 

the societal perspective, the ICER estimate for manual therapy indicated this treatment 

cost less and improved health relative to usual care (59% and 38% of bootstrap 

replicates in SE and NE quadrants); however, despite being better value than usual care 

for all values of WTP, there was a large degree of sampling uncertainty surrounding 

this estimate. At a WTP per QALY of NZ$87 447 (3 × GDP) the probability that 
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manual therapy was cost effective relative to usual care did not exceed 61%. From both 

perspectives in the intention to treat analysis, combined therapy produced ICER 

estimates at levels far above WTP threshold values, and the CEAC did not reach 0.5, 

indicating that usual care was better value across all WTP values. Combined therapy 

had the largest percentage of bootstrap replicates in the NW quadrant; 8% and 16% 

from the societal and New Zealand health care costs respectively. 

 Cost effectiveness analysis 6.3.1

In general, the clinically relevant outcome measures that were assessed in the trial (cost 

per additional OMERACT-OARSI responder gained and point improvements in the 

WOMAC score) were associated with higher levels of cost effectiveness in favour of 

the treatment groups relative to usual care. The ICERs for all comparisons are in Table 

6.5, and the gain in OMERACT-OARSI responders (Figure 6.3) and WOMAC scores 

were plotted on the CEAC (Figures 6.4 to 6.6). Unlike QALYs, generally agreed upon 

threshold values do not exist for the outcomes assessed in the cost effectiveness 

analyses. Therefore, the consideration of cost effectiveness was restricted up to a 

maximum threshold of NZ$29 149 (1 × GDP) for one additional responder according 

to OMERACT-OARSI criteria. The single point improvements in WOMAC scores 

were considered against lower threshold values (Figures 6.4 to 6.6). From the 

perspective of the New Zealand health system and relative to usual care, the probability 

of cost effectiveness reached 83% for both manual therapy and exercise therapy at a 

WTP of NZ$29 149 per additional OMERACT-OARSI responder (Figure 6.3). At a 

WTP of $500 per point improvement in the WOMAC, the probability of cost 

effectiveness reached 93%, 94%, and 59% for exercise therapy, manual therapy, and 

combined therapy respectively (Figure 6.4). 
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Table 6.1 Resource use at six months (for previous three month period) by participants assigned MOA Trial treatment groups. 

6-month resource use Unit 

n= 

Usual care 

Mean (SD) n= 

Manual 
therapy 

Mean (SD) n= 

Exercise 
therapy 

Mean (SD) n= 

Combined 
therapy 

Mean (SD) 

Hospital-based services 

Joint procedures Procedures 48 0.17 (0.43) 49 0.12 (0.39) 48 0.15 (0.41) 47 0.02 (0.15) 

Orthopaedics Appointments 48 0.21 (0.41) 49 0.33 (0.52) 47 0.36 (0.64) 47 0.23 (0.43) 

Rheumatology Appointments 48 0.08 (0.35) 49 0 (0) 47 0.02 (0.15) 47 0.02 (0.15) 

Radiology Visits 47 0.21 (0.46) 49 0.24 (0.52) 48 0.27 (0.49) 47 0.15 (0.42) 

Accident and emergency Visits 48 0.04 (0.20) 49 0.02 (0.14) 48 0 (0) 47 0 (0) 

Community-based services 

General practitioner  Visits 48 0.27 (0.45) 49 0.18 (0.39) 48 0.21 (0.41) 47 0.19 (0.40) 

Repeat prescriptions Requests 48 0.06 (0.24) 49 0.04 (0.20) 48 0.08 (0.35) 47 0.13 (0.40) 

Practice nurse Visits 48 0.02 (0.14) 49 0.14 (1.00) 48 0.06 (0.32) 47 0.06 (0.32) 

Physiotherapy Visits 48 0.58 (1.85) 49 0.20 (1.00) 48 0.54 (1.50) 47 0.09 (0.41) 

Occupational therapy Visits 48 0.13 (0.53) 49 0.06 (0.32) 48 0.02 (0.14) 47 0.02 (0.15) 

Meals on wheels Meals 48 1.81 (9.10) 49 2.04 (10.20) 48 0 (0) 47 0 (0) 

Home help/house cleaning  Visits 48 1.13 (3.42) 49 0.86 (3) 48 1.19 (3.23) 47 1.15 (4.27) 

Pharmaceuticals (number per day) 

Paracetamol Capsules/tablets 48 1.62 (2.67) 49 2.59 (3.18) 45 1.89 (2.74) 45 1.77 (2.83) 

Opiod analgesics Capsules/tablets 48 0.53 (1.67) 49 0.43 (1.38) 48 0.16 (0.62) 47 0.34 (1.34) 

Paracetamol-opiod combined Capsules/tablets 47 0.50 (1.59) 49 0.06 (0.32) 48 0.07 (0.33) 47 0.94 (2.25) 
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NSAIDs Capsules/tablets 46 0.25 (0.73) 49 0.52 (1.10) 46 0.27 (0.57) 45 0.57 (1.20) 

COX-2 Capsules/tablets 48 0.10 (0.37) 49 0.04 (0.20) 48 0 (0) 47 0.04 (0.20) 

Glucosamine & Chondroitin Capsules/tablets 47 0.38 (0.71) 48 0.42 (0.68) 46 0.43 (0.69) 46 0.55 (0.78) 

Omeprazole Capsules/tablets 48 0.30 (0.58) 49 0.20 (0.46) 46 0.20 (0.45) 46 0.22 (0.59) 
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Table 6.2 Resource use at one year (for previous three month period) by participants assigned MOA Trial treatment groups. 

1-year resource use Unit 

n= 

Usual care 

Mean (SD) n= 

Manual 
therapy 

Mean (SD) n= 

Exercise 
therapy 

Mean (SD) n= 

Combined 
therapy 

Mean (SD) 

Hospital-based services 

Joint procedures Procedures 45 0.07 (0.25) 48 0.19 (0.45) 47 0.13 (0.34) 47 0.30 (0.51) 

Orthopaedics Appointments 45 0.20 (0.46) 48 0.21 (0.50) 47 0.23 (0.48) 45 0.49 (0.82) 

Rheumatology Appointments 45 0.02 (0.15) 48 0.02 (0.14) 47 0 (0) 45 0 (0) 

Radiology Visits 45 0.18 (0.53) 48 0.23 (0.53) 47 0.15 (0.42) 45 0.38 (0.61) 

Accident and emergency Visits 48 0.04 (0.20) 51 0 (0) 47 0.02 (0.14) 45 0 (0) 

Community-based services 

General practitioner  Visits 48 0.21 (0.41) 51 0.16 (0.37) 47 0.19 (0.40) 45 0.24 (0.43) 

Repeat prescriptions Requests 46 0.04 (0.21) 48 0 (0) 47 0.43 (0.20) 45 0 (0) 

Practice nurse Visits 46 0.11 (0.48) 48 0 (0) 47 0 (0) 45 0.07 (0.25) 

Physiotherapy Visits 46 0.20 (0.93) 48 0.52 (1.82) 47 0.87 (2.57) 45 0.78 (2.28) 

Occupational therapy Visits 48 0 (0) 51 0.08 (0.44) 48 0.02 (0.14) 45 0.27 (0.78) 

Meals on wheels Meals 48 1.38 (8.67) 51 1.18 (8.40) 48 0 (0) 45 1.33 (8.94) 

Home help/house cleaning  Visits 47 3.40 (13.68) 51 2.98 (14.67) 48 3.04 (9.39) 45 1.07 (4.30) 

Pharmaceuticals (number per day) 

Paracetamol Capsules/tablets 47 0.79 (1.77) 50 2.01 (3.00) 47 1.94 (2.84) 45 1.98 (2.92) 

Opiod analgesics Capsules/tablets 47 0.36 (1.28) 51 0.20 (0.72) 48 0.23 (0.90) 45 0.10 (0.42) 
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Paracetamol-opiod combined Capsules/tablets 48 0.71 (1.89) 51 0.09 (0.56) 48 0.04 (0.29) 44 0.37 (1.38) 

NSAIDs Capsules/tablets 47 0.30 (0.65) 49 0.52 (1.79) 46 0.53 (1.56) 44 0.41 (0.67) 

COX-2 Capsules/tablets 48 0.08 (0.35) 51 0.01 (0.06) 48 0 (0) 44 0.02 (0.15) 

Glucosamine & Chondroitin Capsules/tablets 48 0.44 (0.74) 51 0.43 (0.78) 45 0.38 (0.65) 44 0.45 (0.76) 

Omeprazole Capsules/tablets 48 0.23 (0.47) 51 0.16 (0.37) 48 0.21 (0.46) 45 0.23 (0.47) 
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Table 6.3 One-year costs (2009, NZ$), in base case and sensitivity analysis scenarios* 

 Usual care  Manual therapy  Exercise therapy Combined therapy 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD)     
 

Variables     

MOA Trial programme 0 (0) 485.93 (205.99) 503.22 (187.26) 506.88 (189.08) 

Public health system costs† 3207.22 (7160.24) 3756.34 (6139.33) 3351.18 (6681.67) 2749.48 (5313.37) 

Private health system costs† 724.117 (3457.35) 349.63 (2408.56) 731.57 (3557.99) 2319.80 (6942.15)‡ 

Costs to patient, family, and friends  490.92 (638.97) 485.68 (496.21) 650.80 (921.90) 650.03 (641.26)‡ 

Productivity costs 1863.59 (5221.85) 1053.30 (4120.54) 1600.73 (5285.90) 1341.09 (5975.10) 

Total NZ health system costs 3931.34 (7649.30) 4591.89 (6362.79) 4585.96 (7243.95) 5573.96 (8066.56) 

Societal costs 6285.85 (9908.92) 6130.87 (8827.08) 6837.49 (9837.63) 7565.08 (11584.28) 

Sensitivity analyses  

Total NZ health system cost (6 months and 1 year combined)  

Base case 3931.34 (7649.30) 4591.89 (6362.79) 4585.96 (7243.95) 5573.96 (7815.94) 

Complete case  4145.92 (7837.26), n=48 4835.69 (6466.63), n=51 4833.78 (7398.82), n=48 5419.05 (8115.93), n=45 

TJA excluded 545.92 (113.86), n=42 1254.26 (163.07)§, n=41 1187.60 (132.14)§, n=40 1261.93 (184.81)§, n=37 

-28% MOA intervention costs 3931.34 (7649.30) 4455.83 (6371.64) 4445.06 (7247.42) 5432.03 (8075.68) 

+36% MOA intervention costs 3931.34 (7649.30) 4766.83 (6352.16) 4767.12 (7240.05) 5756.44 (8055.33) 

Societal cost (6 months and 1 year combined)   

Base case 6285.85 (9908.92) 6130.87 (8827.08) 6837.49 (9837.63) 6829.12 (11224.02) 

Complete case 6642.96 (10109.94), n=48 6448.19 (8985.10), n=51 7214.13 (10023.56), n=48 7235.22 (11744.66), n=45 

No productivity costs 4422.26 (7715.00) 5077.57 (6438.11) 5236.76 (7585.39) 5609.39 (7924.03) 
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TJA excluded 2647.76 (1261.84), n=42 2107.01 (992.79), n=41 2738.81 (1220.85), n=40 2339.95 (1146.19), n=37 

-28% local costs 6148.40 (9896.71) 5858.82 (8817.93) 6514.37 (9769.13) 6507.74 (11210.34) 

+36% local costs 6462.59 (9929.34) 6480.65 (8842.35) 7252.94 (9936.11) 7248.17 (11242.48) 
 

MOA, Management of OsteoArthritis  
* The fourth imputed dataset was used for mean(SD) except for the complete case values for which the original dataset was used 
† Excluding MOA treatment costs 
‡ P<0.05 
§ P<0.01 
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Table 6.4 Health outcomes, in base case and sensitivity analysis scenarios* 

 Usual care  Manual therapy  Exercise therapy Combined therapy 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD)     
 

QALYs     

0 - 6 months 0.167 (0.035) 0.169 (0.029) 0.179 (0.027) 0.171 (0.027) 

6 - 12 months 0.166 (0.040) 0.175 (0.030) 0.184 (0.030) 0.170 (0.031) 

1 year  0.333 (0.072) 0.343 (0.057) 0.363 (0.055) ‡ 0.341 (0.055) 

1 year, TJA excluded  0.339 (0.075) 0.351 (0.057) 0.365 (0.058) † 0.342 (0.060) 

1 year, complete case 0.341 (0.062) 0.347 (0.056) 0.363 (0.055) ‡ 0.344 (0.053) 

WOMAC full score  
 

    

Baseline 93.81 (52.76) 114.76 (56.32) 95.53 (57.31) 99.10 (48.80) 

1 year, imputed 80.90 (57.70) 73.33 (54.93) 66.25 (54.57) 71.74 (50.01) 

1 year, TJA excluded 87.19 (54.74) 76.78 (55.68) 72.65 (54.43) 79.74 (50.58) 

1 year, complete case 78.48 (58.46) 69.08 (53.50) 66 (55.84) 68.80 (51.43) 

WOMAC physical function 

Baseline 65.59 (5.58) 80.02 (5.42) 66.84 (5.58) 68.40 (5.64) 

1 year 57.71 (42.69) 52.52 (41.45) 46.20 (38.44) 51.62 (36.85) 

1 year, TJA excluded 62.12 (41.42) 54.93 (42.80) † 50.45 (38.52) 56.47 (36.89) 

1 year, complete case 55.71 (42.97) 49.08 (39.98) 66.00 (55.84) 49.49 (37.36) 

WOMAC pain 

Baseline 18.75 (10.95) 24.28 (12.14) 19.16 (11.51) 20.42 (9.61) 

1 year 15.47 (12.01) 13.85 (11.27) 13.43 (11.98) 13.26 (10.99) 

1 year, TJA excluded 16.79 (10.97) 14.83 (10.72) † 14.95 (11.80) 15.68 (11.20) 

1 year, complete case 15.27 (12.33) 13.22 (11.16) 13.13 (12.26) 12.29 (10.68) 

OMERACT-OARSI         

1 year 18/51 (37%) 

0.35 (0.48) 

31/54 (59%) 

0.57 (0.50) 

26/51 (47%) 

0.51 (0.50) 

24/50 (52%) 

0.48 (0.50) 

1 year, TJA excluded 0.24 (0.43) 0.49 (0.51) 0.40 (0.50) 0.34 (0.48) 

1 year, complete case 0.33 (0.48) 0.59 (0.50) 0.52 (0.50) 0.49 (0.51) 

OMERACT-OARSI, Outcomes Measures in Rheumatology Clinical Trials - Osteoarthritis 
Research Society International responder criteria; QALYS, quality-adjusted life year; TJA, total 
joint arthroplasty; WOMAC, Western Ontario and McMaster University osteoarthritis index 
* The fourth imputed dataset was used for mean(SD) except for the complete case values for which 
the original dataset was used 
† Significantly improved relative to usual care (P<0.05) 
‡ Significantly improved relative to usual care (P<0.01) 
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Table 6.5 Incremental cost effectiveness ratios of manual therapy, exercise therapy and combined therapy relative to usual care (NZ$, 2009) 

 Manual therapy Exercise therapy Combined therapy 
Incremental cost per QALY gained*:   

New Zealand health system (base case) 59 892 (−180 597 to 2042 265) [90%] 44 058 (−70 885 to 194 558) 400 774 (–4415 to –195 338)[90%] 

No joint replacement  83 706 (25 972 to –1986 736) 40 027 (14 385 to 391 516) 185 072 (27 158 to –60 360) 

Complete case 158 915 (–327 319 to 5428 393) [85%] 92 086 (–213 607 to 1815 310) –428 544‡ (456 951 to 39 013) [90%] 

–28% MOA intervention costs 49 688 (–223 605 to 1573 069) [90%] 38 729 (–79 016 to 184 167) 380 576 (25 501 to –304 331)[85%] 

+36% MOA intervention costs 72 037 (–135 596 to 2486 875) [90%] 50 908 (–60 839 to 208 328)  426 956 (62 001 to –379 186) [85%] 

QALYS 2nd GLM model  58 413 (–158 000 to 1052 725) [90%] 47 323 (–76 960 to 216 060) [90%] 322 478 (35 626 to –561 236) [85%] 

Societal perspective (base case) –95 519† (–9052 958 to 4407 950)[90%] 36 588 (–453 539 to 522 414) 188 781 (–5627 673 to 13 182 725)[55%] 

No joint replacement  –63 901† (976 475 to 382 332) 5680 (–280 529 to 286 291) –79 560† (509 584 to 92 562)[45%] 

Complete case –177 711† (–7742 435 to 1024 041) [85%] 81 789 (–720 874 to 1674 254) –109 302‡ (–4798 500 to 2731 329)[65%] 

–28% local costs § –155 430† (–18 688 630 to 9526 291)[90%] 26 348 (–715 109 to 754 730) 261 446 (–12 571 701 to 24 509 364)[55%] 

