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Abstract

Objectives:

0 To determine the prevalence of knee pain in the population aged >45 years.

0 To determine the benefit or otherwise of regular home exercise and

telephone contact in reducing the burden of knee pain in the community.

0 To determine the economic burden of knee pain from a societal perspective.

0 To determine the cost-effectiveness and cost-utility of the compared

Interventions.

Design: An initial postal questionnaire regarding knee pain was sent to 9296
individuals aged 245 years registered with two large general practices in
Nottingham. This was followed by a two-year, single-blind, randomised
factorial trial. Treatment arms included: exercise therapy, telephone social

support, a placebo health food product and no intervention. Economic data

were collected prospectively alongside the trial. Analysis was conducted on an

intent-to-treat basis.

Primary outcome: Self-reported knee pain at 24 months. This was assessed
using the Western Ontario MacMaster’s Universities Osteoarthritis Index
(WOMAUC) - a knee specific questionnaire.

Results: The postal questionnaire was returned by 65% of the study
population. The prevalence of self-reported knee pain in the community in
those aged >45 years was 32% (35% in females and 28% in males). Costs

incurred during the 6-month period prior to randomisation showed medical
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costs for the treatment of knee pain to be 7% of total medical costs and 11% of

primary care costs. Annual societal costs were estimated to be £48 per person.

The intervention study demonstrated that a simple, home-exercise programme
could reduce self-reported knee pain, knee stiffness and knee related physical
disability after 24 months (p=<0.001, 0.01 and <0.001 respectively). Effect
sizes were modest, but improvements were incremental to normal care. The
number needed to treat (NNT) in order to achieve a > 50% reduction in pain at
24 months for individuals allocated to the exercise programme was between 8
and 13. Neither telephone contact nor the placebo dolomite tablet contributed

significantly to the observed reduction in pain.

The cost per person of delivering the two-year exercise programme was £113.
Analysis of GP records revealed no change in medical costs during the trial.
Cost-effectiveness analysis suggested that the cost per unit change on the
WOMAC pain scale was £108. The cost-effectiveness of achieving a = 50%
reduction in pain in a single individual (based on NNT figures) was £1,012.
Conclusion: Knee pain is common in the general UK population aged >45
years and incurs an estimated cost of £218 to £350 million per annum
(excluding indirect costs) in 1996 prices. The burden of knee pain could be
reduced by the implementation of a cost-cffective primary care-based cxcreise

programme, although such improvements are likcly to be modest.
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Summary

This thesis describes a set of inter-related studies that address the medical
management of knee pain in the community. It is presented as a health services
research project and is multidisciplinary in nature (including epidemiology,
research methodology, clinical issues, economic evaluation and medical
statistics). A community-based sample has been chosen as being most
appropriate for study since the majority of patients receive their treatment
within primary care. A pragmatic approach has been adopted in order to

achieve broadly generalisable results.

In chapter one, an introduction to the relevant issues and current debates
surrounding the management of osteoarthritis and knee pain are outlined.
Literature was searched from relevant electronic databases including
MEDLINE, the Cochrane Database of Systematic Reviews, DARE (Database
of Reviews of Effectiveness), the NHS Economic Evaluation database and the
HTA web site. Further references were obtained by hand searching retrieved
articles. Whilst this was not intended to be an exhaustive systematic review of
the literature, published reviews by other authors were identified in the
literature wherever possible. No specific timeframe was adopted for the search.
Nevertheless, more recent studies tended to be better executed and designed in
the light of existing knowledge. As a result, emphasis has been placed on these
findings. The advantage of such an approach over a full systematic review is
that it is able to provide a broad introduction to the field within the time and

word limits available to the thesis. Clearly, further interrogation of additional
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databases, using more structured search terms, would undoubtedly reveal

further relevant literature.

Chapter two describes the intervention study and includes results of the initial
postal survey and the subsequent randomised controlled trial (RCT). For the
RCT a factorial design has been employed in which exercise therapy is
compared with telephone support, a placebo health food product and a no
intervention control group. The primary outcome is self-reported knee pain at
24 months and has been assessed using a knee-specific instrument (WOMAC).
Other secondary outcomes include knee specific stiffness and physical
function, quadriceps muscle strength, anxiety and depression (HADs) and more
general indicators of quality-of-life (SF-36 physical function and EuroQol EQ-
5D). Regression analysis has been used in order to identify possible predictors

of response that may be useful in directing future research activity.

Chapter three presents cost-of-illness data relating to the treatment of knee
pain. It describes patient-specific cost data collected for volunteers during the
6-month period prior to participation in the RCT. Whilst a societal perspective
has been adopted, the primary focus is on costs to the health provider and to the
patient. Total costs have been collected in addition to knee-specific costs since
patients with osteoarthritis are reported to incur higher costs than their non-
arthritic controls for a range of medical conditions. Regression analysis has

been used in order to identify factors associated with high primary care costs.

Finally. chapter 4 describes the economic evaluation of the study interventions.

This included cost-effectiveness and cost-utility analyses.

XXIi1



CHAPTER 1: INTRODUCTION

1 Introduction

1.1 Osteoarthritis

1.1.1 What is osteoarthritis?

Osteoarthritis (OA) is a chronic locomotor condition, most commonly
associated with the elderly. Pathologically it involves the loss of articular
cartilage in synovial joints and changes in the underlying bone at joint margins
(Doherty et al. 1997). Clinically, OA may result in joint pain and tenderness,
limited range of movement, crepitus, mild effusion and deformity. Most
commonly affected sites include the knees, hips, hands and spine (Lawrence et
al. 1966). It is associated with considerable morbidity, particularly in relation
to locomotor difficulties and limitations in activities of daily living (Davis et al.

1991).

OA is not a recent condition, nor 1s it confined solely to man. Evidence of
osteoarthritic changes in the fossilised remains of a variety of animals,
prehistoric man and even dinosaurs, points to its extensive history (Jurmain and

Kilgore, 1995; Rogers et al. 1981).

Traditional views of the pathogenesis of OA have relied on the concept of
mechanical ‘wear and tear’; OA being seen as the inevitable result of ageing.
However, more recent evidence suggests a far more active process of
regeneration and metabolic change. It is now believed that the features

commonly observed in an OA joint reflect the normal repair process (Hutton,
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1989). It is only when a discrepancy arises between the demands placed on a
joint and the regenerative capacity of that joint, that failure (i.e. symptomatic

OA) results (Doherty et al. 1997).

The belief that OA represents an essentially reparative process has caused
renewed interest in its study. A better understanding of the development of
symptoms, and potential treatment options for the prevention of disability are

key issues for future study.

1.1.2 Aetiology of osteoarthritis

Current models for the aetiology of OA involve the complex interplay of

predisposing factors, constitutional (systemic) and local biomechanical factors

(Figure 1).
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Figure 1 Current model of the aetiopathogenesis of OA (adapted from Dieppe
and Kirwan, 1994)

Constitutional Predisposition: Joint

factors: Biomechanical:

o Age e Genetic e Trauma

e Gender e Race e  Occupational

e Obesity loading

e Hormonal e Neuromuscular
pathology

e Joint insult/
abnormality
Susceptibility to OA

-

Site and severity of
OA

OA i1s no longer thought of as a single disease, but rather as a heterogeneous
group of conditions affecting different joint sites. This belief has been
strengthened by recent evidence suggesting that the aetiology of OA may vary

according to the site of involvement (Cooper et al. 1994).

It is now understood that different risk factors may account for the incidence of
disease at different sites. For example, obesity has consistently been identified

as a powerful risk factor for the development of knee OA (Sandmark et al.
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1999; Hart et al. 1999; Hart and Spector, 1993; Davis et al. 1990), but
findings have been more inconsistent in relation to hip OA (Oliveria et al.
1999; Davis et al. 1990). Similarly, prevalence of knee OA is greatest

amongst women, whereas this is not the case for hip OA (Felson, 1988).

Given the importance of ‘site’ in determining the aetiology of OA, it is
possibly not surprising that past research has produced conflicting results in the
identification of possible risk factors for OA. It is only through a greater
understanding of these underlying processes that appropriate measures can be

developed and implemented for the treatment of OA.

1.1.3 Radiographic assessment of osteoarthritis

Radiographic assessment of osteoarthritic change is relatively inexpensive,
reproducible and reflects the major pathophysiological features of the disease
(Gunther and Sun, 1999; Jacobsson, 1996). Nevertheless, radiographs lack
sensitivity in a number of situations. They are particularly insensitive in the
detection of early OA changes, and are limited in their ability to detect disease
progression. Recent technological advances such as the use of ultrasound, or
magnetic resonance imaging, may ultimately provide more useful insights into
the disease process (Boegard et al. 1998; Bucklanderight, 1997).
Nevertheless, X-rays currently play an important role in establishing the

presence of OA for both clinical and epidemiological study.
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It was not until the 1950s that Kellgren and Lawrence developed the first
formal classification system for OA (Kellgren and Lawrence, 1957). (Table 1).
This early grading scheme has been the “gold standard” for many years and
was adopted as the standard criteria for epidemiological research by the World
Health Organisation in 1961. A grade of 2 or above is now generally accepted
as the minimum requirement for the case definition of OA, and many of the
population surveys conducted to date have relied on this system (McAlindon et

al. 1993a; Felson et al. 1987).

Table 1 Kellgren and Lawrence grading scheme for osteoarthritis.

Grade Radiographic Criteria

0 Normal

| Doubtful narrowing of joint space, possible
osteophyte.

2 Definite osteophyte, absent or questionable

narrowing of joint space

3 Moderate osteophyte, definite narrowing,
sclerosis, possible deformity.

4 Large osteophyte, marked narrowing, severe

sclerosis, definite deformity.

Nevertheless, the Kellgren and Lawrence grading scheme has been criticised in
recent years. Confusion as to the exact wording of the criteria has led to
studies of relatively poor comparability; even when the standard criteria were
claimed to have been used (Spector et al. 1991). In addition, the exclusion of
grade 1 (mild OA) by the majority of researchers means that early OA changes

are often ignored. Finally, the over-reliance on osteophyte formation as a
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defining feature of OA has been questioned (McAlindon and Dieppe, 1989;

Wood, 1976).

Many researchers now prefer the grading of individual features (osteophyte,
joint-space narrowing, sclerosis, alignment and bone attrition) within specific
joints or compartments (McAlindon et al. 1993b; Cooper et al. 1992; Menkes,
1991). This has led to the development of several new grading atlases (Burnett
et al. 1994; Altman et al. 1986b). Further development and validation of these
atlases in a variety of clinical and epidemiological settings is now needed

(Jacobsson, 1996).

1.1.4 Prevalence of osteoarthritis

OA 1s a condition of slow and insidious onset. As such, it has traditionally
been examined through cross-sectional surveys of prevalence, rather than by
incidence of disease (Croft, 1990). In addition to the early work by Kellgren
and Lawrence, several large-scale studies have been conducted over the last 20

years, the main features of which are summarised in Table 2.

These studies provide the basis for our growing understanding of the course
and development of OA. Nevertheless, different studies have produced very
different estimates of prevalence. Given the variability in different

epidemiological and radiographic techniques. this is possibly not surprising
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(Spector and Hochberg, 1994). However, certain aspects of the disease

consistently emerge.

OA is by far the most prevalent chronic joint condition (Lawrence et al. 1989).
Estimates suggest that OA is present in 8.7 to 12.3% of the population
(Rothfuss et al. 1997). Prevalence varies greatly between joints (van Sasse et
al. 1989). The most commonly affected joints are the hands, knees, hips and
apophyseal joints of the cervical and lumbar spine (Bagge et al. 1991,

Lawrence et al. 1966).



Table 2 Summary of recent prevalence studies for knee OA.

Study Reported by | Subjects Study type X-rays | X-ray grading | Prevalence of

: ; | scheme . knee OA
NHANES-1 Davis et al. 4056 US adults aged 45- National probability | Anteroposterior non- | Kellgren & Lawrence | Men (5%)
1971-1975 (1992) 74 yrs sample. Prospective | weight bearing Women (10%)
National Health & Nutrition cohort study OA = grades 1-4 41% of these
Examination Survey symptomatic
NHEFS Davis et al. 2989 adults from previous | Prospective cohort None N/A Men (5%)
1980-1982 (1991) NHANES-1 survey study Women (9.5%)
National Health & Nutrition
Examination Survey
Epidemiological Follow-up
Framingham Osteoarthritis Study | Felson et al. 1805 adults aged 63-94 Part of Framingham | Anteroposterior Kellgren & Lawrence | 36% X-ray
1983-1985 (1987) years Heart Study Cohort. | weight bearing. + features 9% X-ray +

OA = grades 2-4 symptoms
1992-1993 Felson et al. Unclear Prospective cohort As above As above 15.6% incident
(1997) SBU ity ieabive study c)i(i-s;aaase since earlier
subjects from 1983-85 :
cohort were X-rayed

Johnston County Osteoarthritis Jordan et al. 1192 African-American & | Probability sample. | Antero-posterior Kellgren & Lawrence | 19% all subjects
Project (1997) Caucasian adults aged Prospective cohort weight bearing.

>45 yrs from rural N.
Carolina

study.

OA = grades 2-4.

Zoetermeer Study

van Sasse et al.
(1989)

6585 inhabitants aged >20
yrs of a Dutch village

Random population
sample. Cross-
sectional survey

Type not specified.
OA = grades 2-4.

Kellgren & Lawrence

18% all subjects

Baltimore Longitudinal Study of Lethbridge- 675 Caucasian adults Cross-sectional Antero-posterior Kellgren & Lawrence | Men (11%)
Aging Cejku et al. aged 19-92 years survey weight bearing + individual features. | Women (10%)
1984-1989 (1995) OA = grades 2-4
Goteborg Study Bagge et al. 266 adults aged >70 years | Cross-sectional & Antero-posterior Kellgren & Lawrence | Men (51%)
1971-1972 (1992) prospective weight bearing with Women (56%)
1976-1977 (followed-up for ten | slight flexion

years) OA = grades 2-4.
Chingford Study Hart and 1003 women aged 45-64 Cross-sectional Antero-posterior Kellgren & Lawrence 12% X-ray
1988-1989 Spector, (1993) | years survey weight bearing 6% X-ray +

OA = grades 2-4 symptoms
1993 Hart et al. 830 (83% of original Prospective cohort As above Incidence 3%/year
(1999) population) study
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The importance of age in determining the presence of OA has been consistently
identified (Davis et al. 1992; Felson et al. 1987; Lawrence et al. 1966).
Lawrence et al. found that almost everyone over the age of 65 years had at least
one joint with arthritic changes of grade 2 or greater. As is graphically
demonstrated in Figure 2, prevalence increases steadily with age. However,

prevalence may plateau in later life (Bagge et al. 1992).

Figure 2 Graph showing the prevalence of OA (grades 2-4) by age (from Croft,
1990). Data from Lawrence et al. (1966); Kellgren & Lawrence (1958).
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Somewhat contradictory findings have been found with regard to gender
differences in the prevalence of OA. Nevertheless, rates are generally reported
to be higher for women than they are for men (Felson et al. 1987), especially

for the hand and knee joints, and in the older age groups (van Sasse et al.

1989).

Much is still to be achieved in the development of accurate prevalence figures.
In particular, clarity in the definition of clinically relevant cases will help to
elucidate the true burden of disease (Petersson, 1996). In addition, the recent
trend towards increasing numbers of prospective incidence studies is clarifying
the findings of earlier cross-sectional studies and may prove vital for the
elucidation of risk factors for disease progression (Oliveria et al. 1999; Hart et

al. 1999; Felson et al. 1997).

[0
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1.2 Knee Osteoarthritis

1.2.1 Defining knee osteoarthritis

Recognition of the importance of site-specific definitions of OA has led to
renewed efforts to develop clear and reliable case criteria for epidemiological
investigation of the knee (Hart and Spector, 1995). Future developments may
expand our current understanding of the factors relevant to sensitive and
specific diagnosis. In particular, the development of “biological markers” of
disease shows promise (Clark et al. 1999; Lohmander and Felson, 1997).
Nevertheless, for the purposes of this study, the two most commonly held
definitions of OA (radiographic assessment and clinical assessment) are most

relevant.

1.2.1.1 Radiographic definitions of knee osteoarthritis

Epidemiological studies have traditionally favoured the use of radiographic
evidence of structural abnormality in establishing case status. As yet,
consensus in producing an appropriate and consistent classification has proved
surprisingly difficult. Indeed, until 10 years ago, specific criteria for admission
to clinical trials were only reported in 20% of published studies (Altman,

1995).

It is now recognised that no one grading system is suitable for the study of OA
at all sites (Murphy, 1995). This has led to the development of atlases specific

to individual joints, including the knee (Altman et al. 1995; Burnett et al.

11
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1994). The importance of the patellofemoral joint as an independent factor in
the development of knee pain has led to recommendations for the inclusion of
skyline radiographs, which are more sensitive in detecting abnormality and

change with time (Lanyon et al. 1996; Jones et al. 1993).

Possibly the greatest debate surrounding the grading of radiographs is in the
dominance of individual features. The Kellgren and Lawrence scheme heavily
emphasised the importance of osteophyte formation. It has since been argued
that osteophytes can represent a normal feature of ageing (Wood, 1976), and
that the importance of joint space narrowing should not be ignored. More
recent findings suggest that both aspects may be important in determining
different aspects of the disease. In particular, the presence of osteophytes
(especially in the patellofemoral joint) may better predict pain reporting
(Cicuttini et al. 1996), but joint space narrowing may be a better indicator of

disease severity and progression (Altman et al. 1987).

Regardless of the criteria used, discordance between radiographic evidence of
disease activity and self-reported pain occurs consistently (Creamer and
Hochberg, 1997). Patients with severe radiological change are more likely to
report pain than those with mild arthritic change. Nevertheless, the relationship
between the two is not strong. The pioneering work by Kellgren and Lawrence
was the first to identify the possible discordance between radiographic
evidence of disease activity and self-reported symptoms (Lawrence et al.

1966). Their population-based surveys of the 1960s revealed considerable

12
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levels of discordance (20-80%); actual rates being dependent upon the site of

involvement.

The continued disparity between symptom reporting and radiographic evidence
of disease (Davis et al. 1992; Felson et al. 1987) has caused concern about the
over-reliance on radiographic evidence alone. The American College of
Rheumatology (ACR) has issued recommendations based on a combination of
both radiographic and clinical criteria and has emphasised the importance of

“clinically relevant” cases (Altman et al. 1986a).

1.2.1.2 Clinical definitions of knee osteoarthritis

In 1986, a subgroup of the American College of Rheumatology was convened
in order to establish a reliable set of clinical criteria for the classification of OA
(Altman et al. 1986a). This work was based on consensus agreement as to the
most important features of OA. The discriminative ability of these features
was then assessed in a group of 257 hospital referred OA patients compared
with a control group (of which 55 had rheumatoid arthritis and 52 had a variety
of other musculoskeletal complaints). The combination of findings with the

highest levels of specificity and sensitivity are shown in Figure 3.
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Figure 3 Summary of the ACR criteria for the clinical classification of knee OA
(Altman, 1991).