+36% local costs § –59 367† (–5427 898 to 2558 479)[90%] 45 723 (–197 612 to 308 254) 178 931 (–3317 261 to 9936 180)[55%] 

No productivity costs 63 460 (–167 631 to 2201 050)[90%] 51 468 (–62 061 to 213 405) 419 562 (19 230 to –224 626)[90%] 

QALYS 2nd GLM model –93 841† (–5173 451 to 3226 176)[90%] 39 300 (–499 649 to 571 741) 151 901 (–4804 227 to 8056 899)[65%] 

Incremental cost per point gain in WOMAC index score*:   

New Zealand health system (base case) 56 (–223 to 323) [85%] 87 (–233 to 6037) [85%] 363 (65 to –203) [85%] 

No joint replacement  36 (12 to 178) 55 (17 to −417)  70 (16 to −151) 

Complete case 52 (−576 to 519) [90%] 92 (−91 to 521) [80] 406 (51 to −90)[85%] 

–28% local costs § 46 (−284 to 272) [85%] 77 (−126 to 396) [80%] 345 (43 to −164) [85%] 

+36% MOA intervention costs 67 (−159 to 398) [85%] 101 (−132 to 34 969) 387 (44 to −114) [90%] 
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Societal perspective (base case) –89† (–4259 to 1933)[85%] 72 (–16 229 to 7602)[85%] 171 (–4097 to 6403)[55%] 

No joint replacement  −27 (−226 to 79) 8 (−408 to 531) [90%] −30 (−1908 to 169) [80%] 

Complete case −58 (−5487 to 233) [90%] 81 (−359 to 582) [80%] 103 (−1748 to 2090) [45%] 

–28% local costs § −145 (−8159 to 4504) [85%] 52 (−1675 to 1485) [80%] 237 (−8739 to 12 468) [55%] 

+36% local costs § −56 (−2734 to 1048) [85%] 90 (−381 to 666) [80%] 162 (−2537 to 4594) [55%] 

Incremental cost per additional OMERACT-OARSI responder*:   

New Zealand health system (base case) 6928 (–16 579 to 252 689) [75%] 9063 (–9987 to 328 779) [80%] 43 251 (8188 to –10 903) [85%] 

No joint replacement  4743 (1307 to −10 872) 5157 (1363 to –7269) 23 318 (2053 to −4078) 

Complete case 5574 (−32 749 to 100 756) [85%] 8415 (−15 901 to 288 000) [85%] 29 291 (4010 to −11 795) [85%] 

–28% MOA intervention costs 5789 (−28 324 to 169 268) [85%] 7967 (−15174 to 258 652) [80%] 41 071 (6067 to −7756) [85%] 

+36% MOA intervention costs 8393 (−8842 to 367 521) [75%] 10 472 (−5555 to 421 198) [80%] 46 076 (6283 to −5580) [90%] 

Societal perspective (base case) –11 129† (–2031 768 to 277 616)[75%] 7526 (–236 114 to 352 718)[80%] 20 373 (–712 329 to 2224 686)[45%] 

No joint replacement  −3621† (95 162 to 7601) [85%] 732 (−42 921 to 56 057) [75%] −10 024† (15 784 to 4724)[35%] 

Complete case −6233† (−675 393 to 21 794) [85%] 7474 (−72 599 to 239 260) [85%] 7471 (−177 729 to 156 544) [55%] 

–28% local costs § −18 110† (−3430 851 to 734 916) [85%] 5420 (−452 352 to 431 918)[80%] 28 215 (−1784 589 to 3699 361) [45%] 

+36% local costs § −6917† (−1346 144 to 145 742) [75%] 9406 (−53 580 to 372 254) [80%] 19 310 (−384 560 to 1820 227) [45%] 

GLM, generalised linear model, family (Gaussian), link (Power 0.1); MOA, Management of OsteoArthritis; OMERACT-OARSI, Outcomes Measures 
in Rheumatology Clinical Trials - Osteoarthritis Research Society International responder criteria; QALYs, quality-adjusted life years; TJA, total joint 
arthroplasty; WOMAC, Western Ontario and McMaster University osteoarthritis index 
*95% confidence interval unless noted alongside confidence interval, e.g.,[90%] 
† Treatment dominates usual care, i.e. treatment costs less and is more effective than usual care 
‡ Treatment dominated by usual care, i.e. treatment costs more and is less effective than usual care 
§ Local costs include costs to patient, family and friends and MOA programme 
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 Sensitivity analyses 6.3.2
6.3.2.1 Subgroup without joint replacement 

Differences in resource use existed between the full sample and the subgroup of 

individuals without joint replacement surgery during the trial. When participants with 

joint replacement were removed from the sample, usual care no longer had the fewest 

orthopaedic visits or the fewest visits to a physiotherapist. When total joint 

replacements were removed from the New Zealand health system perspective, the 

additional cost of the MOA trial treatments created a significant cost difference 

between each treatment group and usual care. This is shown on the cost effectiveness 

plane where all of the distributions sit above the x-axis. However, in all comparisons, 

the MOA Trial treatments continued to result in greater QALY gains relative to usual 

care. 

 

From the perspective of the New Zealand health system, usual care was more cost 

effective than the other alternatives at WTP values below NZ$44 000. At threshold 

levels below NZ$15 000 this difference was significant relative to all alternatives. This 

is shown in Figure 6.2 where each CEAC falls below the 0.025 probability level. 

Whereas usual care showed higher probabilities of cost effectiveness at low WTP 

values, exercise therapy performed better at higher values of WTP (99% in NE 

quadrant). The ICER for exercise therapy was NZ$40 027, well below the WTP 

thresholds of NZ$58 298 to NZ$87 447 per QALY respectively. As WTP approached 

these thresholds, exercise therapy’s probability of cost effectiveness reached 74% and 

87%. The ICER estimate for manual therapy fell between the WTP thresholds of 

NZ$58 298 and NZ$87 447 (98% in NE quadrant), and the estimate for combined 

therapy was above both thresholds (30% in NW quadrant). 

 

From the societal perspective, all therapies were superior to usual care. Manual therapy 

showed the highest probability of being cost effective relative to usual care for all WTP 

per QALY thresholds: from 73% to 91% for WTP thresholds of NZ$0 to NZ$87 447 

per QALY (Figure 6.2). The CEAC in Figure 6.2 shows that manual therapy is better 

value than usual care (>0.5 probability) regardless of the WTP threshold (70% and 20% 

of bootstrapped replicates in SE and NE quadrants respectively). For exercise therapy, 

the probability of cost effectives relative to usual care remained favourable, but the 
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values were lower than for manual therapy (54% and 45% of bootstrapped replicates in 

NE and SE quadrants respectively), and usual care was superior to exercise at the 

lowest WTP thresholds (<NZ$5000). Only from this perspective and in this patient 

subgroup was combined therapy cost effective relative to usual care (44% and 26% of 

bootstrapped replicates in SE and NE quadrants respectively). For all WTP threshold 

values, combined therapy showed higher probabilities of cost effectiveness than care 

but these values were lower than manual therapy. The probability of cost effectiveness 

ranged from 63% to 72% for WTP thresholds of NZ$0 to NZ$87 447 per QALY. 

 

6.3.2.2 Other sensitivity analyses 

In the complete case analysis ICERs were higher across all treatment groups with the 

exception of the manual therapy group from the societal perspective. Although the 

effect difference was smaller, the manual therapy group remained cost saving relative 

to usual care. Also from the societal perspective, the exercise therapy group’s ICER 

estimate was within the NZ$87 447 WTP per QALY threshold.  

 

The exclusion of productivity losses from the analysis had its greatest impact on the 

ICER estimate of manual therapy relative to usual care. For every other comparison 

that used societal costs manual therapy was cost saving; however when productivity 

losses were excluded the ICER increased to NZ$63 460 per QALY – i.e. between the 

NZ$58 298 and NZ$87 447 WTP thresholds. Although the ICERs for exercise therapy 

and combined therapy also increased, their positions relative to the WTP thresholds 

were unchanged.   

 

The final sensitivity analysis was an assessment of the sensitivity of the ICER to the 

regression model construction for the effect estimate. This did not appreciably change 

the ICER estimate for any comparison (Table 6.5).  
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Figure 6.1 Cost effectiveness plane of the MOA Trial interventions on QALY gains from 
the New Zealand health system and societal perspectives in participants with no joint 
replacement surgery during the trial and all participants 

The cost effectiveness plane plots the incremental cost and effect pairs for the MOA Trial 
interventions relative to usual care. The origin of the graph represents usual care. The x-axis 
represents effect differences and the y-axis represents cost differences between the treatment 
and usual care. From the perspective of the New Zealand health system and in participants 
without joint replacement during the trial it can be seen that all treatments cost significantly 
more than usual care (>95% of replicates above the x-axis). The majority of cost effectiveness 
estimates fall in either the northeast of southeast quadrant for all scenarios indicating an 
improvement in effect for the treatment group relative to usual care. 
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Figure 6.2 Cost effectiveness acceptability curves of the MOA Trial interventions on 
QALY gains from the New Zealand health system and societal perspectives in 
participants with no joint replacement surgery during the trial and all participants 

The CEAC plots the probability of cost effectiveness of a treatment on the y-axis against 
different values of WTP for a health outcome on the x-axis. With all paired comparisons, the 
0.5-point on the y-axis indicates no difference in the probability of cost effectiveness for the 
treatments under comparison. For values above 0.5 on the y-axis there is a greater probability 
of cost effectiveness for the treatment of interest than the alternative. For example, in the top 
left graph of this figure there is a greater probability of cost effectiveness for EX than UC (solid 
blue line) for WTP values greater than ~$45 000. For values below 0.5 there is a greater 
probability of cost effectiveness for the alternative than the treatment of interest. For example, 
in the top left graph of this figure UC shows greater probabilities of cost effectiveness than EX 
(solid blue line) for values of WTP below ~$45 000. Comparisons between physical therapy 
treatments are shown in the gray, black, and purple lines. There is some evidence of “straw 
man” comparisons where under a WPT ~$40 000 physical therapy treatments look cost 
effective when compared with each other (e.g. EX vs CT), but no therapy is superior to UC. EX 
vs UC shows higher levels of probability relative to the other treatments relative to UC and, as 
would be expected, EX vs MT and EX vs CT are above 0.5 showing a greater likelihood of cost 
effectiveness in each comparison. 
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Figure 6.3 Cost effectiveness acceptability curves of the MOA Trial interventions on 
OMERACT-OARSI responder criteria from the New Zealand health system and societal 
perspectives in participants with no joint replacement surgery during the trial and all 
participants 
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Figure 6.4 Cost effectiveness acceptability curves of the MOA Trial interventions on 
WOMAC index gains from the New Zealand health system and societal perspectives in 
participants with no joint replacement surgery during the trial and all participants 
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Figure 6.5 Cost effectiveness acceptability curves of the MOA Trial interventions on 
WOMAC pain subscale gains from the New Zealand health system and societal 
perspectives in participants with no joint replacement surgery during the trial and all 
participants 
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Figure 6.6 Cost effectiveness acceptability curves of the MOA Trial interventions on 
WOMAC function subscale gains from the New Zealand health system and societal 
perspectives in participants with no joint replacement surgery during the trial and all 
participants 
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6.4 Discussion 
Providing either manual therapy or exercise therapy in addition to usual care is likely to 

be cost effective. From the perspective of the New Zealand health system, exercise 

therapy was the most cost effective treatment due to its significant improvement in 

QALYs relative to usual care, placing the distribution of cost effectiveness estimates 

predominantly in the northeast quadrant of the cost effectiveness plane. 

 

Savings did accrue from the societal perspective with respect to reductions in 

productivity losses in the manual therapy group. The provision of manual therapy in 

addition to usual care was cost saving from the societal perspective. This finding was 

robust to the majority of sensitivity analyses; however it was sensitive to a change in 

productivity losses. Manual therapy was no longer cost saving after productivity losses 

were excluded from the analysis.  

 

All complete case analyses showed higher point estimates for the ICER than the base 

case scenarios. This may have been due, in part, to the majority of individuals with 

joint replacement surgery completing follow up. Only two individuals with joint 

replacement surgery were lost to follow up. A density plot (Appendix A3.8) comparing 

the complete case cost data with the full sample (imputed) data shows a larger 

proportion of individuals with low costs in the full sample data but no changes in the 

proportion of individuals with higher costs. Therefore, the majority of high-cost 

individuals were included in the complete case analysis, resulting in higher mean costs. 

In addition, deaths within the trial period (n=2) were left out of the complete case 

analysis improving QALY scores in the usual care and combined therapy groups. 

These differences resulted in usual care having lower costs and higher QALYs relative 

to combined therapy when adjusted for baseline (Table 6.5). From the New Zealand 

health system perspective, it resulted in the one scenario where no treatment 

programme produced an ICER estimate below the NZ$87 447 (3 × GDP) threshold 

WTP per QALY.  

 

A subgroup analysis is ideal for comparing marginal populations within marginal 

programmes (Segal et al., 2004, Ramsey et al., 2005). The consideration of the sample 

without the co-intervention of joint replacement is important for two reasons: 1) Total 
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joint replacement is a non-randomised competing intervention of known cost 

effectiveness, therefore potentially confounding interpretation of the effects of the trial 

interventions, 2) a subpopulation of individuals most likely to benefit from 

physiotherapy services may exist within the sample. Candidates for joint replacement 

surgery were recruited into the trial after the hospital orthopaedic surgeons, who 

remained blinded to trial participation, prioritised them for surgery. Participants were 

not reassessed for prioritisation following the MOA Trial treatment. Therefore, 

participation in the MOA trial was highly unlikely to influence the offer of joint 

replacement surgery.  

 

Additionally, participants with severe enough OA to be prioritised for joint surgery in 

New Zealand may have been waiting for up to two years in the public system (Fielden 

et al., 2005). If joint symptoms improved in these participants as a result of the MOA 

Trial intervention, it is unlikely that they would remove themselves from the queue due 

to a combination of factors including the uncertainty of how long the health benefits 

would last and the likelihood of rapid surgery if it was needed in the future (Derrett, 

2005). There is also some evidence that ‘coaching’ occurs in the health system, where 

general practitioners coach patients to exaggerate symptoms in order to gain priority for 

surgery (McLeod et al., 2004). Ill effects associated with coaching include patients 

believing they are sicker than they actually are (Evans and Price, 1999), which may 

also impact use of surgical services. All of these elements combine as justification for 

assessing the subgroup of individuals who did not have joint replacement surgery 

within the study period. 

 

From the societal perspective and in the subsample of individuals without joint 

replacement, the cost effectiveness acceptability curves reveal that exercise therapy and 

manual therapy respectively are more likely to be cost effective relative to usual care at 

all policy relevant thresholds. However, from the perspective of the New Zealand 

health system and for low thresholds (<$15 000 WTP), the results of the study show, 

with 95% certainty, that usual care is more cost effective than any treatment evaluated 

in this study. It is only when WTP-per-QALY thresholds of approximately $45 000 are 

reached that exercise therapy becomes more likely to be cost effective.  
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Interestingly, manual therapy and exercise therapy appear to produce different effects 

on the outcome measures. The exercise programme appeared to have the greatest 

impact on generic HRQoL scores, and manual therapy most influenced the WOMAC 

index score, in general, with greatest effect on the pain subscale. It is conceivable that 

exercise therapy improves multiple dimensions of health and leads to an improvement 

in generic HRQoL measures such as the SF-12 used in this research. For example, it 

has been documented that exercise improves mental health (Windle et al., 2010). 

Conversely, manual therapy may primarily work to improve disease-specific HRQoL 

by its relatively focused purpose of improving quantity and quality of joint motion, and 

the symptoms associated with this. It was expected that these two programmes in the 

combined therapy group would be additive with respect to effect on outcomes. 

However, the failure of combined therapy to improve disease-related and HRQoL 

relative to either programme in isolation resulted in the lowest probability of cost 

effectiveness for the majority of scenarios assessed. 

 

Although the clinical outcome resulted in higher levels of cost effectiveness, there are 

no agreed upon values of WTP for these intermediate outcomes. In the circumstances 

where small costs are associated with significant improvements in pain reduction, as 

per manual therapy using the WOMAC pain subscale, it may be reasonable to conclude 

that this is good value for money; whereas larger expenditures with less confidence in 

the outcome would be considerably less so. Clearer findings would result from tying 

these intermediate outcomes to final outcomes such as total joint replacements avoided. 

Unfortunately, the number of joint replacements were balanced throughout the groups, 

making this association difficult using the trial data. 

 

 Strengths and limitations of the study  6.4.1

6.4.1.1 Strengths 

This was a comprehensive economic evaluation set within a RCT with high levels of 

patient retention (>93%) and compliance (>85% in all treatment groups). The use of 

primary data from the trial enables the calculation of cost effectiveness estimates using 

data with high internal validity (Ramsey et al., 2005). The pragmatic nature of the 

MOA Trial, in particular the inclusion of a wide spectrum of participants with OA, also 

increases the generalisability of these findings (Petrou and Gray, 2011). A cost 
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collection tool capturing a broad range of costs and that had been validated for this 

purpose in the New Zealand OA population was used in this reseearh. The statistical 

models that were employed checked for fit to optimise the performance of the model 

with regard to the variance of the dataset. The sensitivity analyses tested the robustness 

of the cost effectiveness estimates and helped identify the cost items that most strongly 

influenced the ICER estimate. The main findings were satisfactorily robust to the 

perturbation of these analyses. 

 

Together with the economic evaluation protocol, this economic evaluation was 

carefully reported to include the information required of Drummond and colleagues for 

improving study generalisability (Drummond et al., 2005a). This study also considered 

whether the intervention is more or less effective when a common co-intervention is 

present, as suggested by Glick and colleagues (Glick et al., 2007). The physiotherapy 

programmes demonstrated greater probabilities of cost effectiveness relative to usual 

care in the absence of joint replacement surgery. 

 

Although the majority of participants were followed up at both time points over the 1-

year trial, some portions of the cost questionnaire (OCC-Q) had incomplete data. Drug 

dosage was the most common item with missing data. Whereas naive methods can be 

employed to impute missing data, a validated multiple imputation model was used in 

order to minimise bias. The SAS IVware statistical programme was chosen because the 

types of regression models used are linear, logistic, Poisson, generalised logit, or a 

mixture of these depending on the type of variable being imputed (Raghunathan et al., 

2001).  

 

This subgroup analysis was a particularly important consideration in this study because 

joint replacement surgery is known to be one of the most cost effective interventions in 

this patient population(Chang et al., 1996, Losina et al., 2009), and its inclusion in the 

intention to treat analysis may have influenced the effect estimates. Although there was 

very low loss to follow up, the cost questionnaire (OCC-Q) occasionally had data 

elements missing. Drug dosage was the most common item level with missing data. 

Though naive methods can be employed, robust methods were used to impute missing 

data (Raghunathan et al., 2001).  
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6.4.1.2 Limitations 

Limitations of this study include assumptions with respect to productivity losses and, in 

the cost effectiveness analyses, the use of intermediate endpoints, e.g., WOMAC index 

and OMERACT-OARSI responder criteria, with no link to final endpoints. 

Productivity losses comprised the second largest proportion of societal costs for most 

groups studied. Patients were asked to recall over the previous month productivity 

losses that were related to OA, for example sick days taken (not including losses due to 

joint replacement surgery). The shortened recall period was chosen in order to improve 

the validity of this estimate because less salient, potentially frequent resource use is 

typically under reported (Bhandari and Wagner, 2006). Unfortunately, it resulted in 

only two months of data that were extrapolated to 1-year estimates, potentially 

reducing the accuracy of the productivity loss estimate. However, this estimate was not 

thought to greatly impact total productivity loss. Sick days related to OA but unrelated 

to joint replacement only contributed minimally to the total productivity loss reported. 

The majority of productivity losses resulted from joint replacement surgery, which 

were considered to be much more salient. These data were collected over the whole 

trial period from participants who reported joint replacement surgery.  

 

A second limitation of this study was with respect to the chosen outcomes. Different 

health utility measures discriminate to varying degrees and may result in different 

values for the same health state (Ruchlin and Insinga, 2008). Relative to the EQ-5D, 

Brazier and colleagues observed a higher mean QALY score and smaller variance for 

the SF-6D in patients with OA (Brazier et al., 1999). This may be in part due to the 

range of the SF-6D is (0.29-1). The restricted low end of the scale does not allow 

discrimination in the poorest health states (a floor effect) (Brazier and Roberts, 2004, 

Ruchlin and Insinga, 2008). The EQ-5D has shown the opposite effect, a ceiling effect. 

(Bharmal and Thomas, 2006). Recent evidence (published after the start of the trial, 

and the selection of the SF-6D for this economic evaluation) suggests that use of the 

EQ-5D could have allowed for better discrimination in individuals who improve 

following an intervention designed to alleviate knee pain (Barton et al., 2009). The 

results of this study may, therefore, have a downward biased estimate of the QALY 

gains in the intervention groups. 

 

Although clinically relevant, there was an inability to relate intermediate endpoints 
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such as the WOMAC index score to final endpoints in the cost effectiveness analyses. 

The treatment programmes improved the WOMAC index score and increased the 

number of OMERACT-OARSI responders relative to usual care. It is difficult to 

interpret the value for money of these findings. It seems reasonable to conclude that 

high levels of cost effectiveness at relatively low cost would be attractive to decision-

makers such as the findings of manual therapy relative to usual care in patients without 

joint replacement during the trial. For example, from the societal perspective and at a 

WTP threshold of NZ$0 for an additional OMERACT-OARSI responder, the 

probability of cost effectiveness for manual therapy is above 70%. Value for money 

was less convincing for exercise therapy in this same scenario where WTP per 

OMERACT-OARSI responder must approach NZ$30 000 for exercise therapy to be 

slightly more favourable than usual care. It is questionable whether these benefits will 

be considered by decision-makers unless they cannot be tied to a final endpoint that are 

easier to value (Drummond et al., 2005b). 

 

Finally, inferences based on bootstrapping may be incorrect due to a loss of precision. 

However, this most commonly occurs with a bootstrapped sample that is too small. In 

order to avoid this, bootstrapped samples of 3000 were created instead of the more 

common 1000 replicates (Efron, 1979).  

 Comparison with previous studies 6.4.2
The candidate is not aware of any previous economic studies assessing a programme of 

manual physiotherapy or of individualised clinic-based exercise therapy for the 

treatment of hip or knee OA. However several studies have assessed other non-surgical, 

non-pharmacological interventions, including exercise therapy (Pinto et al., 2012). Of 

those studies, all that assessed an exercise programme (Cochrane et al., 2005, 

Richardson et al., 2006, Sevick et al., 2000, Sevick et al., 2009) demonstrated ICER 

estimates that were considered to be good value for money using conventional 

standards; however only two used QALYs (Cochrane et al., 2005, Richardson et al., 

2006). Both of these studies investigated exercise therapy delivered in group sessions; 

both ICER estimates that were cost saving (Cochrane et al., 2005, Richardson et al., 

2006). Probabilities of cost effectiveness from this research approached their estimates 

despite having the additional cost of individual treatments with a physiotherapist. 
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From the perspective of the NHS and social services sector and with respect to a WTP-

per-QALY threshold of NZ$58 298, the probability of group exercise being cost 

effective relative to usual care was approximately 70%. The levels of cost effectiveness 

found in this research approached these results despite having the additional cost of 

individual treatments with a physiotherapist. From the New Zealand health system 

perspective and in the full sample, a 60% probability of cost effectiveness was found at 

this threshold for exercise therapy relative to usual care. In addition to comparing these 

results with other non-surgical, non-pharmacologic alternatives, it is important to 

consider the cost effectiveness of pharmacological and surgical treatments, as these are 

relevant alternatives in this patient population. This important consideration will be 

discussed further in Chapter 7 where a QALY league table is presented including a 

spectrum of the treatments available to individuals with OA (Table 7.1)  

 

Societal costs in this study were mainly (60% to 70%) comprised of health care costs 

(the public and private health systems combined). This is much larger than the 7% of 

societal costs reported by Patel and colleagues in a similar patient population (Patel et 

al., 2009), and it could reflect differences in utilisation rates of joint replacement 

surgery between the UK and New Zealand. The present study also had much higher 

productivity costs than Patel et al. owing to a much larger proportion of workers (43% 

employed versus ‘most not employed’). Within this study, the differences between the 

two perspectives (New Zealand health system and societal) largely fell to the impact of 

productivity costs, which were highest in the usual care group (30% of societal costs 

versus 23% for the next highest group). 

 

The removal of productivity costs from the analysis created the one scenario in which 

the ICER estimate for the manual therapy group was not cost saving from a societal 

perspective, i.e., greater health outcomes and lower costs relative to usual care. The 

majority of productivity costs were attributed to time from work as a result of joint 

replacement surgery; however, when participants with joint replacement were removed 

from the analysis usual care continued to be a higher cost option than manual therapy 

from the societal perspective. A higher number of participants who did not receive 

surgery experienced losses of productivity in the usual care group versus the manual 

therapy group. Like Patel et al, the probabilities of cost effectiveness were higher using 

the societal perspective, showing that the benefit of the programme may have its 
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greatest impact outside the health system (Patel et al., 2009); however, this was only 

true for the subgroup of participants without joint replacement surgery during the trial. 

It is likely that the group differences were more apparent when the variability 

associated with joint replacement costs, and the concomitant productivity costs, were 

removed from the analysis.  

 

This study fills important gaps in the evidence with respect to cost effectiveness of 

physiotherapist led programmes of exercise and manual therapy. The Osteoarthritis 

Research International (OARSI) guidelines highly recommend that patients with hip or 

knee OA be referred to physiotherapists for evaluation and exercise instruction. This 

recommendation was mainly based on expert opinion (Zhang et al., 2008). The present 

study shows that such exercise can result in significant QALY gains. In addition, NICE 

guidelines for the clinical management of OA called for increased research assessing 

manual therapy and manual therapy plus exercise in patients with OA (NICE, 2008). In 

this research, the efficiency of a manual therapy programme has been reported on for 

which clinical effectiveness data had been promising but data on cost effectiveness 

were lacking. The same has been done for a combined programme of manual therapy 

and exercise. 

 

 Implications for policy and recommendations 6.4.3
Although the results of this study do not permit recommendations for any of the three 

treatments with 95% confidence concerning the full sample, exercise therapy is more 

cost effective than the other three interventions from the perspective of the New 

Zealand health system when the WTP-per-QALY threshold is greater than NZ$45 000, 

with probability of cost effectiveness reaching 61% at a WTP of GDP × 2 (NZ$58 

298). There is typically a large delay between the initial presentation to primary care 

with hip or knee complaints and joint replacement surgery, and this delay represents a 

potential target for secondary prevention of progression of pain and disability for 

patients (Croft, 2005, Linsell et al., 2005).  

 

When participants with total joint replacement were removed from the analysis, the 

probability of cost effectiveness relative to usual care improved for the manual therapy 

and exercise therapy groups (Figure 6.1). As the New Zealand decision-making 
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threshold is typically less than the GDP × 2 level (< NZ$58 298) (Hay, 2008), there is a 

moderate probability that exercise therapy is cost effective for the full sample. Manual 

therapy and exercise have greater probabilities of cost effectiveness in the cohort for 

which surgery is not highly prioritised. Further research in identifying and treating the 

group of individuals who present to primary care but are not prioritised for surgery is 

needed. There appears to be a sub-population of individuals who are likely to benefit 

from physiotherapy services, but further research in identifying who they are is 

necessary to further inform decision-makers. 

  

 Conclusions and future research 6.4.4

Both exercise and manual physiotherapy demonstrated high probabilities of cost 

effectiveness relative to usual care, for many scenarios of perspective, outcome, and 

sample, whereas the combined therapy did not. When using the QALY as the outcome 

and at low WTP-per-QALY threshold values, usual care is more cost effective than all 

treatments under consideration while for higher WTP thresholds the treatments were 

more cost effective. The results of this study suggest the need for further research of 

these physiotherapy interventions as measures of secondary prevention following soon 

after the presentation to primary care. Further research is needed to assess whether the 

respective therapies impact on general HRQoL differently than on disease-related 

HRQoL. In addition, there is a need to tie intermediate outcomes commonly used in the 

assessment of OA-related studies to final outcomes. 
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Chapter	  7 Conclusions	  and	  discussion	  

7.1 Thesis overview 
This thesis represents a comprehensive series of inquiries with respect to analysing 

trial-based data using methodology from multiple areas of health services research. The 

first two chapters introduced hip and knee OA as a burden on individuals and society 

and economic evaluation methodology respectively. The first research question was to 

evaluate the available evidence on the cost effectiveness of non-pharmacologic, non-

surgical interventions for hip and knee OA. A systematic review was performed to 

identify, assess, and summarise the evidence on the topic (Chapter 3). No studies were 

found that assessed a physiotherapy programme that used manual therapy or individual 

(one-on-one) exercise therapy as an intervention. The main findings from the review 

were as follows.  

1. Most economic studies demonstrated high risks of bias with the associated 

randomised trial or the economic evaluation itself. 

2. Of those that claimed cost effectiveness, only one study had low risks of bias 

for the effect estimate and the economic evaluation. 

3. The most confidence of cost effectiveness can be placed in the study assessing 

class-based exercise, (Richardson et al., 2006) based on low risks of bias and a 

high likelihood of cost effectiveness across multiple levels of willingness-to-

pay per QALY. 

 

The MOA Trial was introduced beginning in Chapter 4, and with it the application of 

health services research methodology in a clinical trial-based setting. In order to 

capture a broad set of health care services for the economic evaluation of the 

interventions performed in the MOA Trial, the OCC-Q was developed and validated 

(Chapter 4). The OCC-Q validation study assessed the level of agreement for reported 

health care use and costs between the OCC-Q and four administrative databases. The 

main findings of the questionnaire validation study were the following. 

1. The numbers of visits and the majority of medications reported by patients were 

in agreement with the database derived estimates. 

2. Total cost estimates from the questionnaire agreed with database derived 

estimates. 
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3. Patient reported co-payments showed agreement with database records for 

general practitioner transactions but not for pharmaceuticals. 

	  

The protocol for the economic study (Chapter 5) enabled the reporting of the planned 

analysis including a threshold for the consideration of censored costs, the reporting of 

sensitivity analyses, and thresholds for willingness-to-pay per QALY. The pre-

specification of each of these choices increased the transparency of the economic 

evaluation.  

 

Chapter 6 reported the results of the economic evaluation assessing physiotherapy as 

performed in the MOA Trial. The main results from the economic evaluation show a 

range of scenarios in which physiotherapy interventions are the most cost effective 

option relative to usual care in treating individuals with hip or knee OA.  

1. With respect to health outcomes, manual therapy produced a larger effect on the 

WOMAC index relative to all other treatments whereas exercise therapy 

produced a larger effect on HRQoL.  

2. From the societal perspective manual therapy was cost saving for most 

scenarios, whereas from the perspective of the New Zealand health system, the 

cost per QALY gained for manual therapy exceeded the WTP-per-QALY 

threshold of NZ$58 298 (GDP×2). At this threshold, manual therapy’s 

likelihood of cost effectiveness varied between 27% and 87% depending on the 

perspective and scenario under investigation. 

3. From the perspective of the New Zealand health system and society, the cost 

per QALY gained for exercise was consistently below the threshold of NZ$58 

298 (GDP×2) except in the complete case scenario. At this threshold, exercise 

therapy’s likelihood of cost effectiveness varied between 55% and 79% 

depending on the perspective and scenario under investigation. 

4. Only from the perspective of society and in individuals with no joint 

replacement surgery is the cost per QALY gained for combined therapy below 

the threshold of GDP×2. At this threshold, combined therapy’s probability of 

cost effectiveness varied between 9% and 70% depending on the perspective 

and scenario under consideration.  
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5. When participants with joint replacement surgery during the trial were removed 

from the analysis, the probability of exercise being cost effective improved 

from both cost perspectives, but manual therapy and combined therapy only 

showed improvements in cost effectiveness from the societal perspective. 

6. Much higher probabilities of cost effectiveness were achieved for disease-

specific outcomes (i.e., WOMAC, OMERACT-OARSI responder), but 

society’s willingness-to-pay for these outcomes is unknown. 

 

The following sections emphasise the importance of health services research with a 

focus on economic evaluation research in relation to physiotherapy as a treatment for 

OA, and the main results from the studies in this thesis are discussed. Improvements to 

the questionnaire and overall economic evaluation study design are recommended. Also 

future research studies in health services research and economic evaluation research 

related to OA are discussed.  

 

7.2 Economic evaluation research 
The appropriate allocation of medical resources is one of the most important issues for 

employers, insurers, and governments. Due to the scarcity of resources and therefore 

the impossibility of achieving all desired outcomes, choices are necessary about which 

treatments to use (Drummond et al., 2005b). As a result, physiotherapy services will 

come under ever increasing scrutiny with respect to their ability to demonstrate value 

for money within the health system. Economic evaluations provide a framework to 

assess whether the value that is gained from physiotherapy treatments outweighs the 

value of alternative treatments that are foregone (Birch and Gafni, 2003). 

 

Chapter 2 highlighted optimal clinical trial-based economic evaluation methodology. 

This included the identification, collection and valuation of cost data, the measurement 

of effect data, and special considerations for statistical analysis, and the reporting of 

economic evaluation results. According to international guidelines, physiotherapy is 

recommended for the management of hip and knee OA with a particular role in 

appropriately prescribing exercise and manual therapy. However, there is little research 

support with respect to the value that physiotherapy adds in this patient population. 

Applying this methodology to physiotherapy interventions in the non-surgical, non-
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pharmacologic management of OA, as reported in this thesis, is essential to building 

this research base.   