’ 1 - Knee pain for most days of prior month.
2 ,,v,:VCrepitué on active joiﬁt motion.
' 3 | Y'Morniﬁg stiffness of the knee < 30 minutes.
4 | : Age > 38 years.
5 :'B,ony enlargement of the knee with crepitus.
6 Bony enlargement of the knee without crepitus.

Osteoarthritis is adjudged to be present if any one of the following
three sets of criteria is fulfilled: 1,2, 3 and 4.

1, 2,3 and 3.

1 and 6.

ﬁ—__—_——_-

These criteria depend on the presence of “knee pain” for a definition of OA,
and are therefore a measure of symptomatic OA. Such a definition is probably
most appropriate for epidemiological study, since it is symptomatic patients
who represent the greatest burden to society. Nevertheless, certain limitations
have been identified. Firstly, it is no easy matter to identify presence of pain.
The reporting of pain is known to be highly variable (Bellamy et al. 1990) and
to be multifaceted (Creamer et al. 1999). In addition, the wording of pain

questions can influence reported prevalence (O'Reilly et al. 1996; Spector et

al. 1991). It may even be possible that different questions are better associated

14
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with different aspects of the disease; some being more able to identify
radiographic changes (Cicuttini et al. 1996) and others disability and pain
(O'Reilly et al. 1996). Various questions have been used in recent years

(Table 3), although consensus as to the most appropriate has yet to be reached.
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Table 3 Summary of the pain questions used in epidemiological studies.

Pain question:

Used by:

Comments:

Have you ever had pain

in or around the knee

on most days for at least

a month?

If so, have you
experienced any pain
during the last year?

NHANES-I (Davis etal. 1992) e
NHEES (Hochberg et al. 1989)

Framingham Study (Felson et al.

1987)

Bristol Study (McAlindon et al.

1993a)

Baltimore Longitudinal Study of
Ageing (Lethbridge-Cejkuetal. o

1995)

Both sections of the
question must be
positive for subjects
to be classified as
having knee pain.

e NHANES-I also

classified subjects as

having knee pain if
they reported pain
during range of
motion assessment.

The Framingham

study only used part

1 of the question.

e  The Bristol Study
scored each knee
separately.

e The Baltimore

Study of Ageing

used these questions

to give an indication
of “painever” (part

1 only) and “current

pain” (parts 1 & 2).

Have you had pain

within the last year in
or around the knee that
occurred on most days
for at least a month?

(O'Reilly et al. 1996)

e This is a modified

version of the
NHANES-I
question. It was
used to assess the
impact of minor
word changes on
pain reporting.
Resulted in lower
estimates of pain
prevalence than the
NHANES-I version.

Have you had knee pain
on most days of the last
month?

ACR criteria for clinical

classification

This question has
proved very
insensitive in
population studies.
It may be most
useful in a hospital
setting.

Associates with
disability better than
with pain.
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Have you had an (Cicuttini et al. 1996) e Patients were asked

episode of knee pain all three questions.

lasting > 15 days in the Responses were

last month? assessed for their
abality to predict

Have you had two or radiographic

more 'episoa'es of knee indicators of disease.

pain in the last year? e  Question 2 was most
closely associated

que you had a past with osteophyte

episode of knee pain formation (in all

lasting 2 15 days? compartments).

Have you had any pain ~ Rotterdam Study (Hopman-Rock e  This question was

or other complaints et al. 1996) asked 3 times at

about your joints in the subsequent

last month? assessments (twice
in 1991 and once in

If yes, can you point to 1993)

the painful joint? e Pain was classified

as:
Chronic = yes x 3.
Episodic = yes x 2.
Sporadic = yes x 1.

Do you get knee pain on  Johnston County Osteoarthritis Indication of
most days? Project (Jordan et al. 1997) severity was based
on the worst knee.

If yes, how severe is
that pain: mild,
moderate or severe?

A further difficulty with the ACR criteria is that poor reliability and
reproducibility limit the assessment of clinical features. Considerable variation
has been found in inter-observer reliability for the assessment of clinical
features in a hospital population (Jones et al. 1992). In addition, examination
of levels of agreement between the three possible ACR sets of criteria has led
to varying estimates of prevalence (Schouten and Valkenburg, 1995)

Possibly the most fundamental problem for the use of the ACR criteria for
epidemiological study is that they were developed and tested in a hospital

setting. The ability to generalise to a community-based sample is as yet
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unknown (Schouten and Valkenburg, 1995), and the use of controls with

rheumatoid arthritis (RA) meant that these patients were likely to have some
degree of joint space narrowing themselves (McAlindon and Dieppe, 1989).
This may explain the poor discriminative ability of joint space narrowing for

these criteria.

Despite these limitations, the ACR criteria represent the first structured attempt
to accurately define the clinical symptoms of OA. Further work is now
required to assess the validity and reliability of such measures in a variety of

both clinical and community settings (Jacobsson, 1996).

1.2.2 Aectiology of knee osteoarthritis

The largest body of evidence to examine the putative risk factors for knee OA
comes from NHANES-I, its subsequent follow-up (NHEFS) and the
Framingham and Chingford studies. Evidence from the Framingham and
Chingford studies is particularly informative since it allows risk factors to be

examined prior to disease onset (Hart et al. 1999; Felson et al. 1997)

A summary of the most commonly identified risk factors for radiographic knee

OA is presented (Table 4).
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Table 4 Risk factors for radiographic knee OA (adapted from Felson, 1990).

Associated with knee OA Increasing age

Female gender

Obesity

Muscle dysfunction

Knee trauma / injury
Occupational knee bending /
physical labour

Association not clear e Oestrogen use (may be
protective in women)

e  Chondrocalcinosis
e Sport and exercise

Negative association e Smoking

Prospective data from the Framingham Study allowed an examination of risk
factors for new cases of radiographic knee OA in elderly subjects (McAlindon
et al. 1999; Felson et al. 1997). This study examined radiographs taken at
baseline (1983-85) and compared them with radiographs taken again in 1992-
93. New cases of knee OA were identified (93 of 598 patients without knee
OA in the initial survey), and baseline risk factors were assessed in relation to
subsequent development of OA. The study confirmed many of the earlier
cross-sectional findings. In addition, it was able to clarify the role of certain
factors. The presence of chondrocalcinosis at baseline for example, had little
effect on future development of knee OA. Perhaps more surprisingly, the study
pointed to considerable increased risk of knee OA in habitually active elderly
subjects. An adjusted odds ratio (OR) of 3.3 was observed for patients in the
highest quartile of physical activity at baseline compared with those in the
lowest quartile. This finding demonstrated a dose response effect, with higher

risk being found with each increase in physical activity. The exact nature of
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the observed relationship is as yet unclear, although a markedly increased risk
was observed for obese individuals. Previous studies have pointed to the
possibility of increased risk for runners and elite athletes (Spector et al. 1996).
Nevertheless, the levels of activity being reported by this elderly population
were more comparable with normal activity levels observed in younger
subjects (high physical activity was defined as heavy housework or intensive

exercise).

The importance of obesity in the development of knee OA was confirmed in
the Chingford study (Hart et al. 1999). These investigators examined possible
risk factors for 715 individuals who developed radiographic evidence of
disease activity after a 4-year period of follow-up. Those with incident knee
OA were heavier, older, had more hand OA and reported more knee symptoms
at baseline. In contrast to the Framingham study, high physical activity
showed no association with disease incidence, although findings were limited

by lack of power in relation to highly active individuals.

Work to date has concentrated on risk factors for the development of OA in the
tibiofemoral joint. However, different risk factors may be responsible for OA
within different compartments of the knee. Cooper et al. compared subjects
with symptomatic OA (tibiofemoral and /or patellofemoral OA) with age and
sex matched controls (Cooper et al. 1994). Despite relatively small numbers
(obesity was observed in only 13 cases with tibiofemoral OA, and 10 with
patellofemoral OA). some interesting observations were possible. In particular.
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obesity and meniscectomy were associated with tibiofemoral OA, whereas
patellofemoral OA was associated with a family history of knee OA and the
presence of Heberden’s nodes. The lack of association between obesity and
patellofemoral OA has also been found in a hospital-based population
(Ledingham et al. 1993). Indeed, even palaecopathological evidence has been
used to suggest that tibiofemoral OA is a relatively ‘new’ disease, and that this

may support its association with obesity and menisectomy (Rogers and Dieppe,

1994).

Future work into the putative risk factors for OA should recognise the
importance of these findings, and should make greater effort to identify the

specific site of involvement.

1.2.3 Prevalence of knee osteoarthritis

The knee is one of the most commonly affected joints (van Sasse et al. 1989,
Lawrence et al. 1966). Exact prevalence rates vary, but radiographic
tibiofemoral OA is generally reported to be present in 3.8% of those aged 25-

74 years, and between 14% and 30% for persons over the age of 45 years

(Petersson, 1996).

As with OA in general, knee OA is strongly associated with age. By the age of
75 years, prevalence has been found to be as high as 40 - 60% (Bagge et al.

1992). Gender is more strongly associated with knee OA than it is at other
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joint sites. Women are generally reported as having a higher incidence of knee
OA than men (Croft, 1990). Nevertheless, a reversal of this pattern is found for
people aged under 45 years. This finding may reflect different aetiological
processes, with men being more likely to develop early OA as a result of knee

injury or excessive joint loading (Cooper, 1995).

1.2.4 Prevalence of symptomatic osteoarthritis

Few studies have examined the prevalence of pain as an independent issue.
Considerable variation exists in the available data and is particularly governed
by the wording of pain questions. For example, the Baltimore Longitudinal
Study of Ageing reported knee pain prevalence of 23% for “ever having pain”
and 15% for “pain within the last year” (Lethbridge-Cejku et al. 1995). Using
the ACR criteria of “pain present for most days of the previous month”, rates
have been reported as low as 2.3% (Spector et al. 1991). Nevertheless, most
studies report knee pain prevalence in subjects over 45 years as being between

12 and 38% (Spector and Hart, 1992).

The discordance between radiographic evidence of OA and symptom reporting
has already been highlighted. Lawrence et al. (1966) suggested that only 51%
of people with knee OA of grade 2 or more (aged over 45 years) reported knee
pain. Conversely, of those with no or only mild OA (grade 1 or less), 33%
reported pain. Analysis of the NHANES data (Davis et al. 1992) revealed

similar findings with symptomatic OA in 41% of those with knee OA of grade
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2 or more (for ages 45-74), and symptoms in 29% of people with no or only

mild OA.

More recent studies have revealed an even weaker association between
radiographic status and pain reporting. The Framingham (Felson et al. 1987)
and Zoetermeer (Claessans et al. 1990) studies suggest that pain may be
present in only 29% (Framingham, aged 63-94) to 24% (Zoetermeer, aged 20-
80+) of subjects with a minimum of grade 2 OA. Variation between the studies
can possibly be explained by differences in methodology. The work by
Lawrence et al. and the NHANES data are based on non-weight bearing
radiographs. This would have the effect of underestimating the severity of OA,
and would result in subsequent misclassification. In addition, different criteria
for “pain” were used by the different studies. NHANES-I, for example, used
either self-reported knee pain or pain during formal examination as their
criteria for symptomatic knee OA (Davis et al. 1992). This would inevitably

result in higher levels of pain reporting than by questionnaire assessment alone.

Possible reasons for the poor association between physical change and
symptom reporting are not entirely clear (Sharma and Felson, 1998).
Discordance may simply be a result of the relative insensitivity of X-ray
imaging (in which case, use of more recent imaging techniques may reveal a
stronger association). The inclusion of the patellofemoral joint in future studies
may also result in stronger agreement. It has been suggested that up to 24 of
females who report knee pain have got isolated patellofemoral OA (Creamer
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and Hochberg, 1997). Despite such allowances, it is unlikely that discordance
will disappear completely. Consequently, it is possible that knee pain and
radiographic evidence of knee OA represent different entities, and that each has

different putative risk factors.
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1.3 Khnee pain and osteoarthritis

1.3.1 The importance of knee pain

The role of knee pain as an entity for epidemiological study has only recently
gained credence (Laupacis et al. 1992; Hadler, 1992). The shift away from
radiographic change as the primary indicator of disease activity is significant,
for it is symptomatic patients who represent the greatest burden to society. In
addition, greater understanding of the psychosocial aspects of symptomatic OA
has resulted in renewed interest in alternative treatment strategies, such as

patient education or social support (Hadler, 1992).

1.3.2 Aectiology of knee pain

Current understanding of the aetiology of knee OA has already been outlined.
Greater understanding of the aetiology of knee pain reveals a slightly different
pattern of association. Once again, the Framingham and NHANES studies
have proved informative (Felson, 1990; Hochberg et al. 1989). A summary of
our current understanding of the possible interaction of risk factors is presented

(Figure 4).
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Figure 4 Summary of the interaction of risk factors associated with

radiographic knee OA and knee pain

~ Riskfactors for Risk factors for knee
radiological knee OA pain

ePsychological
well-being

ePrior trauma

eGender

eOccupation

ePrevious pain

eAge

ePhysical
activity

« Obesity e X-ray severity

eOestrogen use e Muscle

weakness

Of the factors outlined in Figure 4, low muscle strength and poor psychological
well-being are of particular relevance to the current study. Both have been

identified as risk factors for the development of symptomatic OA and merit

further discussion.

1.3.2.1 Muscle weakness

The knee joint is a complicated structure. Its stability depends on the cruciate
and collateral ligaments, the synovial capsule and the muscles crossing the
joint. The bone morphology of the knee constitutes little to its overall stability.

As a result, the knee is particularly vulnerable to subluxation and damage. Any
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impairment in muscle strength not only reduces joint stability, but also reduces

the limb’s ability to absorb shock during ambulation.

Weakness in the quadriceps muscles has been associated with knee OA
(Slemenda et al. 1998; Slemenda et al. 1997; Dekker et al. 1993). Whilst
reduced muscle strength is a normal feature of ageing, the extent of impairment
seen in people with OA seems greater than that of controls of similar age
(Fisher and Pendergast, 1997). However, the importance of this relationship is
inevitably confounded by methodological problems. The ability to measure
voluntary muscle contraction is largely dependent on subjective factors such as
pain, psychological distress and voluntary effort (Ikai and Steinhaus, 1961). As
a result, it is difficult to quantify the true nature of the deficit. Nevertheless,
recent work involving the use of electrical stimulation of the muscle during
muscle testing (twitch superimposition), has proved useful in supporting the
presence of reduced quadriceps activation in subjects with knee pain (O'Reilly

et al. 1998).

The possible causes of such muscle impairment are far from clear. The
simplest interpretation is that muscle strength is lost due to reduced activity and
loading of the painful joint. However, whilst disuse appears to plays a role in
the development of muscle weakness, it is not sufficient to explain the extent of
impairment observed (Brandt, 1997). A recent community-based study
examined 462 volunteers aged 65 and over (Slemenda et al. 1997). Subjects
were divided into four groups according to presence or absence of radiographic
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OA, and presence or absence of knee pain. This study suggested that muscle
weakness was greatest in people with radiographic OA, regardless of pain
status. Loss of muscle function was thus observed in the absence of joint pain
for some people, and would therefore suggest that disuse is not the primary

cause of muscle weakness.

An alternative argument is that the observed reduction in quadriceps strength in
knee OA is due, at least in part, to arthrogenic muscle inhibition. Arthrogenic
inhibition is not a new concept (Harding, 1929) and involves the inhibition (or
reduced activation) of muscle due to abnormal processes in the joint itself
(Young, 1993). Alternatively it may prove to be other aspects of the diseased
joint, such as joint laxity, which prove to be more important in the aetiology of

knee OA (Sharma et al. 1999).

1.3.2.2 Psychological well-being

The importance of psychological variables as predictors of pain and disability
in knee OA was first highlighted by Summers et al. (1988). This small,
hospital-based study identified depression, anxiety and coping style as being
important independent risk factors for the reporting of pain and functional
impairment in both knee and hip OA. Subsequently, several studies have
examined the impact of psychological variables (Manninen et al. 1997; Davis
et al. 1992; Salaffi et al. 1991). Some of the factors thought to be associated

with the presentation of knee pain are outlined in Table 5.
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Table 5 Psychological factors associated with knee pain and disability.

Cognitive-behavioural
factors: . '

Health impact:

Anxiety and depression

Coping strategies

(the ability of a person to adapt to a
challenge or to successfully confront
a stressor)

Self-efficacy

(the belief that one can perform a
specific behaviour or task in the
future)

Personality type

Locus of control

(the belief that outcomes are under
the control of either one’s own
behaviour [internal locus of control]
or by factors such as chance or other
people [external locus of control]

Learned helplessness

(the degree of inertia and inactivity
observed when people experience
uncontrollable stressors)

Increased anxiety and depression are associated
with increased pain and disability. (Manninen et
al. 1997; Summers et al. 1988)

Also associated with increased health care costs
(Andersson et al. 1999)

Mental distress (including depression,
nervousness, loneliness and sleep disorders) is
associated with an increased risk of hip fracture
(Forsen et al. 1999)

Strategies associated with improved
psychological well-being and greater self-efficacy
include: information seeking, problem solving
and cognitive restructuring (thinking about
people worse-off than self)

Strategies associated with worse psychological
well-being, reduced self-efficacy, and increased
pain, depression and helplessness include:
wishful thinking, self-blame and activity
avoidance.

(Blalock et al. 1995; Manne and Zautra, 1992)

High self-efficacy is related to better functional
capacity and health status (Lorig et al. 1985)
May be the critical element in successful
education programmes (Lorig et al. 1989a)
May be a mediating factor in successful exercise
therapy (Rejeski et al. 1998)

Introverts may have a lower pain threshold than
extroverts (Bird and Dixon, 1987)
Hypochondriacs are more likely to report pain
(Lichtenberg et al. 1998)

An external locus of control is associated with
increased depression, and distress associated with
pain (Skevington, 1983)

Associated with pain and disability (Creamer et
al. 1999; Nicassio et al. 1985)
Also linked with depression (Stein et al. 1988)
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Table 5 (continued).

Environmental factors: Health impact:

Social support e High social support is generally associated with
improved function (Wallston et al. 1983)

Social participation e Low social participation has been associated with
increased mortality (Steffen et al. 1998)

Stressful life events e These may include work-related stressors (e.g.

(taxing environmental events) job insecurity), or social and family pressures

(e.g. illness or marital difficulties)

e Associated with increased Eain and disabilitX

Understanding the impact of psychosocial factors is limited by methodological
difficulties. Most notably, the predominance of cross-sectional surveys means
that causal relationships cannot be established. This is particularly important in
seeking to understand the relationship between pain, anxiety and depression.
Nevertheless, a few prospective studies have suggested that depression may be
an important risk factor for the development of future musculoskeletal pain
(Croft et al. 1995; Magni et al. 1994) and disability (Manninen et al. 1997).
Further work is now needed in order to establish the exact nature of this
relationship. Certainly, an association has been observed between depression
and the extent to which individuals access medical facilities (Dexter and
Brandt, 1994; Katz and Yelin, 1993). Greater understanding of the impact of
psychological variables may be especially pertinent for patients seeking

medical assistance.