 

7.3 Cost effectiveness of non-pharmacologic interventions for the 

treatment of hip and knee OA: quality of the research 
The systematic review in Chapter 3 identified economic evaluations that were 

conducted in the assessment of non-surgical, non-pharmacologic interventions for the 

treatment of hip and knee OA and investigated the cost effectiveness of these 

interventions. Jefferson, Demicheli and Vale (Jefferson et al., 2002) assessed the 

quality of systematic reviews of economic evaluations in health care and found a need 

for better search methods and standardised evaluation instruments. The systematic 

review used reproducible search methods including seven databases, two of which 

searched the grey literature. Validated methods for the assessment of each economic 

study’s methodological quality were used (Chiou et al., 2003), and a guide was created 

for use with the Quality of Health Economic Studies (QHES) instrument (Appendix 

A3.3). The QHES guide serves primarily to increase transparency with respect to the 

identification of high and low quality studies. In addition, the Internal Validity 

Checklist was used to evaluate whether the effect inputs came from randomised trials 

with low risks of methodological bias (van Tulder et al., 2009).  

 

A systematic review of studies investigating the cost effectiveness of non-

pharmacologic treatments for hip and knee OA was undertaken. Such an approach has 

been controversial in the past. Although systematic reviews of economic evaluations 

are becoming more common and are specifically requested by many national agencies, 

there are still questions regarding their usefulness to decision-makers (Anderson, 

2010). The difficulty with which the results from economic studies are transferable to 

other jurisdictions has been previously demonstrated (Sculpher et al., 2004, Welte et 

al., 2004, Birch and Gafni, 2003). In addition, Anderson deems the two main types of 

economic evaluation, decision model (simulation)-based analyses and clinical trial-

based economic evaluations, inherently incompatible (Anderson, 2010). With the 

known limitations in transferability and the concerns about compatibility between 

analysis type, Anderson questions whether systematic reviews of such studies are worth 

the effort (Anderson, 2010). In his paper, three reasons for conducting systematic 
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reviews of economic studies were outlined: (1) to inform the development of a new 

decision model; (2) to identify the most relevant one or two studies to inform a 

particular decision in a jurisdiction; or (3) to identify the key economic (causal) trade 

offs implicit in a given treatment choice or disease area. 
 

The first reason above may be considered a component of good practice when 

performing a decision model (simulation)-based economic evaluation. In their review 

of best practices in decision analytic modelling, Philips and colleagues (Philips et al., 

2004) state that the identification of data inputs for a decision model should be 

“systematic, but not necessarily comprehensive”. However, a systematic review should 

be both systematic and comprehensive (Cook et al., 1997, p. 364). Additionally, data 

inputs for a decision model should be from a range of primary studies (Philips et al., 

2004), whereas a systematic review may be scoped to include studies that meet very 

specific criteria, e.g. randomised controlled trials (Cook et al., 1997). Therefore, 

informing a new decision model is not a compelling reason for performing a systematic 

review of economic studies. Although results from a systematic review could be useful 

as data inputs for a decision model, inputs from a broader range of studies would be 

required when choosing values and assumptions to include in a model, and the 

comprehensive nature of the systematic review may not be necessary for this purpose 

(Philips et al., 2004).  

 

The systematic review in this thesis relates to the second reason above for conducting a 

systematic review of economic studies proposed by Anderson. In Chapter 3, the studies 

were judged according to highest levels of internal validity and best economic 

evidence. Costs were inflated and converted from past studies in other countries and 

compared against a recognised threshold of cost effectiveness (Welte et al., 2004). 

Although not explicitly highlighted as the best evidence, only one study met the criteria 

for low risks of bias with respect to the economic analysis and its associated 

randomised controlled trial (McCarthy et al., 2004a). This strategy parallels the 

approach of a best evidence synthesis, in that studies are judged according to their 

quality, characteristics of all studies are reported in detail, and specific aspects of the 

best evidence are highlighted (Slavin, 1995). Anderson suggests taking the additional 

step of applying the best evidence to a particular decision in a particular jurisdiction, 

but this was not an objective in Chapter 3.  



	  

 
 

183	  

The systematic review in Chapter 3 was conducted a decade after the World Health 

Organisation’s global mandate for evidence supporting the cost effectiveness of 

interventions for the treatment of OA. This call for more research was made due to the 

impact of OA on developed and developing nations (Woolf and Pfleger, 2003, Woolf, 

2000). Although international guidelines agree that non-pharmacologic interventions 

should be used as primary interventions for OA (Zhang et al., 2005, Zhang et al., 

2007a, Zhang et al., 2008), no guidelines have addressed how these interventions 

should be implemented. Therefore, the best evidence for the efficient use of non-

pharmacologic, non-surgical treatments should be of interest across multiple 

jurisdictions. Chapter 3 of this thesis serves as a platform for the application of these 

results to multiple jurisdictions. 

 

The third reason Anderson gives for performing a systematic review of economic 

studies is to offer an explanation as to why some interventions are more cost effective 

than others. Potential reasons include effects on downstream costs, rates and timing of 

adverse events, or levels of patient compliance. This is in recognition of the fact that 

many of the interventions assessed in economic studies are crucially dependent on 

context and implementation (Pawson et al., 2005). This is especially true for the 

complex interventions described in Chapter 3. Although the reasons for cost 

effectiveness were not considered for each study in detail, the study characteristics 

(Table 3.1) and risks of bias assessments (Tables 3.3 and 3.4) from the systematic 

review provide insight into this question. For example, the Internal Validity Checklist 

(Table 3.3) was used in order to identify risks of bias that are likely to inflate the effect 

estimates. By using this information alone, four of 11 studies can be identified as 

having a cost effectiveness estimate that was likely inflated as a result of 

methodological bias in the design of the associated controlled trial (Cochrane et al., 

2005, Lord et al., 1999, Nunez et al., 2007, Reinhold et al., 2008). Although not 

included in the study characteristics, the additional data that are likely to impact the 

cost effectiveness estimate are patient compliance and drop out rates. 
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7.4 Good agreement between questionnaire and administrative 

databases for health care use and costs in patients with 

osteoarthritis 
The questionnaire validation study in Chapter 4 was a supportive project related to the 

optimal completion of the economic evaluation alongside the MOA Trial reported in 

Chapter 6. Self-report tools used to collect cost data for clinical trials should 

demonstrate validity. Chapter 4 reported on a retrospective tool for health care data 

collection that was shown to agree with four administrative databases for the 

comparison of health care use and total costs. The agreement for the reporting of health 

care use and costs extended to the majority of individual health categories assessed. 

The OCC-Q went through several rounds of modification using expert input and was 

pilot tested by patients with OA prior to use in the validation study (Pinto et al., 

2011b); however, modifications to questionnaire implementation and design will likely 

lead to greater accuracy in the future.  

 

 Questionnaire implementation 7.4.1
As reported in Chapter 4, the major concern with the collection of health care data via 

retrospective reporting is recall bias. The accuracy of self-reported data is challenged 

by cognitive factors whereby the respondent must comprehend a question, engage in 

memory retrieval, form a judgment, and create an answer (Bhandari and Wagner, 

2006). Tools such as the Mini Mental State Examination to screen cognitive function 

(Folstein et al., 1975), and the Trial Making Part B to assess executive function (Liu-

Ambrose et al., 2008) can be useful in identifying participants who are not capable of 

accurately reporting such data. Such a tool assessing mental status was not used in 

Chapter 4. An important change to the implementation of the questionnaire in the 

future would be for it to be administered in concert with a tool for assessing mental 

status. This would have enabled the candidate to formally identify which participants 

could be reasonably expected to complete the questionnaire accurately. In a trial 

setting, health service use and costs could be gathered from administrative databases 

for those individuals who could not complete the questionnaire. These data would also 

serve as the basis for imputation of cost items that cannot be captured using 

administrative databases. 
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 Questionnaire design 7.4.2
Bhandari and Wagner also report on technical factors of a questionnaire that can impact 

the accuracy of self-report data (Bhandari and Wagner, 2006). These include recall 

timeframe, questionnaire design, mode of collection, and the use of memory aids and 

probes. At three months, the recall timeframe is a strength of the OCC-Q. This is 

particularly important for high frequency visits, which have been associated with 

underreporting in previous studies (Bhandari and Wagner, 2006, Ritter et al., 2001). 

Included in the questionnaire design is the manner in which questions are worded. 

Several questions in the questionnaire needed to be clarified in the brief interview as a 

result of being poorly worded. This lack of clarity with respect to questionnaire 

wording increases the likelihood that a question goes unanswered (Bhandari and 

Wagner, 2006). An example of a question that needed clarification follows (Figure 

7.1).  

 

 
Figure 7.1 Question from Osteoarthritis Cost and Consequences questionnaire (OCC-
Q) in need of clarification	  

	  

This question was designed to determine whether the participant had any joint 

replacement surgery during the trial. Some participants were confused by the inclusion 

of the words “since” and “already” in the sentence. This combination of words made 

some think that the information sought was about joint replacements prior to the trial. 

The combination of the questionnaire and interview was 100% accurate for this 

question in both the validation study and the economic evaluation, but the process was 

inefficient, likely leading to longer interviews than necessary.  
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7.5 Economic evaluation alongside the MOA Trial 
Chapter 5 contributed to this thesis by defining the methodology for the economic 

evaluation reported in Chapter 6. The methodology described in Chapter 5 was planned 

before blinding to group allocation was removed. This was done in order to remove 

bias with respect to the decisions made for the economic analyses. In particular, the 

decisions with respect to which sensitivity analyses were conducted were important to 

make in the protocol phase otherwise the analysis of subgroups may be viewed as ‘data 

fishing’ for positive findings.  

 

The economic evaluation in Chapter 6 reported on physiotherapy treatments that were 

cost effective relative to usual care given particular circumstances. From the 

perspective of society, manual therapy cost less than usual care at 1 year. At 1 year, all 

three of the evaluated physiotherapy programmes for managing hip or knee OA led to 

increased costs from the perspective of the New Zealand health system, and exercise 

and combined therapy led to increased costs from the perspective of society. In most 

scenarios, all three evaluated physiotherapy programmes produced improvements in 

outcomes relative to usual care. Exercise therapy produced greater improvements in 

QALYs relative to the other treatments, and manual therapy produced greater 

improvements on the WOMAC index relative to the other treatments. It is possible that 

the exercise therapy and manual therapy treatment programmes produced differential 

effects on general health and disease-specific health. QALYs were significantly 

increased for exercise therapy relative to usual care at 1 year, whereas other differences 

in outcomes in this report did not reach statistical significance in the base case 

scenarios. Both exercise therapy and manual therapy demonstrated high probabilities of 

cost effectiveness relative to usual care, depending on the perspective, outcome, and 

sample, whereas the combined therapy did not. However, usual care was most cost 

effective at low WTP-per-QALY threshold values.  

 

The MOA trial exercise and manual physiotherapy programmes are the first 

individually supervised physiotherapy programmes to be considered cost effective 

relative to usual care in treating patients with hip or knee OA. Other physiotherapy 

programmes that considered one-on-one treatments did not meet conventional 

standards of cost effectiveness (Pinto et al., 2012). The OARSI recommendations show 
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that referral to a physiotherapist for instruction in exercise is highly recommended but 

based on little research evidence. The findings from this research show that an 

individually supervised exercise programme is cost effective. Furthermore, the 

findings, with respect to differential effects of the treatment programmes, are 

particularly interesting and may have implications for identifying subgroups of 

individuals who would benefit from the different therapies. The MOA exercise therapy 

programme produced greater improvements in function relative to the other treatments. 

Perhaps individuals with OA who have greater complaints of functional decline, as 

opposed to pain, should be directed to an exercise-based physiotherapy programme. 

The MOA manual therapy programme had its greatest impact on the pain subscale of 

the WOMAC, therefore those with higher pain complaints may find this treatment 

more beneficial. 

 

The results from Chapter 6 compare favourably with those reported in the systematic 

review. A league table (Table 7.1) is designed to assist decision-makers with respect to 

the allocation of resources. The studies reporting the cost effectiveness ratios listed all 

used the QALY as a health outcome, and the comparator in each study was usual care 

or a ‘do nothing’ alternative (Richardson et al., 2006, Torrance et al., 2002). All 

monetary values are in 2009 New Zealand dollars, thus enabling direct comparisons.   

In this table it can be seen that MOA Trial treatments are among the more cost effective 

treatments for managing hip and knee OA. 
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Table 7.1 Cost per QALY league table for treatments used for osteoarthritis 

Intervention*  Cost per QALY 
gained† 

Time horizon, perspective, comments 

Total hip arthroplasty Dominates Lifetime, future costs discounted at 6% (Chang et al., 1996). 

Class-based exercise  Dominates  1 year, health sector and social care; ~70%‡ (Richardson et al., 2006).  

Water-based exercise Dominates 1 year, societal, no baseline assessment; ~70%‡ (Cochrane et al., 2005). 

MOA Trial manual therapy  Dominates  1 year, societal, all participants/subsample with no joint replacement surgery during the trial; 57%‡/87%‡. 

MOA Trial exercise therapy  $5680 1 year, societal, subsample with no replacement surgery during the trial; 79%‡. 

Hyaluron (Hylan G-F 20) $16 248  1 year, sensitivity analysis low QALY gain (0.025): 45 818 per QALY gain (Torrance et al., 2002). 

Non steroidal anti-inflammatories $21 499 1 year, adjusted for excess morbidity and mortality (Segal et al., 2004). 

Total knee arthroplasty  $30 918  Lifetime, future costs and effects were discounted at 3% (Losina et al., 2009). 

MOA Trial exercise therapy  $36 588 1 year, societal, all participants; 55%‡. 

MOA Trial exercise therapy  $40 027 1 year, New Zealand health system, subsample with no replacement surgery during the trial; 74%‡. 

MOA Trial exercise therapy  $44 058 1 year, New Zealand health system, all participants; 61%‡. 

Cyclooxegenase-2 inhibitor $47 297 1 year, adjusted for excess morbidity and mortality (Segal et al., 2004). 

Glucosamine sulphate  $50 420  Lifetime horizon and discounted at 3.5%; 50%‡ (Black et al., 2009). 

MOA Trial manual therapy  $59 457 1 year, New Zealand health system, all participants; 50%†.  

MOA Trial manual therapy  $83 706 1 year, New Zealand health system, subsample with no joint replacement surgery during the trial, 27%‡.  

Behavioural-graded activity $100 201  1 year, societal, costs saved per QALY lost (Coupe et al., 2007). 

ESCAPE knee pain programme Dominated 6 month, health care perspective; 38%‡ (Hurley et al., 2007b). 
Arthritis self-management Dominated  1 year, societal; ~20%† (Patel et al., 2009). 

* All studies have usual care or a ‘do nothing’ alternative as a comparator 
† Values are in 2009 New Zealand dollars   ‡Probability of cost effectiveness at $58 298 (GDPx2)
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 Strengths and limitations of the economic analysis 7.5.1
7.5.1.1 Strengths  

 

The economic analysis alongside the MOA Trial was governed by principles of best 

practice (Ramsey et al., 2005). This included use of a pragmatic trial design, usual care 

as a comparator, a time horizon appropriate for the intervention (Drummond et al., 

2003), and multiple imputation to address missing and censored data. The WTP 

thresholds chosen were those recommended by WHO (WHO, 2010) and GDPx2 was 

highlighted as a threshold common for decision-making in New Zealand (Hirth et al., 

2000). Additionally, the instrument used to collect cost data was validated in a New 

Zealand population (Pinto et al., 2011b), and costs were considered from multiple 

perspectives. As recommended by Ramsey and colleagues, the imputed (intention to 

treat) analysis was used for the primary analysis, and the analysis addressed sampling 

uncertainty, parameter uncertainty, and imputation uncertainty (Ramsey et al., 2005).  

 

Sensitivity analyses are essential components of an economic analysis, but they have 

some limitations which have potential to cast doubt on their usefulness in a given 

analysis. According to Drummond and colleagues, the choice of sensitivity analysis has 

three major limitations (Drummond et al., 2005b): 1) analysts choose which sensitivity 

analyses to perform, which may result in selection bias, 2) interpretation of sensitivity 

analyses may be arbitrary, 3) variation of parameters one at a time may not capture 

their interaction. A particular strength of the economic analysis in this thesis was the 

manner with which the limitations of sensitivity analyses were handled. 

 

The candidate was particularly concerned about performing a biased sensitivity 

analysis after seeing examples in the OA literature in which it appeared the sensitivity 

analysis was constructed in a manner that did not challenge the ICER estimate 

(Reinhold et al., 2008). In addition to the pre-specified sensitivity analyses, which were 

primarily chosen to ensure that the cost items reflected national price weights (Pinto et 

al., 2011a), the dataset was analysed to determine which cost components contributed 

most to the cost estimate. Health sector costs made up the largest proportion of costs, 

therefore increasing and decreasing these costs (as in the pre-specified analysis) were 

justified. From the societal perspective, the second most influential costs were 
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productivity costs. Productivity costs were reported separately and were completely 

removed in one of the sensitivity analyses in order to assess their influence on the cost 

estimate and on the ICER. When productivity costs were removed from the analysis, 

manual therapy treatment relative to usual care was no longer cost saving.  

 

The second potential limitation with respect to sensitivity analyses is the lack of 

interpretation of a sensitivity analysis (Drummond et al., 2005b). No guidelines are 

available to indicate the amount of variance necessary in order to determine if a 

sensitivity analysis is robust. The sensitivity analyses used in the economic analysis in 

this thesis were supported by sound rationale. The main analysis used an imputed 

dataset, but a complete case analysis was also reported. The cost items and the 

percentages of variance were chosen based on their ability to represent national price 

weights, which are recommended by Glick and colleagues (Glick et al., 2007). 

Estimates of the ICER were presented with and without productivity costs, and a highly 

influential co-intervention (total joint replacement) was removed from the analysis in 

order to assess its impact on the ICER. In this way, the most influential factors were 

considered during the sensitivity analysis in order to challenge the robustness of each 

ICER estimate.   

 

The third potential limitation of sensitivity analyses is that varying one parameter at a 

time carries the risk that the interaction between the uncertain parameters will not be 

assessed. All sensitivity analyses were one-way analyses, therefor the uncertainty 

possible between parameters was not captured. However, each sensitivity analysis 

scenario was carefully chosen, and in order to assess the impact of each scenario, the 

point estimate and measures of sampling uncertainty were recalculated for each 

scenario. Therefore, for each scenario, decision-makers will be able to see how the 

change not only impacts the ICER estimate, but how it changes the resulting 

confidence intervals and the probability of cost effectiveness for each treatment.  

 

7.5.1.2 Limitations 

In their discussion on sample size and power, Glick and colleagues note that a large 

sample size is required to show good value for money when assessing an intervention 

that, when most effective, results in lower health care costs (Glick et al., 2007, p.195). 

The MOA Trial interventions fall into this treatment category; if successful, high costs 
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such as productivity losses are avoided. As with many other economic evaluations 

carried out alongside RCTs, the trial was powered on the primary health outcome, i.e. 

the WOMAC and not on costs. Therefore, the trial was underpowered for the economic 

evaluation. Later in this chapter, the effect of power on the policy debate will be 

discussed. 

 

A limitation of the economic study was the use of OA-related costs only. Ideally the 

consideration of OA-related costs would have been a sensitivity analysis in a study that 

captured all health care costs. The decision to capture OA-related costs was made in 

order to have less variability in the cost estimate. For example, one participant had a 

stroke during the trial, which can be associated with very high costs given the length of 

stay in the hospital and need for inpatient rehabilitation services. The decision to 

exclude these costs is understandable to most readers as it is unlikely that the two 

conditions are related or that these costs were incurred as a result of the MOA Trial 

interventions.  

 

However, the line dividing what is and is not disease-related is not very clear. Perhaps 

the participant’s OA caused a substantial decrease in activity increasing the likelihood 

of cardiovascular compromise. It has been well documented that spending time on the 

waitlist for joint replacement surgery decreases an individual’s HRQoL (Desmeules et 

al., 2009, Mascarenhas, 2009, Tuominen et al., 2007), although to what degree this is 

related to cardiovascular compromise is debatable. Other decisions are even less clear, 

including what percentage of a health visit should be counted if it was divided between 

OA and diabetes management, for example. To make these choices clear, precise 

definitions were created for the identification of OA-related health care use. These 

definitions helped participants recall disease-specific visits accurately when compared 

with an application of the same definitions to databases (Pinto et al., 2011b). Although 

not considered ideal, most economic studies in this area of research have used OA-

related costs enabling greater comparability between studies.  

 

In the introduction to economic evaluation in Chapter 2, two-part models were briefly 

mentioned as potential multivariate models for use in the analysis of cost data. Two-

part models are recommended for use in datasets that contain a substantial proportion 

of participants with zero costs (Mullahy, 1998, Polsky and Glick, 2009). Although 
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there appears to be no clear definition of what ‘substantial’ means when considering 

zero costs, examples in the literature show two-part models being used in datasets 

where roughly 25% of the participants have zero costs (Liu et al., 2010, Zhang et al., 

2006). This was not the case in the MOA Trial dataset where at most only 5% of the 

participants had zero costs.  

 

In hindsight, a two-part cost model could have been considered for another reason. 

Two-part models have been recommended to factor provider profiling, the effect of 

individual providers on health care delivery and outcomes in cost models (Robinson et 

al., 2006, Liu et al., 2010). The cost model included in Chapter 6 contained important 

covariates for the prediction of cost, but the referring physician was not included. In 

leaving the referring physician out of the model, the relationship between the 

physician-specific likelihood of incurring cost and physician-specific level of actual 

costs incurred was not captured (Liu et al., 2010). It could have been that higher costs 

were clustered around a particular referring physician; however, this information was 

not captured. In New Zealand, priority for joint replacement surgery has been 

influenced by factors such as the content of referral letters from general practitioners 

and use of private outpatient assessment (Derrett, 2005).  

 

Recently, a new prioritisation scheme was introduced for access to publically funded 

hip or knee joint replacement surgery in New Zealand, the National Clinical Priority 

System (MoH, 2007). This system determines priority for joint replacement in the 

public system across five major groupings of symptoms and functional limitations. 

Each grouping has 3-5 levels defining level of need, the impact of disability, and 

anticipated benefit. Points for each level were determined by asking New Zealand 

orthopaedic surgeons, through use of 1000Minds conjoint analysis software, which 

combination of attributes would result in an individual having highest priority for 

surgery (MoH, 2007). The points allocated to each grouping reflect the consensus 

decision of all surgeons who participated. This scoring system was in effect during the 

time of the MOA Trial, and it may have decreased the potential impact of physician-

level clustering at the level of the referring physician. 
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7.6 MOA Trial results relative to findings from systematic review 
The systematic review findings in Chapter 3 concluded that the non-surgical, non-

pharmacologic therapy showing the best value for money in patients with hip or knee 

OA was class-based exercise for patients with knee OA (Richardson et al., 2006). The 

New Zealand health system perspective most closely matches the perspective used by 

Richardson and colleagues. The largest difference between the two perspectives is that 

the New Zealand health system perspective included private hospital costs. Although 

not similar in all groups, private costs were very similar in the exercise therapy and 

usual care groups, essentially cancelling them out. Exercise, relative to usual care, from 

the New Zealand health system perspective, is likely the most similar intervention to 

the class-based exercise programme. It also had the highest probability of cost 

effectiveness from the New Zealand health system perspective, 61%. Table 7.2 

compares the MOA Trial exercise programme with the class-based programme 

reported by Richardson and colleagues. Both of these programmes add support for the 

use of trained physiotherapists in a one-on-one format or a group format. The class-

based treatment had the more cost effective point estimate of the two treatments 

because of the relatively low cost of the intervention, but the MOA exercise 

programme had a larger treatment effect. It is interesting to consider the potential trade-

offs of group versus one-on-one formats. The MOA Trial delivered in a group format 

would certainly reduce the cost of the intervention, but it is unknown how it would 

impact on the effect size of the programme. Future research of the MOA Trial 

programmes should consider different delivery methods. 
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Table 7.2 Comparison of the MOA Trial exercise programme to Richardson et al.’s class-
based programme 

 MOA Trial programmes Class-based exercise 

Participants and indication for 
OA 

206 patients with hip or knee 
OA from primary and 
secondary care settings. Met 
American College of 
Rheumatology Criteria. 

214 patients with knee OA 
from primary and secondary 
care settings. Met American 
College of Rheumatology 
Criteria, radiographic evidence 
of knee OA 

Design and interventions 1-year pragmatic design, 
individually supervised 
physiotherapy treatments of 
manual therapy, exercise 
therapy or combined 
treatment, 7 visits + 2 booster 
session vs usual care 

1-year pragmatic design, 
physiotherapist led class-based 
exercise, 12 participants per 45 
minute class, 2 × week for 8 
weeks + home exercise, 
difficulty increased at 4 and 8 
weeks vs home exercise 

Incremental QALY per person Exercise therapy 0.03 0.025 

Analysis perspective New Zealand health system  NHS and social services sector 

Incremental cost per QALY  Exercise therapy $44 058  Cost saving 

Probability of cost 
effectiveness 

61% 70% 

 

 

7.7 Implications for health policy 
One of the main reasons for undertaking this type of research is to contribute to the 

policy debate (Glick et al., 2007). Glick and colleagues outline nine attributes of a 

clinical trial that make it more likely to influence the policy debate: 1) adopt a cost 

effective comparator; 2) adopt a final outcome measure such as the QALY; 3) enrol a 

representative sample of the patient population who will use the therapy; 4) adopt a 

sufficiently long follow up; 5) enrol a sufficient number of participants to adequately 

power the trial; 6) collect data on a broad set of medical services; 7) do not overly 

prescribe medical care; 8) collect data to assess/improve transferability; 9) observe a 

sufficiently large treatment effect. When considering this list, the factors that may 

threaten the impact of the study reported in Chapter 6 include the representativeness of 

the population sample, the lack of power, and an insufficiently large treatment effect.  

 

The sample in the MOA Trial does not reflect the whole of New Zealand with respect 

to the representation of minority groups, in particular there were very few Māori and 

Pacific Islanders included as participants in the trial. This may threaten the applicability 
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of these findings to New Zealand health policy, but the threat to the policy debate is 

whether the trial sample represents the patient population likely to use the therapy 

(Glick et al., 2007). This poses an interesting question about whether the minority 

populations of New Zealand, which were under-represented in the MOA Trial, are 

likely to use the treatment. The answer to this question may be based on a combination 

of treatment preferences and availability of health care services to these populations. 

Although this topic would be suitable for a thesis in its own right, a brief consideration 

of it is warranted. The Māori population is New Zealand's largest minority ethnic 

group, and factors such as lower socioeconomic status are common both to the Māori 

population and the underutilisation of physiotherapy services (Morris, 2010). Māori 

also have cultural differences with respect to the utilisation of one-on-one treatments 

and place a lower value on these services as opposed to their New Zealand European 

counterparts (Turia, 2009). Both of these factors increase the likelihood that the trial 

sample reflects the patient population that is most likely to use the therapy, 

predominantly New Zealand Europeans.  

 

The lack of power and insufficiently large treatment effect are both factors that are 

likely to negatively affect the policy impact of this research. When considering the full 

sample and the New Zealand Health System costs, the interventions increased cost and 

increased effect; however, the sample size was not large enough to produce confidence 

intervals that would instil conventional levels of confidence in any claims of cost 

effectiveness. On account of the sample size and lack of power, the caution that must 

be taken with the results from Chapter 6 is that the ‘absence of evidence’ is not 

mistaken for ‘evidence of absence’.  

 

The estimate of effect size in Chapter 6 was small, with the greatest effect being 0.025 

QALYs for exercise therapy relative to usual care. The difference was significant but 

may not be clinically meaningful. When considering the meaningfulness of HRQoL 

enhancing interventions and their ability to impact the policy debate, Glick et al have 

suggested that smaller effect sizes could still be meaningful as long as they are 

sustained annually and are associated with low costs (Glick et al., 2007). Although a 

one-year time horizon is suggested for conservative interventions in the management of 

OA, and was used in this study, the results of the economic study do not allow for a 

direct consideration of whether the treatment’s effect is sustainable. This question will 
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be better answered following the two-year follow up of the MOA Trial results and with 

the use of decision modelling techniques.  

 

The MOA Trial interventions resulted in higher costs than usual care in most scenarios 

leading to ICER estimates at the high end of the decision-making threshold. When 

considering the attributes that make it more likely to influence the policy debate, it is 

unlikely that the results of the economic study reported in Chapter 6 could be used in 

isolation to impact the policy debate. However, this does not preclude their use in 

addition to other evidence for the conservative management of hip and knee OA.  

 

7.8 Future research 
There remain substantial gaps in the literature with respect to non-surgical, non-

pharmacologic treatments in the management of hip and knee OA. For example, the 

recommendation that individuals should be referred to a physiotherapist is based on 

expert opinion only. Relative to general practitioners, there is evidence that 

physiotherapists have more positive attitudes toward the therapeutic value of exercise 

for the management of patients with hip or knee OA (Poitras et al., 2010). Further 

research is needed to identify whether the current primary access point for many 

patients with OA into the health care system (most often GPs) is creating a barrier to 

appropriate treatment. More RCTs are also needed to identify optimal exercise 

parameters including which exercises to recommend and to what degree a highly 

trained health professional is needed. A similar research focus is needed for manual 

therapy treatments. Economic evaluations comparing the most effective programmes to 

usual care, and against each other, will be able to determine their relative efficiency. 

The most suitable evaluation type is likely to be a cost consequences analysis, as in this 

thesis, because the interventions are complex and will show changes across a range of 

economic and clinically relevant outcome measures.  

 

Many projects can stem from the research in this thesis, including determining a 

relationship between commonly used intermediate outcomes such as the WOMAC 

index and final outcomes as suggested in Chapter 6. Two other projects discussed 

earlier in this chapter include applying the systematic review to the suggestions by 

Anderson (Anderson, 2010) and modifying and validating the OCC-Q. As discussed 
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next, at least three projects can arise from the findings in this thesis that can fill gaps in 

the literature and assist decision-makers with respect to policy decisions in New 

Zealand.  

 

 Two-year results from the MOA Trial 7.8.1
The MOA Trial continued for a second year and the two-year outcomes will include 

cost and health outcomes (Abbott et al., 2009). The economic analysis at two years will 

be a natural extension of the findings from this thesis. The two-year cost and effect data 

will need to be combined with the findings from Chapter 6. The majority of methods 

and decisions with respect to the analysis of the two-year results can be directly applied 

from Chapters 5 and 6. One difference in methodology will be the need for adjustments 

on account of inflation and differential in timing for the two-year cost and effect data. 

This was not necessary in this thesis because of the one-year time horizon. Because 

health service use was recorded via the OCC-Q for the MOA Trial (Chapter 4, 

validation study for OCC-Q), 2009 prices can be applied to the data at the two-year 

time point, and there will be no need to adjust for inflation. If 2010/2011 costs are 

collected then they must be adjusted for inflation down to 2009 prices.  

 

Irrespective of whether inflation needs to be accounted for, all cost and effect data 

captured at the two-year time point will need to be adjusted to account for the time 

preference of costs and effect (further explanation on time preferences can be found in 

Chapter 2). Common discount rates for time preference are 3% and 5% per annum 

(Drummond et al., 2005b). With the results from the two-year follow up, the 

relationship between one and two-year follow up periods can be established, and this 

could aid in the 5-10 year projections of the cost effectiveness estimates. It would be 

particularly useful to determine whether the two-year time point is sufficiently long so 

that the cost effectiveness ratio would be asymptotically approaching the long term cost 

effectiveness ratio (Glick et al., 2007). With this information decision-makers can take 

more confidence in the decision to fund a therapy. 
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 Budget impact analysis 7.8.2
As indicated in Chapter 2, economic evaluations provide a framework for decision-

making. In Chapter 6, the costs and outcomes associated with the MOA Trial 

interventions were analysed and compared against usual care in order to answer 

coverage or reimbursement decisions. However, the economic evaluation framework is 

limited for use with budget planning, for forecasting, and for calculating the impact of 

the MOA Trial interventions on health insurance premiums in New Zealand. A Budget 

Impact Analysis (BIA) estimates how a change in the mix of interventions used to treat 

a particular health condition will impact the trajectory of spending on that condition. 

This enables a greater understanding of the relationship between the characteristics of 

local, regional, and national settings and the possible budget consequences of the MOA 

Trial interventions (Mauskopf et al., 2007). 

 

In their report on best practices for BIAs, Mauskopf and colleagues identify six 

elements requiring inputs for the BIA modelling framework (Mauskopf et al., 2007). 

The six elements and where much of these data can be obtained from this thesis are 

reported in Table 7.3. Much of this information must be supplemented to gain a clearer 

picture regarding these costs; however, this thesis establishes a good foundation from 

which this question can be studied. For example, an important consideration for a BIA, 

with respect to the size and characteristics of the effected population, is the 

consideration of the natural progression of OA. In Chapter 1, a known transition of 

health states within the hip and knee OA populations is identified. In general, over a 

period of several years, one-third of individuals with knee OA will improve, one-third 

will remain the same, and one-third will worsen. For individuals with hip OA, 

spontaneous recovery or a precipitous decline may occur within 1 to 5 years (NICE, 

2008). This transition of health states may affect the use of interventions, thereby 

impacting the spending on this condition. A BIA would add to the literature and aid in 

policy making with respect to budgeting decisions for the management of OA. 
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Table 7.3 Elements of a budget impact analysis 

Elements Location in thesis 

Size and characteristics of affected population Chapter 1 

Current intervention mix without the new intervention Chapters 1, 3 & 6 

Costs of current intervention mix Chapters 3, 4 & 6 

New intervention mix with the new intervention Chapters 1, 3 & 6 

Cost of the new intervention mix Chapters 4 & 6 

Use and cost of other health condition- and treatment-related health 
care services 

Chapter 6  

	  
 

 Priority setting model 7.8.3
In Chapter 3 of this thesis, physiotherapy and other non-pharmacologic treatments for 

the management of OA were considered as a subgroup of treatments for which patients 

and management guidelines give priority. Table 7.1 provides an initial comparison 

between competing interventions for the management of OA; however, league tables 

have been criticised for their potential to mislead (Mason et al., 1993). To address some 

of these limitations, the league table presented in this thesis was restricted to largely 

comparable studies, including like outcomes, and important considerations such as 

uncertainty have been included. This league table is still restricted because only 

economic studies were included. Many interventions for OA exist (see Chapter 1), and 

those treatments for which economic studies have not yet been performed are not 

represented. To this end, an evidence-based priority setting model, similar to the one 

produced by Segal and colleagues (Segal et al., 2004), can be developed for the 

efficient allocation of health care dollars on a regional and national level for the 

management of OA in New Zealand.  