A more fundamental problem in elucidating the role of psychological factors is
the difficulty of quantifying psychological processes. Many outcome
instruments have been developed for a range of psychosocial variables
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including: anxiety and depression, coping strategies, learned helplessness, self-
efficacy, locus of control, social support and social participation (Boston et al.
1990; Lorig et al. 1989b; Regan et al. 1988; Brown and Nicassio, 1987;
Nicassio et al. 1985; Radloff, 1977; Holmes and Rahe, 1967). The variety and
complexity of these instruments often prohibits meaningful comparison and has

resulted in potentially conflicting results (Blalock et al. 1995).

For example, in comparing two scales designed to address the use of different
coping strategies, the importance of specific questions is apparent. The Pain
Management Inventory (Brown and Nicassio, 1987) identifies “active coping”
as an appropriate coping strategy, whereas the Coping Strategies Inventory
(Tobin et al. 1989) identifies “problem avoidance” as a maladaptive coping
strategy. Intuitively, such classification appears logical and informative.
However, closer examination of specific questions reveals surprising

similarities between the two sub-scales (Table 6).
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Table 6 Summary of questions relating to coping strategies as assessed by the
Pain Management Inventory and the Coping Strategies Inventory. (Adapted
from Blalock et al., 1995).

Actlvecopmg strategies Problem avoidance strategies

(assomatedmthposmve bﬁftcbrﬁés). , (aséociated with negative outcomes).
“ignoring the pain” “I go along as if nothing is happening”
“distracting attention from the pain” “I make light of the situation and

refuse to get too serious about it”.

Despite such limitations, recognition of the importance of psychosocial
variables in the development of knee pain has resulted in the provision of new
and unusual treatment options. In particular, the development of cognitive-
behavioural programmes such as the Arthritis Self-Management Programme
(Lorig et al. 1999; Lorig et al. 1993b; Lorig et al. 1984) has emphasised the

importance of patient education and behaviour modification in the treatment of

OA.

1.3.3 Knee pain and disability

The importance of knee pain as an indicator of disability has been identified in
several cross-sectional surveys (Jordan et al. 1997; Hofman et al. 1991;
Hochberg et al. 1989). Knee pain is particularly associated with lower limb
disability; especially in situations involving weight transfer. Walking, rising

from sitting, climbing stairs and getting in / out of a car or bed have all been

(o5}
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reported to be increasingly difficult in the presence of knee pain (Odding et al.
1998; Davis et al. 1991). A more unexpected finding is the association
between knee pain severity and impairment in upper limb function. The
Johnston County OA project (Jordan et al. 1997; Jordan et al. 1996)
interviewed 1,272 African-American and Caucasian individuals aged 45 years
and over. After adjusting for age, race, sex, BMI and radiographic severity,
moderate to severe knee pain was associated with impairment in all 20 of the
activities of daily living (from the Health Assessment Questionnaire — HAQ).
Indeed, even mild knee pain was associated with 16 of the possible 20
activities. Similar findings were observed in the NHANES-I follow-up study

for women with knee OA (Davis et al. 1991).

Several probable reasons for an association between knee pain and upper limb
disability have been identified (Jordan et al. 1997). Firstly, the presence of
generalised OA would result in greater upper limb involvement than might be
predicted from an examination of a single joint. This may explain the stronger
effect seen in women since generalised OA is more common in females
(Gunther et al. 1998). A further explanation could be the influence of
comorbidity, which again is a common feature of people with OA (Gabriel et
al. 1999; Hochberg et al. 1995). Finally, the impact of psychological distress
should not be ignored. Depression and anxiety have been associated with
increased pain reporting (Creamer et al. 1999: Croft et al. 1995), and may well
be associated with increased willingness to report disability at multiple sites

(Summers et al. 1988).
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Recent studies have pointed to several important factors in determining knee
related disability. As with knee pain, both muscle strength and psychological
variables are important. A cross-sectional study of 200 patients, examined the
relationship between radiological, kinesiological and psychological
characteristics in patients with hip or knee OA (van Baar et al. 1998a). This
study identified significant associations between disability and muscle
weakness, range of joint motion and pain coping strategies, but not with
radiographic severity. In particular, patients were more disabled if they had
weaker muscles (flexion and extension), reduced range of movement, and if
they employed coping strategies which involved either resting or worrying.
For hip OA (but not knee OA), the presence of pain was also associated with

disability.

Similar findings were observed in a community-based study of subjects both
with and without knee pain (McAlindon et al. 1993a), although in this study,
knee pain was significantly associated with reported disability (along with
reduced muscle strength and increased age). Once again, the addition of
radiographic status did not improve the model and was assumed to make no

independent contribution to disability in these subjects.
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1.4 Treatment of knee osteoarthritis

Given the prevalence of OA and its associated morbidity, it is possibly
surprising that access to health service provision is not substantially higher than
is currently seen (Dieppe et al. 1999). The ability to cope with knee OA is
associated with a range of psychosocial factors, but seems to be largely
unrelated to disease severity (Salaffi et al. 1991). The need to seek medical
assistance for the relief of knee pain may reflect a person’s difficulty in coping
with the pain and disability of OA, rather than being the inevitable result of the
disease itself (Hadler, 1992). Greater understanding of this fact allows
flexibility in the investigation of potential treatment options and has led to
renewed interest in the benefits of non-pharmacological interventions. In
addition, the importance of improving communication between patient and
physician (Donovan and Blake, 2000; Britten et al. 2000) and an emphasis on
joint decision-making, have gained credence in recent years (Holman and

Lorig, 2000; Clark and Gong, 2000).

The current guidelines for the medical management of knee OA, are
summarised in Figure 5. Whilst the impact of pharmacological therapies
(particularly the use of NSAIDs) for the treatment of OA has been widely
explored (Moore et al. 1998; Paakkari, 1994; Dieppe et al. 1993), less is
known regarding the use of non-pharmacological therapies. This may be due.

at least in part, to the methodological difficulties inherent in the investigation
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exercise therapy (Dieppe and Szebenyi, 2000). Other interventions are
available for the treatment of knee pain, such as surgery or osteopathy. but
these areas fall outside the remit of this thesis. Further discussion of treatment
options has therefore been limited to the two areas most relevant to this body of

work, namely physical therapy and psychosocial support.

Figure 5 Summary of guidelines for the medical management of knee OA (from
ACR subcommittee on OA guidelines, 2000).

Non-pharmacological therapy:
e Patient education (self-management programs)
e Health professional social support via telephone contact
e  Weight loss (if overweight)
e Physical therapy:
—range of motion exercises
— quadriceps strengthening exercises
— aerobic exercise programs
— assistive devices for ambulation
e Knee support
— patellar taping
— appropriate footwear
— lateral-wedge insoles
— bracing
e  Occupational therapy:
— joint protection and energy conservation
— assistive devices for activities of daily living

Pharmacological therapy:
e Oral
— Acetaminophen
— COX-2-specific inhibitor
— Nonselective NSAID plus misoprostol or a proton pump inhibitor
— Nonacetylated salicylate
e  Other pure analgesics
— Tramadol
— Opioids
e Intrarticular
—.Glucocorticoids
— Hyaluronan
e Topical
— Capsaicin
— Methvisalicylate
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1.4.1 Physical therapy

The use of physical therapy in the treatment of OA is somewhat controversial.
Until relatively recently, exercise was thought to aggravate symptoms and to
hasten disease progression (Ytterberg et al. 1994). Patients were instructed to
rest an inflamed joint and to avoid weight-bearing activity. However, more
recent opinion is that exercise therapy can be both effective and safe in an
elderly arthritic population (van Baar et al. 1999; Minor, 1996; Semble et al.

1990).

Exercise therapy for knee OA generally falls into two categories: 1) muscle
strengthening (particularly the quadriceps muscles) and 2) aerobic conditioning
(Ytterberg et al. 1994). Both forms of exercise are reported to result in
functional improvement and pain reduction in patients with knee OA (Ettinger
etal. 1997; Kovaret al. 1992). The ideal combination of aerobic and
quadriceps strengthening exercises is currently unknown, although it seems
likely that activities that can most easily be built into existing lifestyles will
prove to be most beneficial. The wide variety of exercise programmes seen to
date hinders direct comparison and further research is required in establishing

the most effective and safe exercise programme (Maurer et al. 1999: van Baar

et al. 1999).

Whilst exercise is now generally accepted as beneficial in the treatment of OA.

this belief has been founded on relatively little scientific evidence. Many of the
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primary studies are limited by poor methodology. With a few exceptions,
almost all early studies have been short-term (<16 weeks). They have
frequently been uncontrolled, have been based on small sample sizes and have
failed to conduct intent-to-treat analysis (van Baar et al. 1999; Marks, 1993).
In addition, the psychosocial aspects of delivering an exercise intervention
have been relatively ignored. However, the last 3 years have seen a
considerable increase in the number of well-conducted, and informative
studies. A summary of recent exercise studies for the treatment of knee OA is
presented (Table 7). With the exception of the Kovar et al. study (1992), all
have been reported within the last 3 years and represent a considerable advance
in our understanding of the possible impact of exercise therapy in the treatment
of knee pain and knee OA. Nevertheless, most studies have still been short-
term in duration (excluding the Ettinger study in 1997), have involved intensive
exercise programmes (usually supervised exercise, 3 times per week) and have
employed strict inclusion criteria. Only one study employed a pragmatic
approach, with realistic treatment provision, intent-to-treat analysis and broad
inclusion criteria (O'Reilly et al. 1999). This study was of 6-month duration

but did not control for the psychosocial aspects of exercise provision.
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Table 7 Summary of recent exercise studies.

Authors Subjects - | Interventions | Duration | ITT ee | Comments
= . | analysis o
Deyle et al. 83 patients who were eligible | Manual physical Interventions | No Not reported | Total WOMAC Individual
(2000) for military healthcare therapy and delivered in score including treatment
Inclusion criteria: supervised exercise 8 sessions pain, stiffness and | schedule used.
USA study e ACR criteria for knee OA (n=42) (4 weeks), physical function. | Study population
(Army medical assessed at Exercise = 36% and medical
centre) Placebo treatment — 24 months improvement facilities possibly
subtherapeutic not representative
ultrasound Placebo = 12% of wider
(n=41) improvement population
O'Reilly et al. 191 community-based subjects | Daily home-exercise | 6 months Yes Not reported | Exercise = 22.5% | Pragmatic study
(1999) aged 40-80 years (4 treatment sessions) improvement
Inclusion criteria: (=113} No psychosocial
British study ° Se]f-rep()rted knee pain Control = 6.2% control
No intervention improvement
(n=78)
Maurer et al. 113 physician referred patients | Supervised strength 8 weeks of No Not reported | Exercise = 36% Treated most
(1999) aged 50-80 years training (3 times / intervention, improvement symptomatic knee
Inclusion criteria: week) assessed at only
USA study e ACR criteria for knee OA n=31) 12 weeks Education = 22%

e Knee pain for 23 months

e X-ray grade =1

e No OA medication other
than oral NSAIDs or
analgesics

Education (4 lectures)
(n=156)

improvement

Lacked a no
intervention
control group

Limited sample
size
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Table 7 (continued).

Qs Subjects ‘Interventions | Duration | ITT | Adheren - [Comments
van Baar et al. 201 GP referred patients aged | Individual 12 weeks 91% Exercise = 46% Not possible to
(1998) 40-85 years physiotherapy (1 to 3 improvement isolate patients
Inclusion criteria: times / week with knee OA in
Dutch study ¢ ACR criteria for knee or hip | depending on pain) + Education = 13% | results
OA GP education improvement
(n=99) Expensive
individual
GP education physiotherapy
(n=102)
Ettinger et al. 439 community-based subjects | Aerobic or resistance | 18 months. Yes 85% at 3 Aerobic exercise 1* long-term
(1997) aged 260 years exercise (3 months months = 12% study
Inclusion criteria: supervised 3 times / improvement over
USA study e Self-reported knee pain. week, followed by 15 70% at 9 education Intensive
e Difficulty with >1 activity months home months programme
of daily living exercise, supported Resistance (unlikely to reflect
e Tibiofemoral OA (grade not | by Visits and phone 50% at 18 exercise = 8% actual treatment
specified) calls) months improvement over | provision in
education community)
Education (3 group
sessions followed by Education = not Lacked a no
regular telephone reported intervention
contact) control group
Bautch et al. 34 patients recruited from the | Exercise (3 times / 12 weeks No Not reported | Exercise = 37% Exercise
(1997) community and hospital week) + education improvement participants had
clinics aged >58 years (n=17) Education = more severe

USA pilot study

Inclusion criteria:
e ACR criteria for knee OA

Education (weekly)
(n=17)

42.5% worse

disease and higher
BMI at baseline
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Table 7 (continued).

Authors Subjects Interventions | Duration |ITT | Adk e | Kneepain | Comments
| . . |analysis | e
Kovar et al. 102 hospital patients aged >40 | Hospital-based 8 weeks No Exercise = 27% Intensive
(1992) years supervised walking (3 improvement. programme of
Inclusion criteria: times / week) + Control = 2% short-term
USA study e Radiographic OA education improvement duration
e >4 month history of knee (n=51)
pain
® NSAIDs used = 2 / week. O
(=51)
Sullivan et al. 52 subjects from earlier study | Follow-up of earlier 12-month No Returned to | Returned to Limited sample
(1998) (Kovar et al. 1992) study follow-up baseline baseline size but useful
USA study Walking (n = 29)

Control (n = 23)

follow-up data
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Whilst the majority of studies have concentrated on the effects of muscle
strength training, improved health status has also been reported for aerobic
exercise, which has the advantage of being easily incorporated into daily life.
One influential study (Kovar et al. 1992) described a group of hospital and GP
referred patients who had radiographic evidence of knee OA, self-reported
knee pain and regularly used non-steroidal anti-inflammatory drugs (NSAIDs).
The initial study was for an 8-week period and involved both supervised fitness
walking and supportive fitness education. Controls for the study received
normal medical care, with no further intervention from the investigators. This
study was able to demonstrate clinically meaningful improvement in walking
distance, functional status, pain and medication use in those subjects in the
fitness walking group compared with controls. However, a follow-up study
showed that the majority of patients failed to maintain their regular walking
activity after one year(Sullivan et al. 1998). As a result, the functional benefits
associated with the programme were lost. It is clear that future work needs to
examine ways in which patients can become more pro-active in their own
treatment regime, and to establish factors that may influence future adherence

(Clark and Gong, 2000; Jensen and Lorish, 1994).

A study that addressed the issue of adherence examined exercise beliefs in
relation to an individual’s likelihood to participate in exercise (Gecht et al.
1996). Arthritic subjects aged 27-80 years were asked about their participation
in six types of exercise: all of which are commonly recommended for people
with OA (e.g. swimming. water cxercises, brisk walking. range of motion
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exercises). An exercise belief questionnaire was used to assess individuals’
beliefs regarding self-efficacy (the extent to which they felt capable of
performing an activity), the possible barriers to exercise and the potential
benefits of exercise. This cross-sectional survey suggested that those people
most likely to exercise 1) believed in the positive benefits of exercise and 2)

had higher self-efficacy scores than those who did not exercise.

Both self-efficacy and pain have been identified as mediating factors in
effective exercise therapy (Rejeski et al. 1998) and are useful in predicting
future adherence (McAuley et al. 1993). Findings such as these support the
growing recognition of the importance of cognitive-behaviour programmes in
the treatment of OA. Such programmes commonly include exercise therapy as
just one element of a wider education programme, and are designed to alter
patient’s knowledge, behavioural skills, attitudes and emotions (Lorig et al.

1993a) (Lorish and Boutaugh, 1997).

Finally, the attitude of health professionals is worth noting. To date, OA
patients have received somewhat conflicting advice with regard to exercise
activity. Conflicting advice has been identified as an importance source of
misunderstanding between patient and physician and may be an important
factor in reduced treatment adherence (Britten et al. 2000). It is clearly
important for consistent information to be delivered by GPs, rheumatologists,

nurse practitioners and self-help groups (Holman and Lorig. 1997).
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1.4.2  Telephone support

Telephone support from health professionals was identified as an effective
treatment option in the guidelines for the medical management of OA (ACR
subcommittee on osteoarthritis guidelines, 2000). Support and advice from
health professionals is of key relevance in assessing the efficacy of exercise
therapy, and yet few studies have adequately controlled for the effects of

contact with a health professional.

The possible effectiveness of telephone support in relation to OA was first
identified by Weinberger and his colleagues over a decade ago (Weinberger et
al. 1986). This initial uncontrolled study examined the effect of bi-weekly
telephone calls to patients with OA over a period of 6 months and was able to

demonstrate significant improvement in functional status.

A subsequent study by Weinberger et al. (1989) expanded on this early work
with a large RCT involving 439 subjects. Once again, the study looked at the
provision of information and support, with subjects being randomised to one of
four treatment groups. These included: a) monthly telephone contact by trained
lay-personnel, b) contact with lay-personnel during normal clinic visits, ¢)
combined telephone contact and clinic contact and d) no change to existing
treatment. Telephone support was identified as producing significant
improvement in both physical function and pain, with a slight additional

improvement in psychological health. However, this study was based on a

44



CHAPTER 1: INTRODUCTION

sample of predominantly black females, of low socio-economic class. The

ability to generalise findings to a wider population was therefore limited.

More recently, a study by Maisiak et al. (1996) examined the impact of two
different types of telephone intervention in subjects with both OA and RA.
This study involved 405 subjects of a more representative demographic mix
than was used in the Weinberger study, and extended over a nine-month period.
The two telephone treatment arms involved: 1) treatment counselling (designed
to increase patient involvement), 2) symptom monitoring (provided social
support, but no advice or direct patient involvement). The control group
received their normal level of medical care. Once again, an overall
improvement in physical health was observed with significant improvements in
physical function and pain for the treatment counselling group, (improvements
were also seen in the symptom monitoring group, although these did not reach

significance at the 5% level).

It would seem that telephone support produces significant improvements in
health status, and that the magnitude of this effect may be of some clinical
significance. However, the exact mechanism for this improvement is poorly
understood. Weinberger et al. found little support for an impact on any of the
most obvious intervening factors, including treatment adherence, morale, social
support or satisfaction with care (Rene et al. 1992). Nevertheless, limited
evidence is available to support the belief that support reduces the stress
associated with chronic illness (Weinberger et al. 1990). Others have
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suggested that regular contact encourages people to concentrate on improving
their functional status (with self-help activities), rather than ignoring health

1ssues (Maisiak et al. 1996).

Regardless of the mechanisms involved, telephone support (from either health
professionals or trained lay-personnel) appears to represent an extremely cost-
effective method of achieving and maintaining health benefits in OA patients.

As such, its further investigation and recognition is certainly warranted.
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Are two or more

1.5 Economic evaluation of osteoarthritis

1.5.1 Economic evaluation techniques

Economic evaluation has been defined as:

“the comparative analysis of alternative courses of action in

terms of both their costs and consequences.” Drummond et al.

(1997) p. 8.
This definition includes two key concepts, which are fundamental to any
economic analysis. Namely, the inclusion of both costs and consequences, and
the concept of the comparison of competing alternatives. These two aspects
can be used to identify the type of analysis being undertaken and to distinguish
between partial and full economic analyses. This concept is demonstrated

more fully in Table 8.