 

Segal et al used the Health-sector-Wide (HsW) disease-based model (Segal et al., 2004, 

Segal and Mortimer, 2006). The disease-based model is an answer to the limitations 

associated with fragmented health sector programme budgets, which increase the 

likelihood that allocation and re-allocation of resources occur within, rather than 

between, programme budgets. Fragmented budgets create the risk of allocative 

inefficiency (Segal and Mortimer, 2006). The HsW model seeks to identify desirable 

resource shifts for the management of diseases throughout all stages of the disease. It 
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considers resource allocation across modality (medical, surgical, pharmaceutical, etc.) 

and disease-stage (primary prevention, early diagnosis, management of established 

disease, and end stage care/palliation) (Segal and Mortimer, 2006). Therefore, using the 

HsW model for the management of OA, resources can be shifted between orthopaedic 

surgery and exercise depending on the cost effectiveness of the interventions at a given 

stage in the disease.  

 

7.9 Summary  
Although little cost effectiveness evidence exists for the use of conservative 

interventions for managing hip and knee OA, in many instances, MOA Trial 

physiotherapy treatments were more cost effective than usual care in treating this 

condition at generally accepted WTP per QALY thresholds. This is the first study to 

assess the cost effectiveness of a manual physiotherapy programme for the treatment of 

OA, and this modality continues to show promise. The study findings in terms of cost 

effectiveness ratios are comparable with other economic studies assessing exercise 

treatments for the management of hip and knee OA. In combination with other studies, 

the findings in this thesis contribute to the growing body of evidence that supports 

exercise therapy as good value for money in the treatment of hip or knee OA. This 

thesis adds to the literature by demonstrating, in certain circumstances, the MOA Trial 

exercise and manual therapy programmes are good value for money in treating patients 

with hip or knee OA. The economic evaluation in this thesis provides support for 

further study in this area of research, with a focus on identifying the subgroups in 

which these interventions are most cost effective and each treatment’s budget impact 

under the conditions in which they demonstrate high levels of cost effectiveness. 
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Appendix	  2	  MOA	  Trial	  team	  and	  questionnaires	  

A2.1	  MOA	  Trial	  team	  
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Dr J Haxby Abbott Principal investigator University of Otago 
Professor G David Baxter Co-investigator University of Otago 
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evaluation 
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Sophia Leon de la Barra Statistician University of Otago 
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Research design and clinical 
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Martin Kidd Physiotherapist, interventions University of Otago 
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Jessica Smith Physiotherapist, interventions University of Otago 
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Advisor to PhD candidate Franklin Pierce College 
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A2.2	  Main	  set	  of	  questionnaires	  for	  health	  outcomes	  and	  

demographics	  
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A2.3	  Osteoarthritis	  Costs	  and	  Consequences	  

Questionnaire	  (OCC-‐Q)	  

  

*329234* *C26* *1*  Version 1.1 (2008-09-24)  
  329234 C26 1  

 

MANAGEMENT OF OSTEOARTHRITIS COSTS AND 
CONSEQUENCES QUESTIONNAIRE  

For this form please mark the circles and squares – do not circle or cross out options. 
Please do not fold or bend pages! 

 
 

CC0. Please fill in today’s date:  _  _  -  _  _  -  _  _  _  _  
  DD MM YYYY 
 
CC1. Are the healthcare costs of your hip or knee osteoarthritis being covered by ACC? (Mark ONE) 

!  Yes 

!  No 
 
CC2. Do you have any of the following?  (Mark ANY that apply) 

"  Medical insurance 

"  Community Services card 

"  High User card / High User status 
 
CC3. What is your source of income?  (Mark ANY that apply) 

"  Wage work / Salary 

"  Self-employed 

"  Government superannuation / pension 

"  ACC 

"  Living off savings 

"  Other – Please specify:  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  
 

Impact on Work 
CC4. Are you in paid work? (Mark ONE) 

!  Yes 

!  No 
 
 
* The results of the Management of Osteoarthritis Costs and Consequences Questionnaire are 

completely confidential. 
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CC5. If you are no longer in paid work is this because of your arthritis? (Mark ONE) 

!  Yes 

!  No 
 

*IF YOU ARE NOT WORKING YOU MAY SKIP THE REMAINDER OF THIS PAGE* 
 
CC6. If you are in paid work, is this work: (Mark ONE) 

!  Full time 

!  Part time 
 
CC7. Approximately how many hours do you work per week? (Mark ONE) 

"  0 – 10 hours 

"  11 – 25 hours 

"  26 – 40 hours 

"  More than 40 hours 
 
 
CC8. Approximately, what is the hourly pay rate for this work?  (Round to the nearest dollar) 

 $  _  _  _  per hour 

 If you don’t know the hourly rate, what is your salary per year? (Approximately) 

 $  _  _  _  _  _  _  per year 

 
CC9. How has your work been affected by your arthritis in the past month? (Mark ANY that apply) 

"  I took time off work in the last month (not including holidays) because of my arthritis 

! How many days did you take off?   _  _  

"  I worked fewer hours (not including holidays) because of my arthritis 

! How many hours less did you work?   _  _  

"  I restricted my work because of my arthritis 

! In what way? Please specify  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  
_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _   

 
CC9.1 Have you increased hours or responsibility at work as a result of participating in this research? 

!  Yes      

!  No 

 If yes, in what way?  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  
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Hip or Knee Replacement 

 
 
 
 
 
 
CC11. Since starting on the present research project, have you already had! (Mark ANY that apply) 

!  A right hip replacement? 

!  A left hip replacement? 

!  A right knee replacement? 

!  A left knee replacement? 

!  None of the above 
 
CC12. Since starting on the present research project, have you been placed on a waiting list for! 

(Mark ANY that apply) 
 

!  A right hip replacement? 

!  A left hip replacement? 

!  A right knee replacement? 

!  A left knee replacement? 

!  None of the above 
 

Hip or Knee Procedures 
 
CC13. What procedures have you had because of your arthritis in the past three months? (Mark ANY 

that apply) 

!  A right hip joint injection? 

!  A left hip joint injection? 

!  A right knee joint injection? 

!  A left knee joint injection? 

!  Other injections for arthritis? 

!  Other procedure for arthritis? If so, please specify:   

_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  
!  None of the above 
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Medications 

CC14. In the lists below (A, B & C), please mark which medications you have taken because of your 
arthritis in the past week. For these medications, please – if possible – specify if they were 
prescribed by a doctor, what dose they are and how much they cost. 

 
A.  Please indicate what medications (including over-the-counter medications and herbal 

supplements) were taken in the past week for your hip/knee arthritis. (Mark any that apply) 
 

Medication 
(Mark ANY that apply) 

Doctor’s 
prescription? 

Dose (mg)? How 
many 
per day? 

Cost (if any)? in $s/ 
number of months e.g. 
($75/3 mths) 

I take no prescribed 
medication for my hip or 
knee problems  

!      

Aspirin (e.g. Disprin)   

• Do not report if only 
using as a blood thinner 

!  
"  Yes 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 

Paracetemol (e.g. Panadol) !  
"  Yes 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 

Codeine, Dihydrocodeine, 
Dextropropoxyphene !  

"  Yes 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 

Paracetemol & Codeine mix 
(e.g. Panadeine, Codalgin) !  

"  Yes 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 

NSAID anti-inflammatories, 
e.g. Ibuprofen (e.g. 
Neurofen), Brufen, 
Diclofenac, Voltaren, 
Cataflam, Naproxen, 
Naprosyn, Infomethacin 

!  
"  Yes 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 

COX-2 inhibitors, e.g. 
Celecoxib, Celebrex, 
Etoricoxib, Arcoxia, 
Lumirocoxib, Prexige, 
Parecoxib, Dynastat 

!  
"  Yes 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 

Supplements, e.g. 
Glucosamine, Chondroitin !  "  Yes 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 

Any other painkillers? If so, 
please specify:  
_______________________ 
_______________________ 

!  
"  Yes 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 
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B. Please indicate what medications (including over-the-counter medications and herbal 

supplements) were taken in the past week for gastric (stomach) protection. (Mark any that 
apply). 

 
 

Medication 
(Mark ANY that apply) 

Doctor’s 
prescription? 

Dose (mg)? How 
many 
per day? 

Cost (if any)? in $s/ 
number of months e.g. 
($75/3 mths) 

I take no prescribed 
medications for 
gastrointestinal disorders 

!      

Pantoprazole (Somac) !  
"  Yes, 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 

Omeprazole (Losec, 
Omezol) !  

"  Yes, 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 

Ranitidine (Zantac) !  
"  Yes, 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 

Quickeeze !  
"  Yes, 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 

Other? If so, please specify:  
_______________________ 
_______________________ 

!  
"  Yes, 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 
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C. Please indicate what medications (including over-the-counter medications and herbal 

supplements) were taken in the past week to aid sleep/mood. (Mark ANY that apply) 
 

Medication 
(Mark ANY that apply) 

Doctor’s 
prescription? 

Dose (mg)? How 
many 
per day? 

Cost (if any)? in $s/ 
number of months e.g. 
($75/3 mths) 

I take no prescribed 
medications for help with my 
mood 

!      

Fluoxetine (Fluox) !  
"  Yes, 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 

Paroxetine (Loxamine) !  
"  Yes, 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 

Citalopram (Celepram) !  
"  Yes, 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 

Amitriptyline (Amitrip) !  
"  Yes, 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 

Other? If so, please specify:  
_______________________ 
_______________________ 

!  
"  Yes, 

"  No 
_  _  _  _  _  _  $ _  _  _  /  _  mth(s) 
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CC15. Has your use of medications for your arthritis changed in the past three months? (Mark 

ONE) 

!  Using much more 

!  Using somewhat more 

!  Using about the same 

!  Using somewhat less 

!  Using much less 

!  Not applicable, I don’t take medication for my arthritis 
 

 
 
CC16. Has your use of medications for your gastric protection changed in the past three months? 

(Mark ONE) 

!  Using much more 

!  Using somewhat more 

!  Using about the same 

!  Using somewhat less 

!  Using much less 

!  Not applicable, I don’t take medication for gastrointestinal disorders 
 
 
 
CC17. Has your use of medications for sleep/mood changed in the past three months? (Mark ONE) 

!  Using much more 

!  Using somewhat more 

!  Using about the same 

!  Using somewhat less 

!  Using much less 

!  Not applicable, I don’t take medication for my mood 
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Public Hospital Usage (for all conditions) 

CC18. Has an ambulance been called for you in the past three months? (Mark ONE) 

!  No 

!  Yes 

!  If so, please specify how many times? _  _  

! How many times did the ambulance take you to hospital _  _  
 
CC19. Have you been an in-patient (admitted to hospital overnight) in a public hospital in the past 

three months? (Mark ONE) 

!  No 

!  Yes 

! If so, please specify how many times? _  _  

! Please estimate the total number of days stayed: _  _  
 
CC20. Have you been a day patient (admitted to hospital for one day only, NO nights) in a public 

hospital in the past three months? (Mark ONE) 

!  No 

!  Yes 

! If so, please specify how many times? _  _  
 
CC21. Have you attended an outpatient (for an appointment at a hospital but not admitted) in a 

public hospital in the past three months? (Mark ONE) 

!  No 

!  Yes 

! If so, please specify how many times? _  _  

 
CC22. Have you visited an accident & emergency department (A&E, or ED) of a public hospital for 

your treatment in the past three months? (Mark ONE) 

!  No 

!  Yes 

! If so, please specify how many times? _  _  
 
CC23. Have you seen radiography / x-ray staff in a public hospital in the past three months? (Mark 

ONE) 

!  No 

!  Yes 

! If so, please specify how many times? _  _  
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Private Hospital Usage (for all conditions) 

CC24. Have you been an in-patient (admitted to hospital overnight) in a private hospital in the past 
three months? (Mark ONE) 

!  No 

!  Yes 

! If so, please specify how many times? _  _  

! Please estimate the total number of days stayed: _  _  
 
CC25. Have you been a day patient (admitted to hospital for one day only, NO nights) in a private 

hospital in the past three months? (Mark ONE) 

!  No 

!  Yes 

! If so, please specify how many times? _  _  
 
CC26. Have you attended an outpatient (for an appointment at a hospital but not admitted) in a 

private hospital in the past three months? (Mark ONE) 

!  No 

!  Yes 

! If so, please specify how many times? _  _  
 
CC27. Have you seen radiography / x-ray staff in a private hospital in the past three months? (Mark 

ONE) 

!  No 

!  Yes 

! If so, please specify how many times? _  _  
 
 

Specialist Health Services 

 
CC28. How many visits have you made to an orthopaedic surgeon because of your arthritis, in the 

past three months? (Please place a zero if you had none) _  _  
 
CC29. How many visits have you made to a rheumatologist because of your arthritis, in the past 

three months? (Please place a zero if you had none) _  _  
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Community Services 

CC30. Please indicate if you have used any of the following services because of your arthritis in the 
past three months and if so, how many times. (Mark ANY that apply) 

 

 Mark any that 
apply: 

No. of visits? Cost to you per visit (if 
any) in dollars 

District Nurse !  _ _  $ _  _  _  

Health visitor !  _ _  $ _  _  _  

Home help / Carer !  _ _  $ _  _  _  

House cleaner !  _ _  $ _  _  _  

Meals on wheels !  _ _  $ _  _  _  

Social worker !  _ _  $ _  _  _  

Day care / Rehabilitation !  _ _  $ _  _  _  

Helper from a voluntary 
organisation !  _ _  $ _  _  _  

Other !  _ _  $ _  _  _  

I do not use any health related 
community services !    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Continue on page 11 
 



	  

 
 

266	  

 
  

*329234* *C26* *11*  Version 1.1 (2008-09-24)  
  329234 C26 11  

 

Other Medical Services 
CC31. Please indicate if you have visited any of the following services because of your arthritis in the 

past three months and if so, how many times and the cost per visit. (Mark ANY that apply) 
 

 Mark any that 
apply: 

No. of visits? Cost to you per visit (if 
any) in dollars 

General practitioner (GP)  
- Including routine visits 

!  _ _ _  $ _  _  _  

Practice nurse/ Specialist nurse !  _ _ _  $ _  _  _  

Physiotherapist* !  _ _ _  $ _  _  _  

Occupational therapist !  _ _ _  $ _  _  _  

Osteopath !  _ _ _  $ _  _  _  

Chiropractor !  _ _ _  $ _  _  _  

Massage therapist !  _ _ _  $ _  _  _  

Rest home care / respite care !  _ _ _  $ _  _  _  

Complimentary / alternative 
health care workers 
(e.g. Homeopath, Naturopath, 
Feldenkrais teacher, Alexander 
technique teacher, Herbalist, 
Aromatherapist, Traditional 
Chinese medicine practitioner, 
Spiritual leader, Maori 
traditional healer i.e. Rongoa or 
Tohunga, Pacific traditional 
healer.) 

!  _ _ _  $ _  _  _  

Other? If so, please specify: 
_________________________ 
 

!  _ _ _  $ _  _  _  

I do not use any medical 
services for osteoarthritis !    

 
* Please only report physiotherapist visits attended outside of this trial, i.e. NOT as a trial participant. 
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Aids and Adaptations 

CC32. Have you purchased or been prescribed aids (bath/toilet aids, walking sticks etc.) to help with 
your arthritis in the past 3 months? (Mark ANY that apply) 

!  Walking sticks 

!  Walker (walking frame) 

!  Reacher (helping hand) 

!  Toilet grab bar / toilet frame 

!  Shower chair 

!  Sock aide 

!  Other. If so, please specify:  

_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _   

_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  
!  No, none purchase or prescribed 

 
CC33. Have you made adaptations to your home or lifestyle (stopping paid work, more frequent taxi 

usage, installing chair lifts etc.) because of your arthritis in the past 3 months? (Mark ONE) 

"  No 

"  Yes 
! If so, please indicate what adaptation(s) you have made and the estimated cost: 

_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _   

_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  
_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  

 

 

Personal and friends or family costs associated with your arthritis 

CC34. Have you incurred personal costs (time off work, car parking fees etc.) associated with 
hospital or health professional visits in the past 3 months? Please do not include travel costs. 

"  No 

"  Yes 
! If so, please describe what these costs are (time off work, car parking fees etc.): 

_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _   

_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _   

! Please estimate the cost to you per visit: $_  _  _  
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CC35. Have you incurred travel costs (mileage, public transport etc.) associated with hospital or 

health professional visits in the past 3 months?  

!  No 

!  Yes 

! If so, please estimate the cost to you per visit (a return trip): $_  _  _  

! If using a car, please give the approximate return mileage: _  _  _  km 
 
 
CC36. Have your friends or family incurred costs (time off work, car parking fees etc.) associated 

with accompanying you on hospital or health professional visits in the past 3 months? Do not 
include travel costs.   

!  No 

!  Yes 
! If so, please describe what these costs are: 

_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _   

_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _   

! Please estimate the cost to your friends or family per visit: $_  _  _  
 

CC37. Have your friends or family incurred travel costs associated with accompanying you on 
hospital or health professional visits in the past 3 months? 

!  No 

!  Yes 
! If so, please estimate the cost to your friends and family per visit (a return trip):    

$_ _  _  

! If using a car, please give the approximate return mileage: _  _  _  km 
 
 
CC38. If there are other costs or consequences of your arthritis, or if you have any comments you 

would like to share with us regarding any aspect of the Management of Osteoarthritis research 
project, please provide them in the space below. 

_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _   

_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  
_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  
_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _   

_  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  

Thank you for filling in this questionnaire and 
participating in our programme.  
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Appendix	  3	  Results	  

A3.1	  Search	  strategy	  for	  systematic	  review	  

 

Medline 

Database: Ovid MEDLINE(R) 1950 to October 2010 

Search Strategy: 

1. (costs or cost effective or economic).tw. 

2. *Arthritis/ 

3. exp Osteoarthritis/ 

4. arthrosis.mp. 

5. osteoarthrosis.mp. 

6. 2 or 3 or 4 or 5 

7. exp Hip/ 

8. exp Knee/ 

9. 7 or 8 

10. 6 and 9 

11. coxarthrosis.mp. 

12. exp Osteoarthritis, Hip/ 

13. exp Osteoarthritis, Knee/ 

14. 10 or 11 or 12 or 13 

15. 1 and 14 

16. cost$.mp. 

17. 1 or 16 

18. 14 and 17 

309 records  
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Embase  

Database: EMBASE <1988 to October 2010> 

Search Strategy: 

1.  (costs or cost effective or economic).tw.  

2. *Arthritis/  

3. exp Osteoarthritis/  

4. arthrosis.mp.  

5. osteoarthrosis.mp.  

6. 2 or 3 or 4 or 5  

7. exp Hip/  

8. exp Knee/  

9. 7 or 8  

10. 6 and 9  

11. coxarthrosis.mp.  

12.  exp Osteoarthritis, Hip/  

13.  exp Osteoarthritis, Knee/  

14. 10 or 11 or 12 or 13  

15. 1 and 14  

16. cost*.mp.  

17. 1 or 16  

18. 14 and 17  

645 records 

National Health Service Economic Evaluations Database (NHS EED) – (inception- 

October 2010) 

(osteoarthritis OR arthralgia OR arthritis OR arthrosis) AND (hip OR knee) 

85 records 

Pubmed - (inception – October 2010) 
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(“Osteoarthritis, Knee”[Mesh] OR “Osteoarthritis, Hip”[Mesh]OR “arthralgia”[Text 

Word] OR “arthrosis”[Text Word] OR “arthralgia”) AND “costs and cost 

analysis”[MeSH Terms] OR “economics”[MeSH Subheading] OR (“cost-

effective”[Text Word] OR “cost-effectiveness”[Text Word]) AND (hip OR knee) AND 

(osteoarthritis OR arthritis OR arthrosis OR arthralgia OR coxarthrosis OR 

osteoarthrosis) 

542 records 

Cochrane Central Register of Controlled Trials (CENTRAL) – (inception- October 

2010) 

(osteoarthritis OR arthralgia OR arthrosis OR arthritis OR coxarthrosis) AND (hip OR 

knee) AND (costs OR cost effective OR economic OR cost*) 

94 records  

EconLit – (inception- October 2010) 

(hip or knee) AND (osteoarthritis OR arthritis OR arthrosis OR arthralgia OR 

coxarthrosis OR osteoarthrosis) 

3 records 

OpenSIGLE – (inception- October 2010) 

(Cost OR costs OR costs effective OR economic) AND (hip OR knee) and 

(osteoarthritis OR arthritis OR arthrosis OR arthralgia OR coxarthrosis OR 

osteoarthrosis) 

68 records
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A3.2	  Operationalisation	  of	  Internal	  Validity	  Checklist	  

Risk of bias assessment Operationalisation 

Was the method of 

randomisation adequate? 

A random (unpredictable) assignment sequence. 

Examples of adequate methods are computer generated 

random number table and use of sealed opaque 

envelopes. Methods of allocation using date of birth, 

date of admission, hospital numbers, or alternation 

should not be regarded as appropriate. 

Was treatment allocation 

concealed? 

Assignment generated by an independent person not 

responsible for determining the eligibility of the patients. 

This person has no information about the persons 

included in the trial and has no influence on the 

assignment sequence or on the decision about eligibility 

of the patient. 

Were groups similar at 

baseline regarding most 

important prognostic 

indicators? 

In order to receive a “yes,” groups have to be similar at 

baseline regarding demographic factors, duration and 

severity of complaints, percentage of patients with 

neurologic symptoms, and value of main outcome 

measure(s). 

Was patient blinded to 

intervention? 

The reviewer determines if enough information about the 

blinding is given in order to score a “yes.” 

Was care provider blinded 

to intervention? 

The reviewer determines if enough information about the 

blinding is given in order to score a “yes.” 

Was the outcome assessor 

blinded to intervention? 

The reviewer determines if enough information about the 

blinding is given in order to score a “yes.”* 

Were co-interventions 

avoided or similar? 

Co-interventions should either be avoided in the trial 

design or similar between the index and control groups. 

Was compliance 

acceptable in all groups? 

The reviewer determines if the compliance to the 

interventions is acceptable, based on the reported 

intensity, duration, number and frequency of sessions for 
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both the index intervention and control intervention(s). 

Was the drop-out rate 

described and acceptable? 

The number of participants who were included in the 

study but did not complete the observation period or 

were not included in the analysis must be described and 

reasons given. If the percentage of withdrawals and 

drop-outs does not exceed 20% for short term follow up 

and 30% for long term follow up and does not lead to 

substantial bias a “yes” is scored. (N.B. these 

percentages are arbitrary, not supported by literature). 

Was the timing of the 

outcome assessment in all 

groups similar? 

Timing of outcome assessment should be identical for all 

intervention groups and for all important outcome 

assessments. 

Did the analysis include 

an intention to treat 

analysis? 

All randomised patients are reported/analysed in the 

group they were allocated to by randomisation for the 

most important moments of effect measurement (minus 

missing values) irrespective of noncompliance and co-

interventions. 

* In most studies assessors were reported to be blind to group allocation. However, in all 
studies participants were not blind to group allocation and used self-reported outcome 
measures, therefore assessor blinding was scored as unmet for all studies 
Adapted from van Tulder et al. Spine. 2003:28(12);1290-1299   
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A3.3	  Quality	  of	  Health	  Economic	  Studies	  (QHES)	  

instrument	  scoring	  guide	  

 

1. Was the study objective presented in a clear, specific, and measurable manner? 

*This need not be in one statement but may be a combination of statements 

throughout the article 

2. Were the perspective of the analysis (societal, third-party payer, etc.) and 

reasons for its selection stated? 

*This need not be in one statement but may be a combination of statements 

throughout the article  

-‐ Score a “yes” if the perspective was stated and you agree with the authors that the 

perspective stated matches the cost and consequences inputs used in the analysis. 

Reasons for perspective should be given if it is any perspective other than a societal 

perspective. The societal is the broadest perspective recommended for the “reference 

case”, an explanation for its use is not necessary. 

3. Were variable estimates used in the analysis from the best available (i.e. 

randomised control trial - best, expert opinion - worst)? 

-‐ The final item of the risk of bias assessment (the identification of studies as high or 

low risk of bias) was used to score this item: studies considered high risk were 

scored as 0, low risk were scored as 8.
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-‐  

4. If estimates came from a subgroup analysis, were the groups pre-specified at 

the beginning of the study? 

-‐ Score a “yes” if subgroup analyses were specified in a protocol, statistical analysis 

plan, or study concept document of the health economic analysis and referenced in 

the manuscript. 

-‐ Score “yes” if estimate came one source pre-specified at the beginning of the study 

or if no subgroup analysis was performed  

-‐ Score a “no” if there is no indication that the subgroup analysis was anticipated prior 

to the start of the economic evaluation 

5. Was uncertainty handled by (1) statistical analysis to address random events, 

(2) sensitivity analysis to cover a range of assumptions?  

-‐ Score a “yes” if statistical analysis was used to address sampling variation AND 

sensitivity analysis covered more than one assumption 

7. Was incremental analysis performed between alternatives for resources and 

costs? 

-‐ Score “yes” if the costs and benefits of each intervention were presented as the 

differences between the intervention and the comparator. If more than one 

intervention is studied and they are not all dominated by usual care the differences 

between each intervention should be presented 

8. Was the methodology for data abstraction (including the value of health states 

and other benefits) stated? 

-‐ Score “yes” if value of health states (including questionnaire used to value health 

states) and/or other benefits were stated 



	  

 
 

276	  

9. Did the analytic horizon allow time for all relevant and important outcomes? 

Were benefits and costs that went beyond 1 year discounted (3% to 5%) and 

justification given for the discount rate? 

-‐ Score “yes” if (a) and (b) are both satisfied:  

a. The analytic time used for this review was 1 year period as this is the time frame 

recommended for symptom-modifying treatments in the treatment of 

osteoarthritis.  

b. Justification for discount rate was provided for costs and benefits that occurred 

beyond a one year period 

10. Was the measurement of costs appropriate and the methodology for the 

estimation of quantities and unit costs clearly described? 

-‐ Score “yes” if (a) - (c) are satisfied: 

a.   Important and relevant costs and consequences for each alternative were 

identified  

b.    Costs and consequences were measured accurately in appropriate physical units  

c.  Unit values for costs and consequences were credible and their source clearly 

described  

11. Were the primary outcome measure(s) for the economic evaluation clearly 

stated and were the major short term, long term, and negative outcomes 

included?  

-‐ Score “yes” if (a) - (c) are satisfied: 

a. A clear statement of primary outcome measure(s) was made 

b. If results were projected, short term results were presented 

c. Negative outcomes (adverse events) were included the analysis 
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12. Were the health outcomes measures/scales valid and reliable? If previously 

tested valid and reliable measures were not available, was justification given for 

the measures/scales used? 

-‐ Score “yes” if a valid and reliable scale/measure was used OR, if such 

scales/measures were not used, justification was given for the measures/scales used 

13. Were the economic model (including structure), study methods and analysis, 

and the components of the numerator and denominator displayed in a clear, 

transparent manner? 

-‐ The clear and transparent display of the economic model (including structure) is not 

applicable. 

-‐ Score “yes” if the (a) - (c) are all satisfied: 

a. Study methods for estimating the both numerator and denominator were 

displayed in a clear, transparent manner 

b. Numerator was displayed in a clear, transparent manner; presented group-specific 

costs and incremental difference in costs    

c. Denominator was displayed in a clear, transparent manner; presented group-

specific effects and incremental difference in effects 

14. Were the choice of economic model, main assumptions, and limitations of the 

study stated and justified? 

-‐ Choice of economic model is not applicable 

-‐ Score “yes” if both (a) - (c) are satisfied:  

a. Choice of appropriate study design 

b. Main assumptions, and limitations were stated 

c. Main assumptions were justified 

15. Did the author(s) explicitly discuss direction and magnitude of potential biases? 
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-‐ Score “yes” if both (a) and (b) are satisfied: 

a. Potential biases were mentioned and included the direction of the bias 

b. The authors attempted to explain biases 

16. Were the conclusions/recommendations of the study justified and based on the 

study results? 

-‐ Score “yes” if the conclusions/recommendations of the study were in agreement 

with the results reported; conclusions/recommendations should include aspects of 

(a-e). 

a.  Intelligently interpreted index/indices 

§ Conclusions about cost effectiveness cannot be made based on inappropriate 

statistical testing (i.e., non parametric testing)  

b. Were comparisons made with others who answered the same question or 

answered a question of efficiency in osteoarthritis. 

c. Generalisability of results, other settings or patient/client groups  

d. Issues of implementation discussed  

e. Other important factors in choice/ decision under consideration  

17. Was there a statement disclosing the source of funding for the study? 

-‐ Score “yes” if there was a statement about funding  
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A3.4	  Characteristics	  of	  studies	  excluded	  from	  the	  

systematic	  review	  	  

Miller et al. (Miller et al., 

2003)  
Baseline data from an RCT. No analysis results to report. 

Osborne et al (Osborne et al., 

2006) 
Study protocol, no results to report. 

Bennell et al (Bennell et al., 

2007) 
Study protocol, no results to report. 

Allen et al (Allen et al., 

2008) 
Study protocol, no results to report. 

Patrick et al (Patrick et al., 

2001) 

Cost effectiveness analysis of an RCT. Intervention: Aqua (water-

based) therapy. Excluded because study population was not limited 

to hip and knee OA. Clarification sought from authors but no 

response. 

Bulthuis et al (Bulthuis et al., 

2008) 

Cost effectiveness analysis of an RCT. Intervention: intensive 

exercise therapy following hospitalisation.  

Excluded because study population included patients with 

rheumatoid arthritis. 

Thomas et al (Thomas et al., 

2005) 

Cost effectiveness analysis of an RCT. Intervention: home exercise 

programme in participants with knee pain. 

Excluded because study population was not limited to 

osteoarthritis. 

Farr et al. (Farr et al., 2006) Prospective cohort study. No collection of cost data.  

Mazzuca et al (Mazzuca et 

al., 1999) 

Controlled clinical trial. No randomisation of participants. 

Clarification sought from authors but no response.  

McCarthy et al (McCarthy et 

al., 2004a) 

Duplicate reporting of study results with Richardson et al. 

(Richardson et al., 2006) 
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A3.5	  PRISMA	  checklist	  for	  systematic	  review	  

Section/topic # Checklist item Page #*  

TITLE  1 Identify the report as a systematic review, meta-analysis, or 
both.  

1 

ABSTRACT   

Structured 
summary  

2 Provide a structured summary including, as applicable: 
background; objectives; data sources; study eligibility 
criteria, participants, and interventions; study appraisal and 
synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration 
number.  

2 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is 
already known.  

3 

Objectives  4 Provide an explicit statement of questions being addressed 
with reference to participants, interventions, comparisons, 
outcomes, and study design (PICOS).  

3 

METHODS   

Protocol and 
registration  

5 Indicate if a review protocol exists, if and where it can be 
accessed (e.g., Web address), and, if available, provide 
registration information including registration number.  

4 

Eligibility 
criteria  

6 Specify study characteristics (e.g., PICOS, length of follow 
up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, 
giving rationale.  

3-4, Figure 1 

Information 
sources  

7 Describe all information sources (e.g., databases with dates 
of coverage, contact with study authors to identify additional 
studies) in the search and date last searched.  

3-4 

Search  8 Present full electronic search strategy for at least one 
database, including any limits used, such that it could be 
repeated.  
 

Supplementary 
data, appendix 
1 

Study 
selection  

9 State the process for selecting studies (i.e., screening, 
eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis).  

3, Figure 1 

Data 
collection 
process  

10 Describe method of data extraction from reports (e.g., piloted 
forms, independently, in duplicate) and any processes for 
obtaining and confirming data from investigators.  

4,5 



	  

 
 

281	  

Data items  11 List and define all variables for which data were sought (e.g., 
PICOS, funding sources) and any assumptions and 
simplifications made.  

4 

Risk of bias 
in individual 
studies  

12 Describe methods used for assessing risk of bias of 
individual studies (including specification of whether this 
was done at the study or outcome level), and how this 
information is to be used in any data synthesis.  

4-5 

Summary 
measures  

13 State the principal summary measures (e.g., risk ratio, 
difference in means).  

4 

Synthesis of 
results  

14 Describe the methods of handling data and combining results 
of studies, if done, including measures of consistency (e.g., 
I2) for each meta-analysis.  

N/A 

Risk of bias 
across studies  

15 Specify any assessment of risk of bias that may affect the 
cumulative evidence (e.g., publication bias, selective 
reporting within studies).  

4-5 

Additional 
analyses  

16 Describe methods of additional analyses (e.g., sensitivity or 
subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  

N/A 

RESULTS  

Study 
selection  

17 Give numbers of studies screened, assessed for eligibility, 
and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram.  