Table 8 Factors used to distinguish the characteristics of different health care

evaluations (from Drummond et al. 1997).

Are both cost and consequences of the alternatives examined?

NO YES
o~ ,
3 Examines only Examines only costs
] consequences
3
o NO PARTIAL PARTIAL Vv IATION
3 EVALUATION EVALUATION DL
L Outcome Cost description Cost-outcome description
= description
qE) PARTIAL PARTIAL FULL ECONOMIC
% EVALUATION EVALUATION EVALUATION
Efficacy or Cost analysis Cost-minimization
YES effectiveness Cost-effectiveness
evaluation Cost-utility
Cost-benefit
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For the purposes of this study, two types of economic evaluation are

particularly relevant:

a) cost-effectiveness analysis

b) cost-utility analysis.

Whilst these two forms of analysis are essentially very similar, it is important
to recognise the difference between the two, and the potential strengths and

weaknesses of each.

1.5.1.1 Cost-effectiveness analysis

Definition: This analysis measures the cost of compared medical treatments in
relation to clinical outcomes, which are measured in physical units (e.g. life-
years saved, number of operations performed or changes in functional ability).

Results are presented as a ratio statistic in terms of cost per unit of outcome.

Cost-effectiveness analysis is a useful tool in comparing the health
consequences of treatments designed to elicit similar health outcomes. Its
primary use is in estimating the incremental costs of providing one intervention
over another, rather than in attempting to value outcomes per se. Cost-
effectiveness analysis is not able to make comparisons between evaluations in
the same or different treatments and disease areas where the measures of
outcome differs. For example, it is of little use comparing the consequences of
open-heart surgery (possibly in terms of life-years saved) with that of knee

replacement surgery (possibly in terms of physical disability or pain). In order
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to include the benefits of a range of relevant beneficial and adverse outcomes

in one measure cost-utility analysis has developed.

1.5.1.2 Cost-utility analysis

Definition: This analysis measures the cost of medical treatments in relation to
quality-of-life (e.g. quality-adjusted life-years, or QALYSs). Results are

presented in terms of cost per QALY.

Cost-utility analysis is based on utility theory and measures the expected gain
(or utility) from the consumption of a good or service. In terms of health care,
this equates to the value placed on health gains derived from the use of health
care interventions. Fundamental to cost-utility analysis is the concept of the
quality-adjusted life-year (QALY). The advantage of the QALY is that it
combines the quality of life (morbidity) with the quantity of life (mortality) into

a single measure.

The immediate appeal of cost-utility analysis is that it provides a common

‘currency’ (QALYs) with which to compare disparate treatments. In this way,
decisions can be facilitated regarding the appropriate allocation of funds across
a range of treatments, whilst avoiding the pitfalls of trying to place a monetary
value on intangible items such as pain and suffering (the major difficulty faced
by cost-benefit analysis). Unfortunately, it is this very comparability which has

led to one of the major debates surrounding cost-utility analysis; namely the
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use of ‘cost per QALY gained’ league tables. In such tables items are ranked
according to their cost per QALY. Rank order, rather than patient need
governs recommendations for treatment priority. Such methods have caused
controversy in the past and whilst league tables have a unique role to play in
health policy decision-making, they should nevertheless be treated with caution
(Gerard and Mooney, 1993). In particular, doubt has been cast on the
comparability of QALY measures when findings are based on poorly executed
and methodologically varied primary studies. The relative insensitivity of
some generic utility measures also means that interventions resulting in only
small changes in perceived quality-of-life might be dismissed as ineffective.
Whether little difference in utility in the presence of clinical improvements
reflects insensitivity in the instrument or changes that the patient or society do
not value is still a matter of debate.

Despite these limitations, cost-utility analysis has a unique role to play in
informing policy decision making and has become increasingly recommended

by health policy decision-makers.
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1.5.2 Presentation of cost data
1.5.2.1 Cost-effectiveness plane

An indication of cost-effectiveness (CE) is often presented using the cost-
effectiveness plane, as shown in Figure 6. The CE plane is divided into four
quadrants, which represent four possible situations in relation to the relative
cost and health outcomes of a new therapy compared to standard care. In
quadrants I and IV, one therapy is simultaneously cheaper and more effective
than the other and is said to dominate. In reality, most interventions fall within
either quadrants I or III. In these cases, a decision must be made. In quadrant I
the new treatment is considered to be more effective, but more costly (the most
common scenario). In quadrant III the new therapy is less costly, but is also

less effective.

Figure 6 The cost-effectiveness plane (taken from Briggs & Fenn, 1998).
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In order to make a decision as to the cost-effectiveness of a given intervention,
it is necessary to identify an acceptable value (or criticial ratio) for the
incremental cost-effectiveness ratio (ICER = A cost / A effect). Below this
value a therapy may then be labelled as cost-effective. Such a value is
represented by the dashed line on Figure 6. This line has its origin at the point
where the new therapy is equivalent to the old therapy. For points lying below
the line, new interventions are labelled as being cost-effective. For points
above the line, the new therapy should be labelled as ineffective. This line or
“acceptability surface” can be used to calculate the probability that the ICER is
under a certain acceptable limit and is presented in the form of an acceptability

curve (van Hout et al. 1994).

1.5.2.2 Cost-effectiveness acceptability curves

Acceptability curves were first described by van Hout et al. (1994), and
represent an intuitive means of interpreting cost-effectiveness data. The
increasing use of economic analysis alongside clinical trials has allowed the
collection of patient-specific data relating to both costs and health outcomes.
An acceptability curve illustrates the probability that a given intervention 1s
cost-effective for different estimates of an acceptable cost limit. This
represents a considerable advantage over alternative means of describing
uncertainty within the dataset and makes it a useful tool for medical decision-
makers faced with varying financial and political constraints (Briggs and Fenn,

1998). An example of a typical acceptability curve is illustrated in Figure 7. In
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this example, there is a 80% probability that the intervention will be cost-
effective if the provider is willing to pay over £480 per unit of effect.
Probability at the 50% level (£140) represents the point estimate of the mean

ICER that is traditionally reported.

Figure 7 Example of a typical acceptability curve.
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1.5.2.3 Sensitivity analysis

Whilst acceptability curves provide an indication of variability in the dataset,
there are other areas of uncertainty inherent in the process of gathering cost
data for cost-effectiveness analysis. The usual means of exploring these areas
of uncertainty is through sensitivity analysis. This may include uncertainty
regarding unit costs, methodological considerations or issues of generalisability
(Briggs and Fenn, 1998). Sensitivity analysis involves the systematic
application of alternative estimates relating to parameters included in the

analysis (including uncertainty relating to both costs and outcomes). In this
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way the impact of assumptions made during the analysis process can be
quantified and the robustness of the resulting cost-effectiveness ratio can be
explored. The choice of parameters to be included in the analysis should be

justified, as should the plausible range of values employed (Briggs et al. 1994).

A recent review suggested that appropriate sensitivity analysis was still lacking
from many economic evaluations published in the literature (Briggs and
Sculper, 1995). Whilst general agreement now exists to suggest that sensitivity
analysis should be conducted (Drummond et al. 1996), few guidelines exist as
to the exact nature of the sensitivity analysis required (Jefferson et al. 1996).
Several forms of sensitivity analysis have been reported. These include one-
way; multi-way; extreme; threshold; and probabilistic sensitivity analysis. The
simplest and most common form of analysis is one-way or univariate
sensitivity analysis. This examines the impact on the C/E ratio of varying the
estimated value of one parameter at a time. One-way sensitivity analysis is
commonly used, but has been criticised for being too simplistic in nature;
particularly as it ignores the possible interaction of different parameters
(Johnston et al. 1999). In order to address this issue, multi-way analysis can
be performed. This involves the systematic manipulation of several parameters
at one time. Extreme sensitivity analysis is used to present the possible ‘best’
and ‘worst’ case scenarios by combining the most extreme estimates for each
parameter. It has been argued that this method is only useful if the results are
very insensitive to change. Otherwise, a broad (and possibly unrealistic) band
of uncertainty may be identified (Gold et al. 1996). Threshold analysis
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requires the manipulation of parameters to the point whereby the most cost-
effective treatment is no longer dominant. Finally, probabilistic sensitivity
analysis involves the use of Monte Carlo simulation techniques to address
areas of uncertainty in the dataset. Values are selected at random from a given
distribution to generate the value of a parameter, over several iterations. In this
way various parameters can be considered across a range of plausible values at

one time (O'Brien et al. 1994).

1.5.3 Cost analysis within rheumatology

The last decade has seen an increase in the total number of economic
evaluations within the medical literature (Elixhauser, 1993). Despite this
increase, several reviews have pointed to the relatively poor quality of
economic research (Rothfuss et al. 1997; Adams et al. 1992; Udvarhelyi et al.
1992). Udvarhelyi et al. (1992) compared studies published from 1978-1980
with those published from 1985-1987. They found little evidence for any
improvement in quality over time, although articles published in general
medical journals were more likely to use appropriate analytical techniques than
those published in medical subspecialties. A review of economic analyses
conducted alongside RCTs between 1966 and 1988 (Adams et al. 1992)
revealed that only 121 of over 50,000 studies (0.2%) included economic
analysis. Of those studies involving economic analysis, the most common
deficiencies were the inappropriate allocation of overheads. a lack of sensitivity

analyses and the presentation of costs and benefits in a disaggregated form.

th
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Within the field of rheumatology several more recent reviews have been
published. Ferraz et al. (1997) concluded that well-conducted economic
evaluation in the discipline was still lacking. Following an extensive
MEDLINE search (covering the period 1966 — 1995), they found just 13 full
economic evaluations relating to OA (8 of which investigated the use NSAIDs.
Large gaps existed in the investigation of many aspects of the treatment and
management of OA. In addition, the poor comparability of those studies that

did exist, meant that inconsistent results were difficult to interpret.

More encouragingly, a review of cost-effectiveness analyses conducted during
the year 1996-1997 suggested an improvement in the quality of economic
analysis within the field (Maetzel et al. 1998). These investigators identified
the major shortcoming of more recent studies to be the over-reliance on

estimated costs, rather than on prospectively collected resource use data.

One explanation for an improvement in the quality of studies in recent years is
the establishment of explicit guidelines for conducting economic analysis
(Ruchlin et al. 1997; Russell et al. 1996; Weinstein et al. 1996; Drummond et
al. 1996). It is hoped that the wider acceptance of such guidelines will greatly
improve the reliability and generalisability of results across all disciplines. A

composite of the guidelines is outlined in Table 9.
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Table 9 Summary of the guidelines for economic analysis (adapted from

Drummond & Jefferson, 1996; Weinstein, 1996 and Ruchlin, 1997).

1. Clear specification of the question:
Alternative clinical interventions should be stated.

2. Choice of an explicit point of view:
Societal, health provider or individual?

3. Description of medical effectiveness:
Source(s) and reliability of data.

4. Appropriate identification of costs:
Direct medical costs, indirect costs and intangible costs.

5. Presentation of both input and output in physical units.

6. Identification of credible unit costs:
Distinction should be made between fixed and variable costs.

7. Discounting:
Adjusting future costs/benefits to present day values.

8. Incremental analysis:
Difference between an intervention and the next best alternative should be

presented for both costs and consequences.

9. Sensitivity analysis:
Identification of uncertainties and bias. Are the study results sensitive to
change?

10. Allissues included in results:
Difficulties, assumptions and ethical considerations.

57



CHAPTER 1: INTRODUCTION

1.5.4 Economic impact of osteoarthritis

Until quite recently, the socio-economic impact of OA was considered to be
relatively slight (particularly in comparison with RA, which incurs higher direct
medical costs and has greater associated disability). ‘However, the markedly
higher prevalence of OA (8.7%-12.3% for OA versus 0.2%-1% for RA) means
that the cost to the health provider is nearly seven times greater for the treatment
of OA than it is for the treatment of RA (Lanes et al. 1997). The economic
impact of musculoskeletal disorders has been estimated to be as great as the
economic consequences of cancer (Badley, 1995b), and yet cost-of-illness studies
for OA are markedly lacking (Huijsman, 1995). The majority of studies to date
are based on American datasets and deal either with musculoskeletal conditions
in general (Yelin and Callahan, 1995), or concentrate exclusively on rheumatoid
arthritis (Cooper, 2000; van Jaarsveld et al. 1998; Rothfuss et al. 1997). To
isolate the costs incurred by OA is difficult. Nevertheless, several recent studies
have attempted to address this issue. For ease of comparison, all figures are
quoted with 1996 £ sterling equivalent values in brackets. Conversions were
made using the current exchange rate of £0.69 per USS$ and adjusted for inflation

using the hospital and community health services pay and prices index.

Lanes et al. (1997) looked at the provision of medical services for OA patients
over the period 1993 to 1994. They reported average direct medical costs for the
treatment of OA related conditions of $543 (1996, £394) per patient per year.
Almost half of this amount was accounted for by hospital care (46%). despite

only 5% of OA patients having received such care. The distribution of

58



CHAPTER 1: INTRODUCTION

costs was thus highly skewed. The majority of patients incurred costs of less

than $400 (1996, £290) per year.

Other work by Gabriel et al. has contributed greatly to our understanding of the
economic impact of OA (Gabriel et al. 1997a; Gabriel et al. 1997b; Gabriel et
al. 1995). In particular, the importance of examining all medical costs rather
than those attributable to OA alone has been highlighted. OA patients show
significantly higher direct medical costs for a range of conditions (respiratory,
cardiovascular, gastrointestinal, neurological, psychiatric and general medical
care) than non-arthritic controls (Gabriel et al. 1997a). Comorbidity is known
to be high amongst OA patients, although exact reasons for this remain unclear.
Some conditions (such as diabetes) may be associated with the aetiology of
OA, whilst others (such as gastrointestinal complications) may stem from OA

treatments themselves (Hochberg et al. 1989).

The impact of indirect costs and non-medical expenditure is also high. (Gabriel
et al. 1997b; Gabriel et al. 1995; Yelin and Callahan, 1995). OA subjects are

more likely than age-matched controls to report a reduction in work hours due

to illness (10.5% of OA and 1.7% of controls reported reduced hours), and are

more likely to have taken early retirement (13.7% of OA and 3.4% of controls)
(Gabriel et al. 1995). This finding is confirmed by Hochberg et al. (1995)

who identified OA as being the second most common cause of early retirement

in the US (>5% per year).
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Gabriel et al. also noted that OA patients need high levels of informal care
(help from family and friends) as a result of their condition, and that they incur
additional expenditure for the purchase of equipment (medical equipment,
assistive devices and the installation of ramps or rails). Disregarding wage
losses (which were excluded from analysis because of large differences in
hourly wages across the 3 groups) average indirect and non-medical
expenditure for 1992 was $593 (1996, £445), $282 (1996, £211) and $57

(1996, £43) for RA, OA and non-arthritic controls respectively.

In summary, OA inflicts a sizeable economic burden on society. Whilst direct
medical costs can be relatively modest in the majority of cases, the large
number of people affected ensures that the health service incurs a substantial
cost. Analysis of the indirect costs of arthritis suggests that the wider burden

on society 1s even greater.

1.5.5 Intangible costs associated with osteoarthritis

Intangible costs reflect the cost of pain, suffering and disability incurred by OA
sufferers and their family. By their very nature, intangible costs are difficult to

value in monetary terms. Nevertheless, consideration of the impact of such

costs on daily life 1s important.

Until fairly recently, the psychosocial impact of OA had been relatively

neelected. However. survey data have revealed considerable levels of pain,
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limited functional capacity and social isolation (Hochberg et al. 1995; Badley

et al. 1994; Davis et al. 1991).

The 1990 Ontario Health Survey contacted 45,650 individuals aged 16 and
over (Badley, 1995a). Their findings showed OA to be the primary cause of
long-term disability in Canada (2.3%); ahead of circulatory disease (1.4%).
Disability was higher in women (3.8%) than men (1.6%), and showed a marked
increase with age (from 0.1% for the 16-24 age group to 20.6% for those aged
85 years and older). Of those reporting OA associated disability, three quarters
were dependent on others for help at least occasionally, and almost half needed
help at least every few days. These findings were mirrored in the degree to
which people with disability suffered from social isolation, with 13.2% never

visiting friends or relatives.

1.5.6 Cost of knee osteoarthritis

Given the difficulty in isolating the economic impact of OA from other
musculoskeletal conditions, it is possibly not surprising that cost data relating
specifically to the knee joint are lacking. The relative importance of knee OA
in dictating health service resource use compared with other forms of OA such

as back or hip arthropathy requires further investigation.
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1.5.7 Economic evaluation of treatment provision

Although arthritis has serious health consequences, Rothfuss et al. reported that
“the gap between the importance of the socioeconomic effects
of RA and OA and the research conducted in this field is

considerable.” (Rothfuss et al. 1997 p771).

Following an extensive MEDLINE search, they found 44 studies that presented
original cost data (the majority of which concentrated on RA rather than OA),
only 6 of which had performed an economic evaluation of the provision of a
rheumatology service, and no cost-utility analyses. Clearly the need for well-
directed and thorough economic evaluation is of paramount importance if
rheumatological services are to compete for finite resources within the health

sector.

Existing cost-effectiveness data concentrates primarily on either the cost-
effectiveness of surgical management (Chang et al. 1996; Liang et al. 1986) or
on treatment with prescribed drugs (Gabriel, 1995; Paakkari, 1994; Hillman
and Bloom, 1989). Whilst these areas are clearly important elements in the
treatment of arthritis, patient education, telephone support, weight loss,
physical therapy and occupational therapy should not be ignored. It is these
aspects of care which are of greatest relevance to the current study and which

have been relatively neglected in the literature to date.
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As previously discussed, Rene et al. (1992) and Weinberger et al. (1989)
reported reduced knee pain and improved physical health following monthly
telephone calls by non-medical staff. A subsequent cost-effectiveness analysis
Weinberger et al. (1993) revealed telephone support to be highly cost-effective,
largely as a result of its extremely low implementation costs ($14.88 per
person, 1996 £13). No differences were found in levels of health care
utilisation. The authors were unable to provide an accurate comparison with
any alternative form of treatment, such as an exercise programme, although
they did hypothesise that telephone support and physical therapy would

probably have similar costs per unit of effectiveness gained.

Other studies have concentrated on the provision of information and self-
management with a view to encouraging patients to access health care systems
more appropriately. Lorig et al. reported the Arthritis Self-Management
Programme (ASMP) as being able to produce sustained improvement in
indicators of pain and depression, whilst reducing physician visits by up to
40% (Lorig et al. 1995). Estimated savings over a 4-year period were of the
order of $648 (1996, £573) per RA patient and $189 (1996, £167) per OA
patient (Lorig et al. 1993b). Similar findings were reported by (Cronan et al.
1997a), who examined the impact of social support, education or a combination
of the two in reducing health care costs of patients with OA. They reported
potential annual savings of $1,156 (1996 £818) per person, with no obvious
decrease in health status. The markedly higher potential saving demonstrated
by the latter study partially reflects the characteristics of the studv population.
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This was a group of extremely high service users (mean number of contacts
during the one year baseline period was 16.9 visits). In addition, control
subjects showed a significant increase in the number of inpatient days during
the study period. This produced incremental costs in excess of 100% of
baseline after 2 years (compared with increases of between 23 and 31% for the
intervention groups). The interpretation of cost data based on relatively small

changes in high cost events such as these should be treated with great caution.

A recent British study, which assessed the cost-effectiveness of health
education for the treatment of knee OA in a primary care-based setting,
suggested that education programmes might not be cost-effective (Lord et al.
1999). These investigators failed to observe any improvement in health
outcomes after one year. Furthermore, the cost of delivering the education
programme (£140 per person) was not offset by any reduction in the utilisation

of health service resources.

Studies investigating the cost-effectiveness of physical therapy for the
treatment of rheumatological conditions are less common. One study
compared the cost-effectiveness of providing group physical therapy in
addition to individualised home exercise in patients with ankylosing spondylitis
(Bakker et al. 1994). Group therapy was provided in groups of 12 patients and
consisted of 1 hour of physical training, followed by 1 hour of sporting
activities (e.g¢. volleyball or badminton) and 1 hour of hydrotherapy. The cost
of delivering the home exercise programme was fixed at zero since both groups
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received the same intervention. Outcomes were assessed at 9 months and the
final cost-effectiveness analysis was based on data for those patients who

returned a completed cost diary at the end of the study (77% of the original

sample).

The cost of providing group therapy in addition to home-exercise was
approximately $531/patient/year ($44 per month, 1996, £33). This consisted of
$177 (1996, £133) for the sports facilities, $256 (1996, £192) for the therapist
and $98 (1996, £74) for materials and equipment. During the period of the
study, direct medical costs were reduced in both treatment groups. This was by
$122 (1996, £92) more for those allocated to group therapy than for those who
received home exercise. The significance of this finding is difficult to
determine since multiple significance tests were performed relating to 18
different types of service use. In addition, the dominance of high cost, but
relatively infrequent events (such as inpatient stays), was again noted.
Nevertheless, at the end of the 9-month trial, 75% of the patients wanted to

continue with the programme and were willing to pay for it.

Economic evaluation of a community-based exercise programme for the
treatment of low back pain has been reported (Moffett et al. 1999). This study
assessed the impact of providing group exercise sessions led by a
physiotherapist (8 sessions over a period of four weeks). The cost of delivering
the cxercise programme was estimated to be £25.20 per person treated (1996 £
sterling). Patients in the intervention group tended to use fewer healthcare
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resources than those allocated to the control group (mean difference £148 per
patient). However, this difference was not statistically significant and wide
confidence intervals were reported (-£442 to £146). The possible impact of
exercise therapy on indirect costs was also highlighted. Patients allocated to
the control group reported almost twice as many days off work due to back

pain than those in the exercise group (607 days off versus 378 days over the

12-month study period).

In conclusion, it would appear that exercise therapy could be used in order to
provide cost-effective patient care. However, data relating to physical therapy
for the treatment of knee OA are still lacking. The scarcity of reliable and
well-conducted economic research within the field of rheumatology is
particularly marked and should be urgently addressed. Emphasis on the
potential costs and benefits of all non-pharmacological interventions is urgently

needed.
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1.6 Summary

o :Kn'eepain is an extremely common condition, which is
associated with considerable morbidity

. Discordance exists between the presence of radiographic
knee OA and kneé pain

s The use of case criteria based on the presence of knee pain
is important for epidemiological research, since it is
symptomatic OA that reflects the community burden of the
condition

e The efficacy of exercise therapy for the treatment of knee

pain remains unclear

e Social support from health professionals, or lay personnel,
has been associated with positive health benefits. Itis
important to recognise psychosocial factors in determining
the efficacy of physical therapy

e The economic consequences of the conservative

management of knee pain have been largely ignored
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1.7 Contribution of current study

This study describes a large, prospective randomised controlled trial (RCT),
which examines the cost-effectiveness of a home-based exercise programme in
relieving the severity and disability of knee pain. Exercise therapy is compared
with monthly telephone support, a placebo health-food product or no
intervention. Health outcomes are measured over a two-year period and results

presented in terms of both cost-effectiveness and cost-utility ratios.

The investigation of any complex health intervention presents methodological
difficulties. This may serve to explain the apparent dearth of relevant research
in the field (Dieppe and Szebenyi, 2000). Nevertheless, recent focus groups
have revealed a disparity between the research that is being carried out (namely
drug trials), and that which consumers feel to be necessary (further
investigation of non-pharmacological treatments) (Dieppe et al. 1999). Itis

hoped that the current study goes some way to addressing this need.

1.7.1 Study design

Previous studies investigating the efficacy of physical therapy for the treatment
of knee OA have been limited by methodological constraints. The current
study addresses some of these issues through a large-scale, randomised
controlled trial (RCT). The study is unique in that it employs a randomised
factorial design with four possible treatment arms: home-based exercise

therapy, monthly telephone support, a placebo health-food product and no
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intervention. Such a design allows greater understanding of the mediating
factors associated with improved health outcomes following physical therapy
(including the impact of social support and a possible placebo effect). The
failure to include a no intervention control group in addition to education or

social support control groups has been a major weakness of earlier studies

With the exception of the Ettinger study (1997), which examined outcomes
after 18 months, the long-term impact of physical therapy for the treatment of
knee OA has not been explored. The current study examines outcomes
prospectively over a 2-year period and is thus able to address issues of
treatment adherence and possible adverse side effects over an extended time

period.

1.7.2 Pragmatic nature of the trial

Throughout the study a pragmatic approach has been adopted. This means that
limited exclusion criteria have been employed, study interventions are provided
in addition to existing levels of care, all treatments are provided with a
minimum of input from the research team, and results have been analysed on

an intent-to-treat basis.

Pragmatic studies are particularly appropriate when economic data is collected
concurrently (Langley, 1995). In attempting to isolate the effectiveness of a

particular treatment, investigators frequently eliminate possible confounding
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factors such as comorbidity, poor treatment adherence and treatment error.
Using such data as the basis for cost-effectiveness estimates presents clear

difficulties and it is hoped that the pragmatic nature of the current study avoids

such problems.

1.7.3 Case criteria

As this was a community-based knee pain study, inclusion criteria were based
solely on self-reported knee pain (using the NHANES pain question Davies et
al. 1992). In this way, it has been possible to circumvent the debate
surrounding the appropriate definition of knee OA (radiographic evidence of
change versus symptom reporting). It is hoped that subjects enrolled in the
study are broadly representative of symptomatic patients in a primary care

setting.

1.7.4 Concurrent economic evaluation

To develop economic analysis alongside a RCT has distinct advantages and its
use has been promoted in recent years (Griffiths et al. 1995; Adams et al.
1992). As yet, little is known regarding the cost-effectiveness of physical
therapy and/or social support. The availability of prospectively collected cost
data provides a unique insight into the economic impact of these treatments,

and allows an examination of the economic impact of both positive and

necative health consequences.
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1.8 Summary of Study Design

Study Design

Aims and objectives

Chapter 2:
Intervention study - RCT

(n =786)

Chapter 3:

Cost-of-illness

(n=759)

Chapter 4:

Economic Evaluation

(n =759)

. To determine the prevalence of knee pain

in adults aged >45 years.

. To determine whether regular quadriceps

muscle exercise improves long-term
outcomes in subjects with knee pain

. To determine the importance of social

support in explaining positive health
outcomes

. To isolate the factors most closely

associated with positive outcomes

. To assess the cost of knee pain in the

study sample

. To establish some of the factors

associated with the accessing of health
facilities

. To perform a cost-effectiveness analysis

based on outcome measures obtained
from the intervention study

. To perform a cost-utility analysis in

which outcomes are measured in Quality-
Adjusted Life-Years

%

71



CHAPTER 2: INTERVENTION STUDY

2 Intervention study

2.1 Aims and objectives

This intervention study, which provided effectiveness data for the subsequent

economic analysis, had four primary objectives.

1. To determine the prevalence of knee pain in adults aged 245 years.

2. To determine whether regular quadriceps muscle exercise improves long-
term outcomes (symptoms and function) in subjects with knee pain.

3. To determine the relative contribution of psychosocial factors in explaining
these health outcomes.

4. To isolate the factors most closely associated with positive outcomes.
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2.2 Method
2.2.1 Ethics

All aspects of these studies were approved by the City Hospital and
Nottingham University Local Research Ethics Committees. Support from
participating GPs was made clear in the initial contact letter and informed
consent was obtained for participation in the trial prior to initial assessment. In
addition, signed consent was obtained for the accessing of GP notes as part of
the economic evaluation (chapters 3 and 4). Copies of the relevant consent

forms are appended (Appendix 1).

2.2.2 Study population

The study population consisted of men and women (aged 45 years and over),
who were registered at one of two general practices in the Nottingham area.

e Practice A - Torkard Hill Medical Centre, Hucknall. (List size: 11,967).
e Practice B - Arnold Health Centre, Amold. (List size: 15,000).

Both practices are situated on the northern outskirts of Nottingham.

A study population aged 45 years and over was chosen in order to reflect
general prevalence patterns for knee OA (Croft, 1990). No upper age limit was

set in order to increase the generalisability of study findings.

Prior to the distribution of questionnaires. recruitment lists were examined by

GPs according to the following exclusion criteria:
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Age <45 years.

Terminally ill patients (with a life expectancy of less than 2 years).
Psychiatric history leading to an inability to give informed consent.
Patients unable or unwilling to give informed consent (including those
living in nursing homes).

Non-residence in the Nottingham area.

This procedure resulted in a potential study population of approximately 4,540

(practice A) and approximately 6,500 (practice B).

A list of eligible subjects was obtained for all patients aged 45 years and over

as of 1** January 1996 for practice A and from 1% July 1996 for practice B,

(recruitment for practice B was started 6 months after recruitment for practice

A). Questionnaires were subsequently distributed to all patients from practice

A and to 73% of patients from practice B.
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2.2.3 Sample size

The sample size for the postal survey was based largely on the need to ensure
adequate numbers of knee pain positive volunteers for the subsequent RCT

(n = 800). This yielded sufficient numbers for the intervention study to detect a
20% difference in WOMAC pain scores with greater than 90% power, based
on a prevalence of knee pain of 25% (McAlindon et al. 1992). These power
calculations were supported by data from a recent survey in Nottingham, which

provided confirmation of a similar age-stratified prevalence of knee pain

(O'Reilly et al. 1998).

2.2.4 Questionnaire

The questionnaire used in the postal survey was based on one used in an earlier
study (O'Reilly et al. 1998). A full copy is appended (Appendix 2). A
covering letter was sent with each questionnaire. This outlined the nature of
the trial and encouraged volunteers to seek assistance should they have
problems completing the questionnaire. It also made clear that participation in

the trial was being sought with the full support and understanding of their GP.

2.2.5 Distribution of questionnaires

Questionnaires were distributed in batches of 500 at three weekly intervals with
a pre-paid envelope enclosed. Questionnaires for practice A were posted
between December 1995 and April 1996. Those for practice B were distributed

between May 1996 and November 1996. A reminder and second questionnaire
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e Age <45 years.

e Terminally ill patients (with a life expectancy of less than 2 years).
e Psychiatric history leading to an inability to give informed consent.
e Residence in a nursing home.

e Non-residence in the Nottingham area.

This procedure resulted in a potential study population of approximately 4,540

(practice A) and approximately 6,500 (practice B).

A list of eligible subjects was obtained for all patients aged 45 years and over
as of 1** January 1996 for practice A and from 1% July 1996 for practice B,

(recruitment for practice B was started 6 months after recruitment for practice
A). Questionnaires were subsequently distributed to all patients from practice

A and to 73% of patients from practice B.
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Treatment arms consisted of six groups including a combination of four factors.

a) physical therapy (home-based quadriceps strengthening and walking)

b) monthly telephone support
¢) aplacebo health-food product

d) no intervention.

Such a design allowed comparison by group (groups 1 — 6) or by factor
(physical therapy, telephone support, placebo or nothin g). It also provided

some exploration of the possible interaction of treatment effects (Figure 8).

Figure 8 Summary of treatment allocation.

Randomised
(n = 786)
Group 1 Group 2 Group 3 ~ Group4 Group_ 5 Group 6
Exercise & Exercise, Exercise Telephone Dolomite No _
telephone telephone only only only Intervention
& dolomite
(n=121) (n=114) (n =235) (n = 160) (n=78) (n=78)
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2.2.7 Subjects

Subjects for the intervention study were recruited using the initial postal
questionnaire. Entry into the trial was based on self-reported knee pain
according to the NHANES-I criteria (Davis et al. 1992). Evidence of
radiographic change was not employed as an entry criterion for this study since
the principle interest was of symptomatic knee problems. Subsequent
radiographs revealed that evidence of structural knee OA (= grade II) was

present in 330 (47%) of subjects entering the trial.

Exclusion criteria for this stage of the study included the criteria previously
outlined for the postal survey. In addition, volunteers were excluded upon

telephone contact according to the following criteria:

o No knee pain in the last week.
e Total knee replacement.
e Lower limb amputees.

e Use of a cardiac pacemaker.
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2.2.8 Materials and Procedures

2.2.8.1 Subject Recruitment

Initial contact was made by telephone to all potential volunteers (those subjects
who had returned the postal survey with self-reported knee pain). Volunteers
were asked if they had experienced pain within the last week in order to
establish current knee pain status (this was done because of the inevitable delay
between questionnaire completion and subsequent recruitment). If volunteers
responded positively to this question, they were invited to attend at their local

health centre for further assessment.

2.2.8.2 Assessment procedure

Assessments for consenting volunteers were conducted at their own GP surgery
and took approximately one hour. Upon arrival, volunteers were given an
information sheet to read and any unanswered questions were addressed.
Signed consent was obtained. The initial assessment procedure included three

sections as outlined in Table 10. A copy of the assessment questionnaire i8

appended (Appendix 3).
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Table 10 Assessment procedure.

Self-completion * WOMAC (knee specific — pain,

questionnaires stiffness and physical function)

e SF-36 (generic health status)

* HAD (anxiety and depression)

* EuroQol EQ-5D (generic utility
measure of Quality-of-Life)

» Cost data relating to the accessing
of health provision, personal costs
and work-related health difficulties

Physical assessment e Height and weight
' e Knee examination - effusion,

warmth, crepitus, bony swelling,
Jjoint line tenderness and range of
movement

e General examination - hands
(Heberden’s nodes, thumb IPJ
nodes), hips (pain on rotation),
back (pain on extension and
flexion)

e Hypermobility screen

e Fibromyalgia screen

Muscle strength testing | ® Isometric maximum voluntary
contraction (MVC)

At the end of the initial assessment, volunteers were informed of the
subsequent two-year intervention trial. A further information sheet was
provided and questions addressed. Those volunteers agreeing to enter the trial
were asked to sign a second consent form (this included informed consent to
enrolment in the trial, and agreement for the researcher to access medical
records as necessary). Volunteers were given an information leaflet about the
trial and further information regarding the general management of knee pain

(Appendix 4). Volunteers were instructed to continue all medications and other
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treatments as prescribed by their existing health professional. In this way.
treatment effects observed within the trial reflect incremental benefits over and

above those achieved through existing care.

Follow-up assessments were conducted at 6, 12, 18 and 24 months. The 18-
month assessment was a shortened version including only the WOMAC
(primary outcome measure) and muscle strength testing. An additional short
questionnaire was added at this assessment in order to assess patient
satisfaction with the study treatments (Appendix 5). Those volunteers who
dropped out of the study were contacted by post at 24 months and asked to
complete a shortened version of the final assessment questionnaire (including:
WOMAC, EuroQol EQ-5D and the short additional questionnaire). This
procedure had two principle aims: i) to provide 24-month outcome data for all
subjects, regardless of treatment adherence and ii) to more accurately

determine any adverse effects resulting from participation in the trial.

2.2.8.3 Muscle strength assessment

Isometric muscle strength was assessed using a modified Tornvall chair (Jones,
1994: Tornvall, 1963). This technique was chosen as the most appropriate for
the current study since measurement is relatively quick and simple to perform.
Similar equipment has been successfully employed in both hospital and
community settings, for patients botha with and without knee pain (O'Reilly et

al. 1998; Jones, 1994). The use of a Tornvall chair allows the accurate
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positioning of each volunteer, with both hips and knees being flexed to 90°.
Volunteers were strapped into the chair at the waist with extra cushioning
provided to support the back. A strain gauge (= 50 KgF) TKA load cell
(Techni Measure, Studley) was attached to the back of the chair and could be
adjusted horizontally to allow for the measurement of both left and right legs.
A strap was placed around the ankle of each volunteer and attached to the load
cell via a portion of chain. The output from the gauge (£ 2V) was connected to
an amplifier and digital read-out (TML model TD-91M, Tokyo Sokki
Kenkyujo Co. Ltd., Japan). The final output was read onto an Xyt chart
recorder (BD92, Kipp and Zonen Delft BV, Netherlands) at practice A, and to a

PC laptop at practice B.

Following explanation, volunteers were required to perform three voluntary
contractions at maximum effort. If contractions were still increasing in
strength at the third attempt (by at least 1 KgF), then volunteers were asked to

perform a fourth pull. The highest reading obtained was used as the maximum

voluntary contraction (MVC).

2.2.8.4 Radiographic assessment

All volunteers agreeing to enter the trial were asked to attend the Nottingham

City Hospital Radiology department for radiographic assessment of their knees.
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The following views were obtained:
e Standing weight-bearing antero-posterior radiograph of the
tibiofemoral joint in full extension (Jacobsson, 1996).
e Skyline radiograph of the patellofemoral joint in 30° of flexion

(Lanyon et al. 1996).

Of the 786 volunteers entering the trial, 706 (90%) attended for radiographic
assessment. Radiographs were read by a single observer (Dr S.0.) and
individual features were graded using a standardised atlas (Altman et al. 1995).
For the purposes of this study, definite OA was defined by the presence of

> Grade I osteophyte in the tibiofemoral compartment and / or 2 Grade II
osteophyte in the patellofemoral compartment (with or without joint space

narrowing).

2.2.9 Randomisation and blinding

Following assessment, volunteers were randomised in permuted blocks of ten
into one of six treatment groups:

Group 1 (15%) Home-based exercise + telephone support

Group 2 (15%) Home-based exercise + telephone support + placebo
Group 3 (30%) Home-based exercise

Group 4 (20%) Telephone support

Group 5 (10%) Placebo

Group 6 (10%) Nothing
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The nature of the interventions meant that it was not possible to blind
participants to treatment allocation. Nevertheless, researchers responsible for
conducting the assessments were blinded throughout the trial. For the purposes
of randomisation, four computer-generated lists were employed (stratified by
age and sex to include: males <65 years; males 265 years; females <65 years
and females > 65 years). Volunteers were preferentially allocated to the

exercise groups, as pilot work suggested that drop out rates would be highest

amongst these subjects (O'Reilly, 1996).

2.2.10 Exercise intervention

The exercise programme was designed to be simple to use, applicable for all
age groups and readily assimilated into daily life. It consisted of flexibility
exercises, unresisted and resisted strengthening exercises, functional exercises
and aerobic exercises. The various exercises were introduced at different
stages throughout the two-year programme with the primary aim of improving

and maintaining quadriceps muscle strength over time (Table 11).