Figure 1 

Study 
characteristics  

18 For each study, present characteristics for which data were 
extracted (e.g., study size, PICOS, follow up period) and 
provide the citations.  

5-8 
Table 1 

Risk of bias 
within studies  

19 Present data on risk of bias of each study and, if available, 
any outcome level assessment (see item 12).  

9 
Tables 3 & 4 

Results of 
individual 
studies  

20 For all outcomes considered (benefits or harms) present, for 
each study: (a) simple summary data for each intervention 
group, (b) effect estimates and confidence intervals, ideally 
with a forest plot.  

5-8 
Tables 1-4 

Synthesis of 
results  

21 Present results of each meta-analysis done, including 
confidence intervals and measures of consistency.  

N/A 

Risk of bias 
across studies  

22 Present results of any assessment of risk of bias across 
studies (see item 15).  

N/A 

Additional 
analysis  

23 Give results of additional analyses, if done (e.g., sensitivity 
or subgroup analyses, meta-‐regression [see Item 16]).  

N/A 

DISCUSSION  

Summary of 
evidence  

24 Summarise the main findings including the strength of 
evidence for each main outcome; consider their relevance to 
key groups (e.g., healthcare providers, users, and policy 
makers).  

9-11 
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Limitations  25 Discuss limitations at study and outcome-level (e.g., risk of 
bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  

11-12 

Conclusions  26 Provide a general interpretation of the results in the context 
of other evidence, and implications for future research.  

12 

FUNDING 27 Describe sources of funding for the systematic review and 
other support (e.g., supply of data); role of funders for the 
systematic review.  

1 

 
From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. 
doi:10.1371/journal.pmed1000097  

For more information, visit www.prisma-statement.org. 

*Page number corresponds to the manuscript that was submitted and accepted for publication at Value in 
Health 
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A3.6	  Sensitivity	  and	  specificity	  findings	  for	  agreement	  on	  

reported	  health	  service	  use	  from	  studies	  comparable	  to	  

Chapter	  4	  

 Ruof, 2004 Raiana, 2002 

 Sens %  Spec % Sens %  Spec % 

Physician visits 100 0   

Outpatient surgery 27 89   
Imaging 95 21   

Laboratory 99 0   
Inpatient episodes 83 90   

Transportation 78 45   
Disease-modifying antirheumatic drug (DMARD) 99 58   

Non-steroidal anti-inflammatory drug (NSAID) 91 73   
Analgesics 46 89   

Osteoporosis medication 99 53   
Steroid  95 90   

‘Any visit to a Hospital’   81 96 
Any general practitioner visit   95 20 

Other medical specialists   81 60 
Physiotherapist/Chiropractor   84 93 

Sens, sensitivity; Spec, specificity
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A3.7	  Cost	  items,	  units	  costs,	  source	  of	  costs	  and	  

assumptions	  

Cost item Unit Unit cost 
(NZ$, 2009) 

Source and assumptions 

Hospital services    
Public total hip 
arthroplasty 

Per 
procedure 

13 576 3,985.32 × inpatient service 
case weights (3.4066)  
Assumed to include 1 pre-
operative and post-operative 
orthopaedic appointment, 1 
pre-operative home needs 
assessment and loan of aids, 1 
radiographic series, and post-
operative district nurse visits 
Weighted Inlier Equivalent 
Separations (WIES), with 
Amendments for New Zealand 
from Version 11C to Version 
WIESNZ, 2008 (WIESNZ08) 
 
 

Private total hip 
arthroplasty 

Per 
procedure 

17 500 Health funds association of 
New Zealand. Mid range cost 
of total hip arthroplasty – GST 
and adjusted to 2009 costs, 
rounded to nearest $500  

Public total knee 
arthroplasty 

Per 
procedure  

15 301 3,985.32 × inpatient service 
case weights (3.8394)  
Assumed to include1 pre-
operative and post-operative 
orthopaedic appointment, 1 
pre-operative home needs 
assessment and loan of aids, 1 
radiographic series, and post-
operative district nurse visits  
 
Weighted Inlier Equivalent 
Separations (WIES), with 
Amendments for New Zealand 
from Version 11C to Version 
WIESNZ, 2008 (WIESNZ08) 

Private total knee 
arthroplasty 

Per 
procedure 

18 500 Health funds association of 
New Zealand. Mid range cost 
of total knee arthroplasty – 
GST and adjusted to 2009 
costs, rounded to nearest $500 
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Complication from 
surgical procedure, i.e. 
manipulation under 
anaesthesia for a total 
knee arthroplasty 

Admission 1984 3,985.32 × inpatient service 
case weight  (0.497772) 
(Aftercare of Musculoskeletal 
Implants/Prostheses)  

Secondary care 
admission 

Night 650 Mean cost per general medical 
inpatient day 

Ambulance Ride to 
hospital 

500 St. John’s  

Accident & emergency Visit 322 Mean cost per accident & 
emergency visit 

Public radiology Per 
radiograph 

71.36 $55 × (RVU)  
Knee standard (1.29745) 
Pelvis single view (1.29745) 
 

Podiatrist Visit 132 Otago District Health Board 
finance pricing from price 
volume schedule from funder. 

Occupational therapist Visit 140 Otago District Health Board 
finance pricing from price 
volume schedule from funder. 

Physiotherapy  Visit 74 Otago District Health Board 
finance pricing from price 
volume schedule from funder 

MRI 1 MRI 836 $55 × (RVU); MRI (15.2) 
Public orthopaedic 
specialist 

Visit 158 Otago District Health Board 
finance pricing from price 
volume schedule from funder. 

Public rheumatology 
specialist 

Visit 210 Otago District Health Board 
finance pricing from price 
volume schedule from funder. 

Private orthopaedic 
specialist 

Visit 140 Private fee for follow up visit 

Community services    
GP Visits 

 
62 
 

Average private fee from 10 
Dunedin, NZ area GP offices 

Practice nurse Visit 15 Average fee from Dunedin area 
GP offices 

District nurse 

Visit 96 

Mean cost of district nurse 
visit, Otago District Health 
Board finance pricing from 
price volume schedule from 
funder. 

Repeat prescription Per request 12 Average private fee from 10 
Dunedin, NZ area GP offices 

Physiotherapy 
(Outpatient clinic, trial) 

Visit 64 Physiotherapy service, 1 hour 
visit 

Home help Visit 23 1 hour visit 
Chiropractor Visit 47.50 Mean cost of follow up visit in 
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Dunedin metropolitan area 
Osteopath Visit 62 Mean cost of follow up visit in 

Dunedin metropolitan area 
Massage Visit 52 Average of private fees 

reported by participants 
Physiotherapy pool Visit 2.50 Packages purchased as 10 

swims for $25 
Prescribed 
medications 

   

Aspirin 100 tablets 2.15 Full subsidy, New Zealand 
Pharmaceutical Schedule 

Paracetamol (500 mg) 
Paracetamol (oral 
liquid 250mg per 5ml) 

1000 tablets 
1000 ml 

9.60 
7 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Codeine phosphate (15 
mg) 
Codeine phosphate (30 
mg) 
Codeine phosphate (60 
mg) 

100 tablets  
100 tablets 
100 tablets 

5.50 
8.50 
18.50 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Paracetamol 500mg 
with codeine phosphate 
8mg (Codalgin) 

100 tablets 3.24 Full subsidy, New Zealand 
Pharmaceutical Schedule 

Napsylate 50 mg with 
paracetamol 325 mg 
(Paradex) 

500 tablets  27.73 Partial subsidy, New Zealand 
Pharmaceutical Schedule; unit 
costs includes subsidy + 
manufacturer’s surcharge; 
surcharge = (price − subsidy) × 
1.86 

Hydrochloride 32.5 mg 
with paracetamol 325 
mg (Capadex) 

500 capsules 41.78 Partial subsidy, New Zealand 
Pharmaceutical Schedule; unit 
costs includes subsidy + 
manufacturer’s surcharge; 
surcharge = (price − subsidy) × 
1.86 

Dihydrocodeine tartrate 
60mg long-acting 
(DHC continus) 

60 tablets 30.30 Full subsidy, New Zealand 
Pharmaceutical Schedule 

Ibuprofen 200mg 1000 tablets 16.00 Full subsidy, New Zealand 
Pharmaceutical Schedule 

Ibuprofen 400mg 
Ibuprofen 600mg 
Ibuprofen 800mg 

30 tablets 
30 tablets 
30 tablets 

6.87 
10.30 
14.15 

Partial subsidy, New Zealand 
Pharmaceutical Schedule; unit 
costs includes subsidy + 
manufacturer’s surcharge; 
surcharge = (price − subsidy) × 
1.86 

Diclofenac sodium  
25mg 
50mg 
75mg 

 
100 tablets 
500 tablets 
500 tablets 

 
3.51 
25.88 
22.78 

Full subsidy, New Zealand 
Pharmaceutical Schedule 
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100mg 500 tablets 34.32 
Voltaren  
12.5mg 
25mg 
50mg 

 
10 
suppository 
10 
suppository 
10 
suppository 

 
1.85 
2.22 
3.84 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Naproxen 
250mg (Noflam 250) 
500mg (Noflam 500) 
750mg (Naprosyn SR 
750) 
1000mg (Naprosyn SR 
750) 

 
500 tablets 
250 tablets 
90 tablets 
90 tablets 

 
21.00 
17.95 
18.00 
21.00 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Naproxen sodium 
275 (Sonaflam) 
550 (Synflex) 

 
120 tablets 
100 tablets 

 
6.00 
12.80 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Tenoxicam  
20mg (Tilcotil) 

 
100 tablets 

 
23.75 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Celecoxib 
100mg 
200mg 

 
60 tablets 
30 tablets 

 
51.14 
51.14 

Retail price * surcharge (1.86) 
– Goods & Services Tax 

Tramadol 100 tablets 55.09 Retail price – Goods & 
Services Tax 

Oxycodone 
hydrochloride 
5mg (OxyContin) 
10mg (OxyContin) 
5mg (OxyNorm) 
10mg (OxyContin) 

 
20 tablets 
20 tablets 
20 capsules 
20 capsules 

 
7.51 
11.14 
2.83 
5.58 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Morphine sulphate  
10mg 
30mg 
100 mg 

 
10 tablets 
10 tablets 
10 tablets 

 
2.64 
3.60 
8.50 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Omeprazole 
10mg  
20mg 
40mg 

 
30 capsules 
30 capsules 
30 capsules 

 
2.14 
3.05 
3.59 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Pantoprazole 
20mg 
40mg 

 
28 tablets 
28 tablets 

 
2.24 
3.36 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Famotidine 
20mg (Famox)  
40mg (Famox) 

 
250 tablets 
250 tablets 

 
8.10 
11.35 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Cimetinde 
200mg 
400mg 

 
100 tablets 
100 tablets 

 
17.40 
29.84 

Partial subsidy, New Zealand 
Pharmaceutical Schedule; unit 
costs includes subsidy + 
manufacturer’s surcharge; 
surcharge = (price − subsidy) × 
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1.86 
Ranitidine 
hydrochloride 
150mg 
300mg 

 
250 tablets 
250 tablets 

 
7.99 
10.94 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Amitriptyline 
10mg (Amirol) 
25mg (Amitrip) 
50mg (Amitrip) 

 
50 tablets 
100 tablets 
100 tablets 

 
2.77 
3.40 
5.20 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Doxepine 
hydrochloride 
10mg (Anten) 
25mg (Anten) 
50mg (Anten) 

 
100 capsules 
100 capsules 
100 capsules 

 
5.24 
5.46 
7.34 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Citalopram 
hydrobromide 20mg 

84 tablets 3.78 Full subsidy, New Zealand 
Pharmaceutical Schedule 

Fluoxetine 
hydrochloride  
20mg (Fluox) 
20mg (Fluox) 

 
30 tablets 
90 capsules 

 
5.50 
4.39 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Paroxetine 
hydrochloride  
20mg (Loxamine) 

 
30 tablets 

 
5.90 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Diazepam 
2mg (Pro-Pam) 
5mg (Pro-Pam) 
10mg (Pro-Pam) 

 
500 tablets 
250 tablets 
100 tablets 

 
8.40 
5.00 
3.45 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Lorazepam 
1mg (Ativan) 
2.5mg (Ativan) 

 
250 tablets 
100 tablets 

 
6.28 
4.12 

Full subsidy, New Zealand 
Pharmaceutical Schedule 

Temazepam 10mg 
(Normison) 

25 tablets 0.83 Full subsidy, New Zealand 
Pharmaceutical Schedule 

Triazolam  
125µg (Hypam) 
250 µg (Hypam) 

 
100 
100 

 
15.85 
16.00 

Partial subsidy, New Zealand 
Pharmaceutical Schedule; unit 
costs includes subsidy + 
manufacturer’s surcharge; 
surcharge = (price − subsidy) × 
1.86 

Zopiclone 7.5mg  500 21.02 Full subsidy, New Zealand 
Pharmaceutical Schedule 

Over-the-counter 
medication 

   

Paracetamol (Panadol) 20 4.02 Retail − Goods & Services Tax 
Paracetamol 20 1.77 Retail − Goods & Services Tax 
Panadeine 
(paracetamol 500mg, 
codeine 8mg)  

100 tablets 24.38 Retail − Goods & Services Tax 

Codalgin (paracetamol 
500mg, codeine 8mg) 

100 tablets 8.80 Retail − Goods & Services Tax 
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Nurofen (200mg 
ibuprofen) 
 
 
Nurofen plus (200 mg 
ibuprofen, 12.8mg 
codeine) 
 
 

 
24 tablets 
96 tablets 
 
72 tablets 

 
5.80 
21.37 
 
30.20 

Retail − Goods & Services Tax 

Panafen 24 tablets 9.28 Retail − Goods & Services Tax 
Voltaren 12.5 20 tablets 9.46 Retail − Goods & Services Tax 
Voltaren 25 20 tablets 13.09 Retail − Goods & Services Tax 
Ibuprofen 20 tablets 4.05 Retail − Goods & Services Tax 
Voltaren emugel 50g 17.20 Retail − Goods & Services Tax 
Anti-flamme 90g 21.89 Retail − Goods & Services Tax 
Zostrix 45g 20.36 Retail − Goods & Services Tax 
Deep heat 100g 11.66 Retail − Goods & Services Tax 
Tiger balm 18g 11.46 Retail − Goods & Services Tax 
Glucosamine & 
chondroitin 

90 tablets 44.76 Retail − Goods & Services Tax 

Green lipped mussel 
extract 

60 tablets 16.22 Retail − Goods & Services Tax 

Deer velvet 50 tablets 26.44 Retail − Goods & Services Tax 
Omega 3 fish oil 400 capsules 42.72 Retail − Goods & Services Tax 
Productivity & travel    
Travel Km 0.83 University of Otago  
Participant productivity 
loss 

Hr/day/week Hourly/daily 
rate 

Patient report of weekly rate 

Friend or family 
productivity loss 

Hr/day/week $843/week New Zealand Income Survey: 
June 2009 quarter 
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A3.8	  Population	  density	  of	  cost	  data	  for	  imputed	  versus	  

complete	  cases	  
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Appendix	  4	  Candidate’s	  contribution	  to	  the	  research	  

Systematic review (Chapter 3) 

• The candidate conceived and designed the systematic review. 

• The candidate developed the search strategy, performed all literature searches, 

screened search results, obtained the articles, screened retrieved articles against 

inclusion criteria, and performed data extraction. 

• The candidate reviewed then chose the instruments to rate quality and potential 

bias, defined specific criteria for this review to add to the Quality of Health 

Economic Studies instrument, and rated studies on quality of economic analysis 

and risk of bias criteria. 

• The candidate interpreted the results and wrote the review.  

• Co-authors commented on drafts of the article reporting the review which has 

been accepted for publication.  

 

Cost outcome acquisition feasibility and validation study (Chapter 4) 

• The candidate designed the Osteoarthritis Cost and Consequences 

Questionnaire (OCC-Q). 

• The candidate administered the cost questionnaire and carried out follow up 

telephone calls. 

• The candidate entered the data, acquired data from the administrative databases, 

carried out all statistical analysis, and interpreted the data. 

• The candidate wrote the manuscript reporting the study. Co-authors commented 

on drafts of the published article. 

 

Protocol for economic evaluation (Chapter 5) 

• The candidate designed and wrote the protocol for the economic evaluation 

alongside the MOA Trial.  

• Co-authors commented on drafts of the published article. 

 

Economic evaluation (Chapter 6) 

• The candidate performed the economic evaluation alongside the MOA Trial. 
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• The candidate administered the cost questionnaire to participants and carried 

out follow up telephone calls. The candidate also contributed to collection of 

other MOA data at baseline, 6 months, and 1 year. 

• The candidate entered the data, carried out all statistical analysis, interpreted the 

data, reported the results, and prepared the graphical presentations of the results. 

• The candidate has prepared a shortened version of the results of the MOA Trial 

economic evaluation ready for submission. 
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