84



CHAPTER 2: INTERVENTION STUDY

Table 11 Timetable for the exercise intervention.

e

Visit

Exercises Taught

Visit 1 (0 months)
Visit 2 (2 weeks)

Visit 3 (4 weeks)

Visit 4 (2 months)
Visit 5 (7 months)
Visit 6 (13 months)

Visit 7 (19 months)

Flexibility + unresisted
strengthening exercises

Additional flexibility + unresisted
strengthening exercises

Resisted exercises
(trainer band)

Resisted (stronger band) +
functional exercises

Selection of above (+ stronger
band) + aerobic exercises

Review + stronger band if
necessary

Review + stronger band if

necessary.

The program was taught in volunteers’ homes by a trained therapist. This was

a pragmatic study and exercise visits were kept to a minimum. Such a design

helped to provide more realistic costing data than would commonly be

achieved through more intensive trials (van Baar et al. 1998b; Ettinger et al.

1997), whilst also reducing the potential for strong psychosocial input. A total

of seven visits were undertaken throughout the two-year period as outlined in

Table 11. It was recommended that exercises be carried out on a daily basis,

and that they should take no more than 20-30 minutes to complete.
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All volunteers were given an exercise diary containing written instructions on
the individual exercises, general advice regarding exercise participation and a
contact name and number (Appendix 6). The diary was also used to document
treatment adherence throughout the period and was subsequently scored
according to set criteria (see later section). New diaries were distributed every

six months and old ones collected by the therapist.

Resisted exercises were taught using rubber exercise bands (Dynabands™ and
Clinibands ™). The required band strength was assessed according to muscle
strength readings taken during initial assessment. Stronger bands were issued
at visits 5, 6 and 7, if subsequent strength gains were observed. Prior to
exercising with a full-strength band, volunteers were left with a weaker,
training band for 4-5 weeks in order to familiarise themselves with the exercise

technique. (Table 12)
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Table 12 Summary of exercise bands used according to MVC recordings.

MVC of Trainer Band 1 Progression
weakest leg band bands
(Visit 3) (Visit 4) (Visits 5-7)
<10 KgF Red Red Pink / Green
10.1-12 KgF Red Pink Green / Blue
12.1-15 KgF Red Green Blue / Red
Doubled
15.1-18 KgF Red Blue Black / Purple
18.1-21 KgF Red Black Purple / Pink
Doubled
21.1-30 KgF Pink Purple Green Doubled
>30 KgF Green Green Blue Double /
Doubled Gre

In order to establish the force generated by each of the bands, weights were
attached to 1-metre lengths under laboratory conditions (Appendix 7). To
achieve an increase in muscle strength during strength training, loads must be
at least 60-70% of a person’s maximum voluntary strength (Jones and Round,
1990). For the purposes of this study it was assumed that there would be an
increase in band length of at least 100 cm, and that the force required in order

to achieve this is represented in Equation 1.
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Equation 1 Equation used to calculate the allocation of exercise bands by

muscle strength.
MVC required = 60% (min. effort required) x 60% (adjustment

for different positioning of leg during testing versus training) x

MVC (measured during assessment).

2.2.10.1 Assessment of exercise adherence

Adherence with the exercise programme was assessed using the exercise
diaries completed by study volunteers. Volunteers were instructed to record

the type of exercise done and the number of repetitions for each leg on a daily

basis.

Summary data for exercise adherence were produced according to set criteria
(Appendix 8). The scoring scheme recognised:

e frequency of exercise completion (scored 1 —5)

e number of repetitions per leg (scored 1 —3)

e number of exercises completed per session (scored 1 —2)

This produced a score with a range of 1 to 8 (1 representing low adherence and
8 representing high adherence). Diaries were coded by therapists other than
those responsible for teaching of the exercise programme, and were coded at a

sinele time point for each 6-month period. In addition, 10% of all diaries were
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re-coded by a second therapist and the resulting scores were compared for

reproducibility.

Whilst volunteers were strongly urged to complete the exercise diary, full
details were not always recorded. In this instance, the therapist was instructed
to ascertain general exercise adherence at the follow-up visit and to record

details of such in the diary as appropriate. The criteria used are listed in Table

13.

Table 13 Coding of exercise adherence if daily exercise diary was not

completed.
. Adherence
Self-reported exercise frequency L
Everyday or 5-6 days per week [
3-4 days per week -
1-2 days per week 2
None 1

2.2.11 Telephone support

Telephone support was primarily included in the study design as a control
intervention for the psychosocial benefits of exercise participation. In this way,
it has been possible to distinguish between a) the physical benefits of exercise

therapy and b) the impact of regular patient contact. Nevertheless, social
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support of this kind has been reported as producing clinically meaningful
improvements in health status (Rene et al. 1992; Weinberger et al. 1986). Its

importance as an independent treatment alternative has not therefore been

ignored.

Treatment consisted of monthly telephone calls from a single researcher. The
principle aim of calls was to monitor symptoms and to offer simple advice on
the management of knee pain. For those volunteers receiving both telephone
contact and exercise therapy, discussion of the exercise programme was
discouraged and specific problems were referred back to the therapist
responsible for teaching the programme. Health problems unrelated to the

study were referred back to the volunteer’s GP.

Calls were standardised in terms of content through the use of a simple
checklist (Appendix 9). This checklist was not prescriptive however, and
general social support was encouraged once rapport had been established. All

calls were timed in order to facilitate economic evaluation of the trial.

2.2.12 Placebo intervention

In an attempt to encourage continued participation in the trial, half of the
control group were allocated to receive a health-food product twice a week.

This also allowed some examination of possible placebo effects operating

within the trial.
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Dolomite is a health food product containing calcium and magnesium.
Although there are no clinical data, the producers of dolomite claim that it is
beneficial for arthritis. Volunteers were required to take one tablet twice a

week (considerably less than the recommended dose of 3 tablets per day). It

has no known side effects.

2.2.13 No intervention control group

In order to control for participation in the trial, 10% of volunteers received no
further intervention. These volunteers returned to the surgery for 6-monthly

assessments, but had no other contact with the study team.

2.2.14 Scoring of health outcomes

Four well-validated instruments were employed during this intervention trial
(Table 14). These are all self-completion questionnaires and were completed at
the surgery during the 6-monthly assessments. The WOMAC osteoarthritis
index (Bellamy, 1989) is a knee specific instrument (measuring knee pain, knee
stiffness and knee-related physical function). The Likert (ordinal) version was
used. The SF-36 (Garratt et al. 1993) is a generic health status instrument, the
HADS (Zigmond and Snaith, 1983) is a generic measure of anxiety and
depression, and the EuroQol EQ-5D (EuroQol Group., 1990) is a generic
quality-of-life instrument. Table 14 outlines the domains used for each scale.

Missing values were handled in accordance with the authors’ guidelines.
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Table 14 Summary of outcome measures used.

Instrument Dimension No. of
items
WOMAC e Pain 5
o  Stiffness 2
e Physical function 17
SF-36 e  Physical function 10
HADS e Anxiety 7
e Depression 7
EuroQol EQ-5D e  Mobility 1
e Self care 1
e Usual activities 1
e Pain / discomfort 1
e Anxiety/ depression 1
e  Health utility 5
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2.2.15 Outcome measures
2.2.15.1 Primary outcome measure

The primary outcome measure for this study was the WOMAC knee pain score
achieved at 2 years. This involved 5 questions relating to the degree of pain
experienced during daily activities such as walking, standing and sitting. Each

question was scored on a 5-point Likert (ordinal) scale.

2.2.15.2 Secondary outcome measures

Secondary outcome measures included:

e Knee related stiffness and physical function — derived from the WOMAC
(range 0-8 and 0-68 respectively).

e General physical function — derived from the SF-36 (range 0-100).

e Anxiety and depression — derived from the HADS (range 0-7 for both).

e Isometric muscle strength — measured in Newtons.

e Programme adherence — assessed through self-completion diaries (range 1-
8).

e EuroQol — generic utility scale (range 0 - 1). Reported in Chapter 4.
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2.3 Data management

2.3.1 General data management

All data were entered onto a customised database (Microsoft® Access 97), and
analysis was conducted using SPSS for Windows version 8.0 (SPSS Inc.,
Chicago, IL). Data for the primary outcome measure (WOMAC scores at 24
months) were entered twice. Errors were amended as necessary prior to further
analysis. For all remaining data, a 10% random sample was double entered.

Accuracy in all instances was above 98%.

2.3.2 Handling of missing values

Where subjects failed to answer all necessary items, missing values were
handled in accordance with the authors’ guidelines for each instrument (i.e. the
mean of the existing values was imputed for the missing value). For cases in
which too many items were missing, values were carried forward from the
previous assessment. This was not possible for baseline values and it was
therefore necessary to exclude a small number of subjects from some scales.

As a result, baseline group sizes vary for different outcome measures.

2.3.3 Intent-to-treat analysis

Between group comparisons were conducted on an intention-to-treat basis
(Hollis and Campbell, 1999). This meant that data were analysed according to
randomised groupings regardless of treatment adherence or study attrition. For
subjects who dropped out, missed assessments or died during the period of the
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study, values were carried forward from the last available assessment.
Alternative means of dealing with uncertainty in the dataset were tested in
sensitivity analysis and included i) the return of missing values to baseline

scores and ii) the exclusion of subjects with incomplete data (per protocol

analysis).

2.3.4 Number needed to treat

The number needed to treat (NNT) has been advocated as a clinically
meaningful outcome for use in clinical trials (Cook and Sackett, 1995;
Laupacis et al. 1988). Outcomes were presented as NNT figures in addition to
change scores for knee pain at 24 months. For the purposes of this study, a
clinically meaningful outcome was defined as being at least a 50%
improvement in knee pain in a single individual. The number needed to treat is
calculated by taking the inverse of the attributable risk, and confidence
intervals are calculated by taking the inverse of confidence intervals for the

attributable risk (Altman, 1998; Kahn and Sempos, 1989).

2.4 Statistical analysis

A significance level of 5% was employed throughout the study and confidence

intervals were reported at the 95% level.
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2.4.1 Primary outcome

Between group comparisons were based on change scores (baseline score was
subtracted from the post-treatment score), rather than absolute values. This
approach meant that variance within the dataset was minimised by adjusting for
any (non-significant) baseline differences between the 6 treatment groups. A

negative change score thus represented a post-treatment improvement in knee

pain.

The primary outcome measure was the change in knee pain observed at 24
months. Between group comparisons (for the 6 treatment groups) were
performed using one-way ANOVA. Individual p values were reported using
Tukey’s Honestly Significant Difference (THSD) and used the no intervention
control group as the comparator. Factorial comparisons were performed using
the independent samples t-test. Effect sizes were reported in addition to p
values thus providing an indication of the degree of variance within the dataset
(Matthews and Altman, 1996). Effect size calculations were performed using

the following formula:

Equation 2 Effect size calculation

A intervention group - A control group

s.d. of A scores for whole population.
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An effect size of 0.2 is generally considered to be small, 0.5 as medium and 0.8

as large (van Baar et al. 1998b).

The possible interaction of exercise and telephone support was explored using

a factorial ANOV A model.

2.4.2 Secondary outcomes

Baseline characteristics were presented in a descriptive manner. Body mass

index (BMI) was calculated using the following equation:

Equation 3 Calculation of body mass index

Weight (kg) / height (m)°

All other secondary outcomes (WOMAC stiffness and physical function, SF-36
physical function, HADS anxiety and depression and voluntary muscle
strength) were analysed by factor. Change from baseline was used throughout,

and p values (independent samples t-tests) and effect sizes were calculated for

each measure.

Muscle strength measurements (MVC) are reported in Newtons (KgF x 9.8).
Analysis of muscle strength data presented methodological difficulties since
the unit of measurement was that of the leg rather than the person. The

difficulty of “two knees, one person’ has been identified by others (Sutton et
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al. 1997; Zhang et al. 1996). For the purposes of this study analysis was

based on the left leg only.

2.4.3 Exploratory analysis

Further exploration of the factors associated with improved knee pain was
conducted using multiple regression techniques. In order to combine data from
each assessment period, a summary statistic based on the area under the curve

(AUC) was calculated (Matthews et al. 1990). (Equation 4).

Equation 4 Area under the curve calculation for WOMAC pain scores.
((pain at 6 months — pain at baseline) / 2) + ((pain at12 months — pain at 6
months) / 2) + ((pain at 18 months — pain at 12 months) / 2) + ((pain at 24

months — pain at 18 months) / 2)

Exploratory analysis was based on per protocol data and included only those
subjects with data for the entire period. Three models were developed; one for
the entire study population, one for those subjects allocated to the exercise

programme and one for those subjects not allocated to the exercise

intervention.

Each regression model was developed in two stages. Variables were initially
entered using a backward selection model (entry criteria of 10%). A second

stepwise model was then conducted in which significant variables from the first
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model were entered, plus factors of a-priori interest (treatment factor - exercise,
telephone or dolomite and radiographic status). For the stepwise model, entry

was set at the 5% level and exclusion at 10%. Assumptions were checked at

each stage.
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2.5 RESULTS

2.5.1 Postal questionnaire

The postal survey was sent to 4541 patients from practice A and 4755 patients
from practice B. Questionnaires were returned from 6035 individuals giving an
overall return rate of 65%. Analysing the returned questionnaires, 1932 were
from subjects who met the criteria for knee pain, giving an overall prevalence
rate for knee pain in the community of 32% (21% of the total population).
Gender-specific prevalence rates were 35% among females and 28% among

males (p = <0.01).

All remaining data from the recruitment questionnaire has been used to inform

a separate body of work and has not been reported in this thesis.

2.5.2 Recruitment for intervention study

Recruitment of volunteers for the intervention study took place from January

1996 to January 1997. Patient flow during recruitment is shown (Figure 9).
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Figure 9 Summary of study recruitment.

Practice list 2> 45 years
n= 10,562

Postal survey

n=9,296
Knee pain positive Knee pain negative No response
n = 1,932 (21%) n= 4,103 (44%) n= 3,261 (36%)
Assessed Refused n =295 (16%)
n = 846 (44%) Excluded n =327 (17%)
Unable to contact n = 464 (24%)
Randomised Refused / excluded
n= 786 (93%) n =60 (7%)
Exercise Exercise, Exercise Telephone Dolomite No
& telephone only only only intervention
telephone &
dolomite
n=121 n= 114 n=235 n= 160 n=78 n=78
(15%) (15%) (30%) (20%) (10%) (10%)
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2.5.2.1 Comparison of recruited and non-recruited subjects

The age distribution of study volunteers was different from that of the knee
pain positive non-volunteers. The largest difference was in the over 75 years
age group, who were far less likely to have been recruited than younger age
groups. Recruitment of over 75 year olds was 20%, compared to 40% of under
55s and 48% of those aged between 55 and 75. Proportionally more knee pain
positive women than men were recruited (43% versus 37%), and recruitment

was higher among married subjects (45%) than unmarried (31%).

History of both back pain and hip pain were greater among recruited compared
to non-recruited patients. Smoking rates were similar between the two groups.
Non-recruited subjects were more likely to report diagnosis of more than one
co-morbid condition (5% versus 2.6%) from the following list: heart disease,

stroke, lung disease, cancer and diabetes.

2.5.2.2 Baseline characteristics of subjects entering the trial

Baseline characteristics of subjects entering the intervention trial are
summarised (Table 15). In line with previous community studies, the majority
(64%) were women, the average age was 62 years and 29% had a body mass
index (BMI) of > 30 kg/mz. Radiographic evidence of knee OA (= Grade Iin
either the tibiofemoral or the patellofemoral compartments) was present in 330
individuals (47%). Isolated patellofemoral OA was present in 58 (8.3%) of the

study population and represents the number of cases that would have been
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missed in prevalence studies based solely on radiographic evidence of

tibiofemoral OA.

Table 15 Baseline characteristics of study population.

103

# Significant difference between non-completers and total study population. %" - <001

... Non- Significant
_ Patient characteristics  population % completers % difference

. . n=]86 n=186

Practice A 317 40% 90 48% #
Practice B 469 60% 96 52%

Female 500 64% 126 68 %

Male 286 36% 60 32%

Age: %
45 to 54 years 189 24% 42 23%

55 to 64 years 279 36% 59 30%

65 to 74 years 243 31% 47 25%

75+ years 75 10% 42 23%

BMI

Underweight <20 kg/m’ 8 1% 2 1%

ol sty 188 24% 41 22%

kg/m

Over;velght 25t029.9 357 459% 86 46%

kg/m

Obese > 30 kg/m® 231 29% 55 30%
Radiographic changes (n =700) (n=143)

< Grade II 370 53% 68 48%

Grade II 330 47% 75 53%
Comorbidity

No comorbidity 615 78% 140 75%

> 1 comorbid condition 171 22% 46 25%

Baseline WOMAC pain #
Oto4 202 26% 34 18%

5to7 212 27% 48 26%

8to 10 225 29% 61 33%

11+ 147 19% 43 23%

Muscle strength (N) n = 467 n=95

LMVC < 100 66 14% 19 20%

LMVC 100 to 199.9 179 38% 35 37%

LMVC 200 to 299.9 133 29% 24 25%

LMVC >300 89 19% 17 18%
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Randomisation was successful and no significant baseline differences were

observed between the 6 treatment groups at baseline (Table 16).

Patient flow throughout the intervention study is shown (Figure 10). Study
attrition was relatively low; 599 (76%) of volunteers completed the study and
returned for final assessment at 24 months. Subjects who dropped out earlier in
the study were contacted by post at 24 months and asked to complete a final
assessment questionnaire. This resulted in the return of a further 83
questionnaires. Differences between completers and non-completers are
tabulated (Table 15). Subjects who dropped out of the study were more likely
to be aged > 75 years; have higher baseline pain scores; come from practice A;

and be randomised to one of the exercise groups.
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Table 16 Randomisation to treatment group (demographic details and key

outcome measures).

>orade 2

%

Exercise Exercise, Exercise @ Telephone Dolomite Nothing
. ok telephone
telephonre = &
. ~ dolomite
n 121 114 235 160 78 78
Age 45-54
yeg;s 26 (22%) 19 (17%) 66 28%) 41 (26%)  20(26%) 17 (22%)
ﬁ‘i‘;jim 45 (37%) 48 (42%)  T1(30%) 56 (35%) 28 (36%) 31 (40%)
;\5}565_74 37 (31%)  36(32%) 78(33%) S50(31%)  20(26%) 22 (28%)
;‘eif” 13(11%)  11(10%) 20 (9%) 13(8%)  10(13%) 8 (10%)
Female 74 (61%) 71 (62%) 150 (64%) 105 (66%) 49 (65%) 51 (65%)
BMI 36(30%) 38(33%) 69(29%) 46(28%)  20(26%) 22 (28%)
>30kg/m
E;i‘;‘eral 80 (74%) 79 (69%) 161 (69%) 102 (64%) 50 (64%) 48 (62%)
Mean
WOMAC 6.96 7482 6.93 7.43 7.49 7.04
pain
Muscle 13(18%) 11 (17%) 20(14%) 10(11%)  S(11%)  7(14%)
strength
<;00%\1 n= 74 n=64 n= 141 n=94 n=45 n =49
Structural @] (54%) 43 (43%) 88 (42%) 80 (57%)  30(42%)  34(57%)
change
n=112 n=101 n=207 n=141 n=72 n=73
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Figure 10 Progress of volunteers through the trial.

6 months

12 months

18 months

24 months

Randomised
n=786
[
l I I | I l
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Exercise & telephone Exercise, tel & dol Exercise Telephone Dolomite No intervention
n=121 n=114 n =235 n=160 n=78 n=78
n=114 n=102 n=216 n =154 n=176 n=74
n=112 n=100 n =201 n=151 n=72 n=72
n=107 n=296 n=198 n=148 n=71 n=70
n=106 n=93 n=196 n=148 n=71 n =69
(88%) (82%) (83%) (93%) (91%) (89%)

Subjects who dropped out during the trial were sent a final assessment questionnaire - this added a further 83 (11%) to the total at 24 months.
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2.5.3 Primary outcome - self-reported knee pain at 24 months

2.5.3.1 Analysis by treatment group

A significant between group difference was observed in the change in
WOMAC pain scores at 24 months (ANOVA, p = <0.01). This represented a
significant reduction in pain for group 1 (exercise and telephone) compared to
group 6 (no intervention). The remaining two exercise groups (groups 2 and 3)

showed a similar, statistically non-significant trend (Table 17).

Table 17 Baseline and change in WOMAC pain scores at 24 months by
treatment group (ITT analysis).

Baseline Mean A from 95% C.I. for Sig
‘ . % A c
pain baseline mean A B

Exercise & Telephone
Group 1 6.96 1.61 222..101 23 002
(n=119)
Ex, Tel & Dolomite
Group 2 752 -1 24 -1.86,-0.55 -15  0.19
(n=114)
Exercise
Group 3 6.93 -1.13 -1.58,-069 -16 0.13
(n=234)
Telephone
Group 4 7.43 0.45 -1.0, 0.1 -6 0.96
(n=160)
Dolomite
Group 5 7.49 -0.87 -1.55, -0.19 —12 0.67
(n=78)
No intervention
Group 6 7.04 -0.06 071,059 -0.1 N/A
(n=78)

* Significance reported compared to group 6. Tukey’s Honestly Significant Difference (THSD).
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For comparison with previous studies, outcomes at 6 months are also shown
(Table 18). The decrease in pain in the no intervention control group (group 6)
meant that between group comparisons were non-significant, with the

exception of the telephone support group (group 4), which showed a significant

increase in pain.

Table 18 Baseline and change in WOMAC pain scores at 6 months by
treatment group (ITT analysis).

Baseline MeanAfrom 95%C.IL Sig

pain baseline for mean A an P8
Exercise & Telephone
Group 1 6.96 0.97 150,044 -14  1.00
(n=119)
Ex, Tel & Dolomite
Group 2 7.82 -1.25 1.84,-067 -16  0.99
(n=114)
Exercise
Group 3 6.93 0,72 _1.08,-037 ' <10 098
(n=234)
Telephone
Group 4 7.43 0.16 -0.28, 0.60 2 0.03
(n=160)
Dolomite
Group 5 7.49 -0.56 -1.16,0.03 -13 092
(n=78)
No intervention
Group 6 7.04 -1.01 1.62,-041 -14 N/A

(n=78)

S T e S s S S SRR

* Significance reported compared to group 6. Tukey’s HSD.
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Mean change in WOMAC pain (+/-1 S.E.)

Change in pain scores throughout the trial are shown graphically (Figure 11).
The three exercise groups generally showed a consistent downward trend in
reported knee pain throughout the period. Overall, the telephone group (group
4) showed the least improvement over time, with pain scores remaining
relatively stable at all time points. The no intervention control group (group 6)
showed a marked improvement at 6 months, although this effect had

diminished to baseline levels by 24 months.

Figure 11 Mean change in WOMAC pain scores by treatment group (ITT
analysis).

Ex&tel Ex, tel &dol Exercise Telephone Dolomite Nothing
05 -

S
(2]

B6 mihs
B12mths
018 mths
024 mths

'
=TS
s

-1.5 1
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2.5.3.2 Number needed to treat

The mean reduction in pain for each of the exercise groups was approximately
1 to 1.5 points on the WOMAC pain scale. However, the clinical importance
of such a finding is unclear. In order to address this issue, findings were
presented on a “number needed to treat” (NNT) basis (Cook and Sackett, 1995;
Laupacis et al. 1988). For the purposes of this analysis, a clinically significant
improvement was defined as a reduction in pain of =2 50%. In producing the
NNT statistic, each group was compared with the no intervention control

group.

In order to achieve a = 50% reduction in pain over group 6, it was necessary to
treat between 8 and 13 people in the exercise groups. The telephone and
dolomite groups achieved similar outcomes based on the treatment of 26 and
20 people respectively. The number reporting a si gnificant worsening of pain

was relatively constant across all treatment groups (Table 19).
Results presented in Table 19 represent analysis on an intent-to-treat basis.

The NNT based solely on subjects who completed the exercise programme was

between 6 and 8.
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Table 19 Number needed to treat in order to achieve a =>50% reduction in pain

at 24 months (ITT analysis).

Better by e Worse by  Attributable NNT
>50% 5 >50% risk (95% C.1)

gﬁo‘% Tlel 36 (30%) 74 (60%) 11 (9%) 0.13 7.7
(n=121p) (4.2,11.2)
Ex, Tel & Dol 127
Group 2 28 (25%) 73 (64%) 13 (11%) 0.08 '
S (9.5, 15.9)
g"ef‘:is; 65 (28%) 138 (58%) 32 (14%) 0.11 9.1
Gzonp (5.8, 12.4)
(T;lephzne 33(21%) 102 (64%) 25 (16%) 0.04 25.5
e (22.7, 28.3)
Dolomite 17 (22%) 52 (67%) 9 (12%) 0.05 19.6
82;}3 5 (16.5,22.7)
No intervention
Croup 6 13 (17%)  51(65%) 14 (18%) NA NA
(n=78)

ﬁ-
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2.5.3.3 Analysis by factor

The number of treatment options within this trial meant that analysis of
individual groups was limited by lack of power. Nevertheless, the factorial
nature of the trial design allowed exploration of individual treatment factors. A
highly significant difference was observed between exercise and non-exercise
groups (Figure 12). Similar comparisons for the telephone and dolomite

groups revealed no such differences (Table 20).

Figure 12 Mean change in WOMAC pain - exercise v non-exercise (ITT

analysis)
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o
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= = Nonexercise
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Mean change in WOMAC pain (+/-1 S.E.)
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Table 20 Summary of WOMAC changes in pain scores by treatment factor at
24 months (ITT analysis)

~ Baseline  Mean A from L Gl % Sie © Rifeot

pain baseline formeanA A P* size
Exercise
(0= 467) 715 SR -1.59,-096 -18 0.001 0.25
Non-exercise
(i'=316) T35 -0.46 -0.82, -0.1 -6
Telephone
(n = 393) 7.40 =102 -1.37,-0.68 -14 0.52 0.04
Non-telephone
(n = 390) 7.06 -0.87 -1.19, -0.54 -12
Dolomite
(n=192) 7.68 -1.07 -1.54,-0.60 =14  0.55 0.04
Non-dolomite
(n=591) 7.08 -0.92 -1.18:-0.63. -13

e ——————

* Independent samples t-test.

2.5.3.4 Interaction of factors

The possible interaction of exercise and telephone support was explored using
a factorial ANOVA model. The addition of telephone support to the exercise
programme did not result in significant improvement over the exercise only

group (Table 21).
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Table 21 Impact of the interaction of factors on WOMAC pain scores (ITT

analysis).

Baseline MeanA MeanA MeanA Mean A

pain 6 mths 12 mths 18 mths 24 mths*
Exercise with
Telephone 233 7.39 -1.11 -0.94 -1.10 -1.41
Exercise without
Telephone 234 6.93 07 083 . 108 113

*Factorial ANOVA p=0.54

2.5.3.5 Handling of missing values

Primary analysis has been conducted on an intent-to-treat basis. Analysis of
this kind requires assumptions to be made in relation to missing data. Study
attrition meant that data for WOMAC pain scores at 24 months were missing
for 103 (13%) individuals. In order to explore the impact of these data on
study conclusions, analysis was repeated using two alternative strategies.

1) Missing values imputed with baseline WOMAC pain scores.

1) Per protocol analysis — complete data only.

In both cases, study conclusions were largely unaffected (Table 22).
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Table 22 Alternative handling of missing data - WOMAC pain at 24 months.

F——————-————.\—___——__
Baseline Mean 9% ClLfor A Sig. - Effect

pain A mean A p* size
ITT ANALYSIS
Exercise 715 127
(n = 467) . =15 -1.59, -0.96 8 0.001 0.25
Non-exercise
(= 316) 7.35 -0.46 -0.82, -0.1 -6
RETURN TO BASELINE
e 7.15 .16  -1.46, -0.87 16 0002 022
(n=467) ' = Sl g . ‘
Non-exercise
(n=316) 35 -0.45 -0.80, -1.07 -6
PER PROTOCOL
Exercise
(n = 392) 6.99 -1.42 -1.77, -1.07 -20 0.001 0.27
$laies Tcise 7.28 05  -0.88,-0.12 7

(n =288)

* Independent samples t-test.

2.5.4 Secondary outcomes

A number of secondary outcomes were incorporated into the trial. For the sake

of clarity, these have all been reported by factor rather than by treatment group.

2.5.4.1 Knee specific stiffness and physical function (WOMAC)

The two remaining domains of the WOMAC scale addressed the impact of the
interventions on physical function and stiffness. The exercise groups showed a
significant improvement in both of these domains over the non-exercise groups

at 24 months (Table 23). No such improvements were observed for either the

telephone or the dolomite groups.
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Table 23 Change in WOMAC physical function and stiffness at 24 months —
(ITT analysis).

~ Baseline MeanA 95%CIL %A  Sig.  Effect

for mean A p size

PHYSICAL FUNCTION
Hercine 23.15 259 36.-16 -11 <00
(n = 466) . -z g <0.001 0.25
Non-exercise
(0 = 316) 22.97 -0.02 12,11 -1
Telephone
(0= 394) 23.42 143  -251,-035 -6 075  -0.02
Non-telephone
(.= 388) 22.73 .1.63  -2.68,-068 -7
el 24.16 _1.45 30006 - w6 588 0Bl
(0= 102) : ; 0.0 ; .
Non-dolomite
(5 = 590) 2273 159  -243,-074 7
STIFENESS
Exercise

. 0. 06,-03 -12 001 0.8
(5 = 470) 3.42 0.41 0
Non-exercise

. -0.13 03,004 -4
(n=316) i
Telephone 3.46 027 043 012 -8 0.65  -0.04
(n=399)
Non-telephone

42 033  -048,-0.17 -10
(n = 391) .
Dolomite

j 0.19 -040,002 -5 028  -0.09
(n=192) 3.66
Non-dolomite 3.37 033  -046,-021 -10
(n = 594)

=
* Independent samples t-test

Analysis at 6 months revealed similar results to those achieved at 24 months.

Once again, no improvements were observed for either the telephone or the

dolomite groups.

116



CHAPTER 2: INTERVENTION STUDY

2.5.4.2 Muscle strength

Subjects in the exercise groups showed a significant increase in isometric
muscle strength (MVC), compared to the non-exercise groups throughout the
trial (Figure 13 — per protocol analysis; Table 24— ITT analysis). The greatest
impact was observed at 6 months, when subjects allocated to the exercise
intervention showed an increase in muscle strength of 5.3%. By contrast, those

allocated to the non-exercise groups showed a reduction in muscle strength of

5.4%.
Figure 13 Change in muscle strength: per protocol analysis (practice B only).
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Table 24 Change in MVC at 24 and 6 months — practice B only (ITT analysis)

Baseline @~ Mean 95%Clfor %A Sig.  Effect

MV A mean A p* size
(Newtons)
24 MONTHS
Exercise
(n=280) 2122 4.8 =2.2.11.9 2.3 <0.001 0.30
Non-
exercise 213.5 =36 2228, -4.3 -6.3
(n=189)
6 MONTHS
Exercise 2122 112
(n=280) 3 y S 170 5.3 <0.001 0.44
Non-
exercise 215.5 -11.6 -18.9,-4.2 =54
(n=189)

* Independent samples t-test

Due to a calibration error during the recording of baseline MVCs for Practice A
(n=317), all change scores were analysed based on data from Practice B alone
(n = 469). Nevertheless, subjects were randomised to treatment groups in
permuted blocks throughout the recruitment period. Any shift in calibration
would therefore have affected all groups equally. As a result, it has been
possible to repeat the analysis based on absolute scores for all subjects.

Analysis in this way continued to show a significant effect (independent t-test;

p=0.02).

In order to explore the possible impact of a change in muscle strength on self-
reported pain status, the data were examined by degree of change in muscle
strength. Table 25 illustrates the significant difference in pain scores between

those subjects who gained muscle strength and those who lost muscle strength.
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This relationship showed a dose-response effect; the largest reductions in pain

were seen amongst subjects with the greatest improvement in muscle strength.

Table 25 Impact of change in MVC scores on WOMAC pain scores at 24

months (all groups — practice B).

AMVC Pain at  Apain* 95% C.1. % A % A over Effect
. ~ baseline for mean A control size
> 10%

reduction 6.72 -0.7,0.3 2.8 - -
(n=160)

No

S 14,05  -13B 11 0.22
change

(n=170)

> 10%

increase 7.29 =20, -0.7 -18.7 -16 0.34
(n=136)

ﬁ

* One-way ANOVA, p=0.01.

¥ Used as comparison group for effect size calculation.
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2.5.4.3 Exercise adherence

Treatment adherence decreased over the 2-year study period as shown

diagrammatically (Figure 14).

Figure 14 Adherence with interventions at 6 and 24 months.
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The most common reasons for non-completion of the exercise programme were
related health problems involving back, hips and ankles (24%) and lack of time

or motivation (23%) (Table 26).
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Table 26 Summary of reasons for non-completion of the exercise programme.

Reason for non-completion

Related health problems 57 (24%)
Lack of time / motivation 53 (23%)
Unrelated health / death 42 (18%)
Knees worse / no better 25 (11%)
Personal circumstances 24 (10%)
Knees better 6 (3%)

Other 28 (12%)

The degree to which adherence with the exercise programme relates to changes
in WOMAC pain scores may help to explain the possible mechanism of
change. Pain scores were examined by sub-group based on categories of low,
medium and high adherence. Subjects who dropped out of the exercise
programme prior to 24 months were included in the low adherence group; as
were subjects who accepted treatment but failed to provide data relating to

exercise activity (Table 27).
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Table 27 Impact of exercise adherence on WOMAC pain scores at 24 months.

Adherence Pain  Apain® 95%Clfor %A % A over Effect
aldmbs  p. .. mean A control size

(non-exercise”)

Low
= i 724  -101 -1.39,-0.62 -14% 8 0.16
Medi

o 759  -1.63 -3.00,-025 -21% 15 0.34
=32
High
o 682  -1.83 240,-126 -27% 21 0.42

# % A in WOMAC pain for non-exercise control group = - 6%.
¢ One-way ANOVA, p=0.05

Two aspects are of particular relevance. Firstly, the number of subjects who
maintained at least medium levels of exercise throughout the trial was 160
(34% of those randomised to the exercise programme). Secondly, a dose-
response effect was observed. Greater reductions in pain were seen with
increasing levels of exercise adherence. The effect size ranged from 0.16 for

subjects in the low adherence group, to 0.42 for those in the high adherence

group.

Of secondary interest was the impact of exercise adherence on subsequent
changes in muscle strength. Both the medium and the high adherence groups
showed a significant improvement in muscle strength over the low adherence

group (based on data from Practice B only) (Table 28).
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Table 28 Impact of exercise adherence on change in muscle strength
(Newtons) at 24 months — practice B only.
E

LMYC A 95% C.I. for % A % A over Effect
Baseline [mMvc? mean A control size
(non exercise”)
Low 213.1 -5.86 -14.2,2.5 2.8 3.5 0.12
n=173
Medium 226.2 2531 -12.5, 63.1 112 7.5 0.62
n=15
High 208.4 21.61 8.8,34.4 10.4 16.7 0.56
n=92

.\
# % A in LMVC for non-exercise control groups = -6.3%.
¢ One-way ANOVA, p=0.01.

2.5.4.4 SF-36

A higher score on the SF-36 physical function score represents improved health
status. This measure changed less than the WOMAC and although modest
improvements were observed between exercise and non-exercise groups at 6
months, the effect was not sustained at 24 months (Table 29). No change was

observed in either the telephone or the dolomite groups.

Table 29 Change in SF-36 physical function at 24 and 6 months (ITT analysis)

Baseline Mean A 95% C.L. % A Sig. Effect
* .

BE for mean A p size
24 MONTHS
Exercise 56.68 -0.65 -2.0,0.8 -1 0.38 0.04
(n=457)
Non-exercise 2

35.51 -1.62 -3.3,0.04 -3

(n=309)
6 MONTHS
Exercise 56.68 2.58 1.4,3.8 46 005  0.08
(n=457)

A 5.51 T S % % S

e o i

* [ndependent samples t-test

n
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2.5.4.5 Anxiety and depression

Levels of anxiety or depression were not significantly altered by any of the
study interventions. The mean scores for all subjects at baseline were 7.0 for
anxiety and 4.7 for depression. For the purposes of screening, a level of >7
would indicate a potential clinical condition for each of these subscales
(Zigmond and Snaith, 1983). In this population, 321 (41%) were rated as
possibly anxious at baseline and 151 (19%) depressed. A summary of the

results is presented (Table 30, Table 31).

Table 30 Mean baseline and change in anxiety scores by factor at 24 months

(ITT data).

Baseline  Mean A 95% C.1. % A Sig*.

anxiety for mean A P

Exercise

. 0.4 07,02 -6.7% 051
68 6.91 0.46 b
Non-exercise

: -0.33 0.6,-002 -4.6%
i 7.11 b
Telephone 6.79 -0.30 06,003 -43% 023
(n = 393)
Non-telephone

7.20 -0.53 08,-03 -7.5%

(n = 390) g
Dolomite 733 .0.58 10,02 79% 03l
(n=191)
Non-dolomite 6.89 -0.40 06,01  -5.8%
(n=592)

ﬁ
* Independent samples t-test.
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Table 31 Mean baseline and change in depression scores by factor at 24

months (ITT analysis).

~ Baseline MeanAfrom 95%ClLfor %A Sig

~ depression baseline . meanA D
Exercise
(n = 468) 4.65 -0.05 -0.3,0.2 -1.1% 0.5
Non-exercise
(n =315) 4.74 -0.16 -0.4,0.1 3.4%
Telephone
(n=393) 4.59 -0.02 -0.3,0.2 04% 04
Non-telephone
(n = 390) 4.78 -0.18 04,005  -3.8%
Dolomite
(n=191) 4.89 -0.02 03,02 04% 03
Non-dolomite
(n=592) 4.62 -0.17 -0.4, 0.06 -3.7%

—_—mme e e ——m

* Independent samples t-test.

2.5.4.6 Patient satisfaction

Upon completion of the trial, participants were asked to complete a short
questionnaire outlining their experience of participation in the study. A total of
641 (82%) questionnaires were returned (people who had previously dropped

out of the study were invited to return the questionnaire by post).

The majority (62%) felt that they had benefited from participation in the trial.
The most frequently reported benefit resulted from the study treatments
themselves (228 responses), although improved knowledge and support was
also an important factor (161 responses). More exercisers than non-exercisers

reported personal benefit from participation (Table 32).
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Adverse events resulting from participation in the study were reported by 95
(15%) subjects. Of these, 36 were related to events experienced during the 6-
monthly assessments, 52 were related to the exercise programme and 7 were
for miscellaneous reasons. Although largely minor (e.g. exercise band dug into
ankle), the importance of exercise related adverse events should not be ignored

and may be important in explaining poor treatment adherence.

Table 32 Self-reported beneficial and adverse events resulting from

participation in the study.

] Bxercise | Nonexercise | Total

n=311 n=27/0 n=0641

BENEFIT

Xes 257 (69%) 141 (52%) 398 (62%)

No 109 (29%) 128 (47%) 237 (37%)

Missing 5 (1%) 1 (<1%) 6 (1%)

ADVERSE EVENT

Yes 73 (20%) 22 (8%) 95 (15%)

No 298 (80%) 247 (92%) 545 (85%)

Missing 0 (0%) 1 (<1%) 1 (<1%)

———_——___——__/——_—_——_
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2.5.5 Multivariate analysis

WOMAC pain scores obtained at 6-monthly intervals were combined to
produce a single dependent variable (AUC) for each subject. A negative AUC
score represents a reduction in knee pain and therefore improved health

outcome. This change score was examined for the possible effects of a number

of independent factors including:

Baseline characteristics
Age, sex, BMI, radiographic status (= Grade II or normal),
clinical signs (fibromyalgia, joint hypermobility, concurrent hip
pain, concurrent back pain), self-reported comorbidity (absent or
present), bilateral knee pain (absent or present), WOMAC knee

pain scores, HADS anxiety and depression scores.

Factors relating to trial participation
Recruitment centre, intervention type, voluntary muscle strength
at 24 months, change from baseline at 24 months for anxiety

and depression.

Continuous variables were recoded as categorical variables in order to aid
interpretation of results. Age, baseline knee pain and MVC at 24 months were
entered based on quartile groupings. BMI was classified as

underweight/normal. overweight or obese. Baseline anxiety and depression
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were entered as binary variables reflecting the presence or absence of clinically
meaningful cases (based on HAD scores of >7) (Zigmond and Snaith, 1983).
Change in anxiety and depression were coded as being better than, the same as,
or worse than baseline values. Full criteria for creating the model are outlined
in the statistical methods section of this chapter (section 2.4.3). Entry into the
final stepwise model was set at the 5% level and exclusion at 10%. Only actual
data were used (not imputed values) and all necessary assumptions were met.
Since muscle strength measurements were affected by the calibration error at
practice A, baseline MVC and change in MVC scores were not included in the
model. Nevertheless, it was possible to include actual MVC readings at 24

months as these were unaffected by the error.

Eight variables were found to be significant predictors of response (R*=27%,
adjusted R?=26%) (Table 33). The most important of these were high
baseline pain scores and low MVC readings at 24 months. Those with the
worst pain at baseline showed the greatest improvement in knee pain, (although
this may reflect regression to the mean). Individuals with low MVC scores at
24 months were less likely to report an improvement in pain. Even after
adjusting for these variables, allocation to the exercise intervention remained a
significant factor. In addition, radiographic OA, obesity, clinical anxiety at
baseline, worsening anxiety during the period of the study and bilateral knee

pain were all associated with poorer outcomes.
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Table 33 Results of multivariate analysis for change in WOMAC scores

throughout the 24-month period (dependent variable: Area Under the Curve )
%—

_ Beoefficient SE ClI for B P R?
Baseline
WOMAC pain -11.7 1.06 -13.8,-9.6 <0.001 8.6%
>10
MVC at 24 mths
0-140N 4.3 0.9 2.5.6.1 <0.001 4.7%
Exercise -2.8 0.7 4.2 -1.5 <0.001 2.9%
Baseline
WOMAC pain -6.9 141 -89, 4.8 <0.001 2.9%
7-9.9
> Grade II OA 1.3 0.4 0.6,2.0 <0.001 2.0%
Anxiety worse 2.9 0.7 1.5,4.4 <0.001 1.5%
Baseline anxiety 2.3 0.7 1.0, 3.9 0.001 1.2%
Obesity 23 0.8 0.8,3.8 0.003 1.2%
Baseline
WOMAC pain -3.1 1.0 -5.1,-1.2 0.002 1.2%
4-6.9
Bilsteralne 1.8 0.7 0.4,3.2 0.01 0.8%

aim

Residual s.d. = 0.99
Total R*>=27%

Two further models were constructed in order to assess the importance of each
of these variables in explaining health outcomes for the exercise and non-
exercise groups independently. For the ‘exercise model’, treatment adherence
was included as an independent variable. In both models, results were broadly
similar to those obtained for the whole population. However, the importance of
structural change was no longer significant for the exercise group, whilst both
structural change and self-reported back pain proved to be significant factors
for the non-exercise group. Treatment adherence failed to reach significance in

the exercise model; possibly due to its close association with muscle strength.
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2.6 DISCUSSION
2.6.1 Main findings

This study demonstrates that exercise therapy can produce a moderate and
significant reduction in self-reported knee pain amongst older, community
dwelling adults over a 24-month period. Compared to the non-exercise control
groups, exercise therapy resulted in an average reduction in knee pain of 12%.
This effect was incremental to benefits resulting from normal care and is thus

of considerable clinical relevance.

Improvements in pain were achieved by six months and sustained throughout
the study period. Exercise therapy may therefore be considered a realistic
treatment option, capable of providing long-term improvements in knee pain.
Adherence with the programme was moderate. In those that adhered to the
programme however, the exercises were well tolerated. The main reasons for
non-adherence involved either related health problems (back, hips and ankles)

or lack of time or motivation.

The number needed to treat statistic (NNT) provides a direct measure of the
clinical importance of the findings. An improvement of >50% in reported knee
pain was chosen as a clinically meaningful outcome in order to facilitate
comparison with other studies. For example, a meta-analysis of the efficacy of
topical NSAIDs suggested the NNT in order to achieve a >50¢% improvement

in pain after 2 weeks of treatment was 3.1 (Moore et al. 1998). The NNT in the
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current study was higher (mean = 10), but exercise therapy was delivered as an
adjunct to normal care and outcomes were maintained over 2 years. Varying
the trial period for outcome data can have a marked impact on efficacy
findings. Two studies to examine the efficacy of intra-articular hyaluronic acid
suggested that the NNT to achieve a >20% improvement in knee pain was 40.2
if outcomes were assessed at 1 year, whereas outcomes assessed at 35 days

produced a NNT figure of 7.2 (Pendleton et al. 2000).

The introduction of telephone support and the placebo health food product
contributed little to the observed improvements in knee pain. This finding
supports the belief that exercise therapy can provide benefits beyond the
potential psychosocial effects intrinsic to the delivery of the programme. The
lack of an interaction between exercise and telephone in the two combined
treatment groups also suggested that little could be added by the concurrent
provision of social support. Nevertheless, the telephone intervention was
specifically structured in order to avoid discussion of the exercise programme
and may therefore have minimised any possible interaction. A more proactive
intervention could potentially have resulted in improved exercise adherence

(with its associated improvements in knee pain).

Results of the multivariate analysis supported the conclusion that exercise
therapy was an important factor in the control of knee pain. Both allocation to
an exercise group and muscle strength at 24 months were significant factors in

the final model. Other modifiable factors included obesity and levels of
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anxiety. Obesity has consistently been reported as a putative risk factor for
knee OA (Felson et al. 1997; Felson, 1995; Cooper et al. 1994) and
encouragement to reduce weight should ideally be included as a first line
treatment (ACR subcommittee on osteoarthritis guidelines, 2000; Pendleton et
al. 2000). The importance of anxiety in explaining self-reported knee pain
points to the continued importance of psychosocial factors in pain management
and may help to inform our understanding of the possible impact of educational

support programmes.

The importance of concurrent back pain in the ‘non-exercise model’ may
reflect the difficulty of developing condition specific outcome measures. Back
pain has previously been identified as an important factor in determining
WOMAC scores (pain, stiffness and physical function), along with other non-

articular factors such as fatigue and depression (Wolfe, 1999).

2.6.2 Secondary outcomes

In addition to improvements in self-reported knee pain, the €XErcise
programme produced significant improvements in knee stiffness and knee-
specific physical function. These effects were relatively small, but again
represented improvements beyond existing levels of care. More generic
measures of health status (SF-36, HADS and EuroQol) did not show a
significant effect. Given the nature of the trial interventions it was to be

expected that knee-specific improvements might not have been reflected 1n

132



CHAPTER 2: INTERVENTION STUDY

wider measures of quality-of-life. Other authors have reported similar
limitations in using generic outcome measures (Fransen and Edmonds, 1999:
Wolfe and Hawley, 1997; Bellamy, 1995). In particular, the presence of
comorbidity could have exerted a dominant effect, which would have masked

the limited knee-specific benefits (Xuan et al. 1999).

2.6.3 Comparison with other studies

This was a pragmatic study, the implications of which are important when
seeking to make comparisons with other study findings. In general, it was
anticipated that effect sizes achieved by the trial would be smaller than those
reported in previous studies. Several factors contributed to this effect: i)
analysis was on an intent-to-treat basis; ii) limited exclusion criteria were
employed (resulting in high levels of comorbidity and relatively low baseline
values for knee pain); iii) practical interventions were used, with limited input
from health professionals; iv) effects were reported as incremental to normal

care, and v) a relatively long-term period of follow-up was undertaken.

One study to have employed a similar design to that of the current trial was the
Fitness Arthritis and Seniors Trial (FAST) (Ettinger et al. 1997). These
investigators reported a 12% improvement in knee pain for subjects allocated
to exercise therapy (compared to health education), which equates to an effect
size of 0.5. Adherence with the exercise programme was roughly comparable

to rates observed in the current trial. Outcomes were examined over an 18-
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month period and analysis was conducted on an intent-to-treat basis.
Treatment arms included exercise therapy (aerobic and quadriceps
strengthening arms) and a health education control group. One difficulty with
the trial was that health education was used as the control group. As a result it
was not possible to quantify the health benefits of the education programme
compared to no intervention. Interpretation of the incremental benefits of
exercise therapy (compared to existing levels of care) was therefore difficult to
establish. In addition, the exercise programme was delivered in a relatively
intensive manner; involving a combination of both group therapy and
individual home exercise. As such, it was intended as an exploratory trial to

examine the benefits of exercise therapy in an optimal research environment.

Analysis of a less intensive home-based exercise programme was explored in a
pragmatic study of 6-month duration (O'Reilly et al. 1999). This study
randomised 191 adults aged 40-80 years with self-reported knee pain, to either
home-based exercise or no intervention. The exercise programme was
delivered as four home visits by the research therapist and consisted of
quadriceps strengthening and aerobic exercises. At 6 months a 16% reduction
in self-reported knee pain was reported for the exercise participants compared
to the no intervention control group. However, the lack of a social support
control group meant that it was not possible to quantify the psychosocial

aspects of contact with the therapist.
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An influential study to have examined the impact of aerobic exercise was a
study by Kovar et al, (1992). This study examined 102 OA patients who were
randomised to receive either supervised walking or no intervention. Outcomes
were examined at 8 weeks and were thus of relatively short-term duration. The
investigators reported an effect size of 0.6 for a reduction in knee pain. A
recent follow-up to this study (Sullivan et al. 1998) examined outcomes at one
year, post-treatment. It was found that continued adherence with the walking
programme was low and that any significant improvements in pain status
resulting from the intervention were subsequently lost. This reinforces the key
importance of improving exercise adherence if benefits are to be sustained.
The fact that the current study showed sustained improvements throughout the
24-month period of the trial suggests that the continued follow-up of patients at
6-monthly intervals may be an appropriate way to encourage continued

participation.

A meta-analysis comparing patient education with NSAID use in both OA and
RA patients (Superio-Cabuslay et al. 1996) was conducted in order to examine
the incremental benefits of patient education. The average effect size for
improvements arising from patient education was 0.17. However, there was a
significant difference between education programmes that sought to affect
behavioural change and those providing information and social support alone.
This effect was also reported by Maisiak et al. (1996), who found that a
combination of symptom monitoring and social support was less eftective than
4 treatment aimed at increasing patient involvement and encouraging
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behavioural change. The findings of the present study support this hypothesis
in that the limited social support available through the telephone intervention

was not sufficient to produce any improvement in health status.

2.6.4 Caveats

Every effort was made to reduce the methodological problems associated with
some of the earlier trials into the efficacy of exercise therapy. Nevertheless,
certain limitations need to be recognised. The trial sought to achieve both
internal and external validity through its pragmatic design. However, the
generalisability of the study findings was compromised by the significant
differences between the pain positive subjects recruited into the trial and those
not recruited. This means that extrapolation beyond the study population

should be conducted with care.

Similarly, adherence was identified as being important in explaining the study
findings. It is conceivable that adherence within the trial was higher than may
be observed upon wider implementation. Subjects were aware that they were
involved in a trial and that they would be contacted at regular intervals. The

impact of a possible reduction in adherence should not therefore be dismissed.

Throughout the trial, primary analysis was based on intent-to-treat principles.
Whilst this was intended to deal with missing data in as pessimistic a manner

as possible. the technique does not avoid bias completely. It is possible that
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short-term improvements seen at 6 months were simply carried forward to later
time points for those subjects who dropped out of the study prior to 24 months.
This could have artificially inflated improvements in pain at later assessments.

However, sensitivity analysis (per protocol and return to baseline for missing

values) suggested no such bias.

Blind assessment of treatment outcomes was a key feature of the trial design.
Whilst every effort was made to ensure that this was maintained, the nature of
the trial meant that this was not always possible. The regular contact between
assessment metrologists and study volunteers meant that some degree of
disclosure was inevitable. Nevertheless, the primary outcome was based on
self-completion questionnaires and should not therefore have been influenced

by any knowledge on the part of the research metrologist.

A more fundamental problem for the study was the fact that lack of power
limited the ability to perform between-group analysis. Whilst factorial
comparison of exercise and non-exercise groups was helpful, this limited the
ability to distinguish between the various non-exercise interventions

(telephone, dolomite and no intervention).

Finally, an important aspect of any exercise therapy is to establish that the
programme does not aggravate existing symptoms. Evidence from the trial
suggested a largely positive effect. However. it should be recognised that a
dramatic worsening of knce pain may have resulted in premature drop out. As
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a result, no evidence would have been gathered concerning these individuals.
Nevertheless, complete data were available for 87% of subjects at 24 months
and sensitivity analysis relating to the handling of missing data revealed no
evidence of bias. Results of the patient satisfaction survey suggested possible
adverse events in 20% of those subjects allocated to the exercise programme
(compared to 8% for non-exercise participants). Whilst the majority of these
events related to incidents of minor importance (e.g. the exercise band was
uncomfortable around the ankle), their impact on possible treatment adherence
should not be ignored. Evidence of radiographic progression of disease activity
was not possible to assess in this study since subjects were not X-rayed at 24
months. The FAST study reported no evidence of change in radiographic

status resulting from exercise therapy of this kind (Ettinger et al. 1997).
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3 Cost of knee pain

3.1 Aims and objectives

Health costs incurred during the 6-month period prior to participation in the
intervention study were assessed for all subjects. These data provided baseline
values for the subsequent cost-effectiveness study and represented a period in
time prior to contact with the study team. Two main objectives were

addressed:

1. To explore the economic impact of knee pain in the community (including
medical and personal costs).

2. To identify the factors most closely associated with high primary care costs.

139



CHAPTER 3: COST OF KNEE PAIN

3.2 Method

3.2.1 Study perspective

This cost-of-illness study reflects the costs incurred by study volunteers for the
6-month period prior to entry into the trial. A societal perspective was adopted,
although the principle emphasis was on direct costs to the NHS. Comparison
with a control group was not possible within the study design. As a result, the
reported data are intended to provide an indication of the relative contribution

of individual costs only.

3.2.2 Subjects

Subjects for the economic evaluation were taken from the intervention trial.
They were categorised by diagnosis (OA or RA) on the a-priori assumption that
the medical and personal costs incurred by RA subjects would be considerably
higher than those incurred by OA subjects (Lanes et al. 1997). In the absence
of a positive diagnosis of RA (or other connective tissue disorder) in the GP
notes, subjects were classified as OA (regardless of radiographic status). RA
patients were included in the economic analysis since the principle concern of
the study was that of self-reported knee pain. Costs are reported both with and

without these patients for comparative purposes.
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3.2.3 Clarification of terminology

The terminology of economic evaluation lacks standardisation. In particular,

disagreement over the appropriate use of several key terms has resulted in the

same concepts being labelled differently by different authors (Pettiti, 1994). In

order to avoid such confusion, a list of the key terms used in the following two

chapters are documented in Table 34.

Table 34 Definition of key terms used in the current study and alternative

definitions used by other authors (adapted from Petitti, 1994)

Term used by current study

Definition

Direct cost of treatment provision /
intervention costs

Personal costs of treatment provision

The cost of delivering the treatment under
investigation (including labour and materials)

Costs incurred by patients as a result of the

treatment under investigation.

Medical costs

Costs incurred by the health provider for normal

treatment provision (including +ve and —ve
consequences of direct treatment provision)

Personal medical costs

Costs incurred by patients in accessing normal

health care provision.

Indirect costs

The cost of lost productivity due to ill health and /

or treatment provision (including the concept of
costs associated with alternative use of time).

Additional costs / intangible costs
pain.

The cost of pain and disability caused by knee

F
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3.24 Costs included in the cost analysis

Having identified the major resource use implications of knee pain (adopting a
societal perspective), the main cost drivers were chosen for further analysis.
Items that were felt to be of minor importance, or were difficult to accurately

quantify or cost, were documented in a qualitative manner.

Costs included in the final analysis were:

a) Medical costs — GP consultation costs, GP prescribed drugs and
secondary care costs.

b) Personal medical costs — prescription charges, travel costs and OTC

drugs.

Results are presented for primary care costs (GP costs + GP prescribed drug
costs), total medical costs (primary care costs + secondary care costs) and
societal costs (total medical costs + personal medical costs). The implications
of excluding other costs from the main analysis were explored using sensitivity

analysis.

3.2.5 Definition of costs

All costs are reported in pounds sterling at 1996 prices.

3.2.5.1 Medical costs

Details of service-use provision (GP costs, GP prescribed drug costs and

sccondary care costs) were obtained from an examination of patients’ GP notes.
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Obtaining frequency data from GP notes rather than through patient
questionnaires has two main advantages:
¢ Itreduces recall error. This may be particularly true of elderly, community

dwelling adults with a chronic condition (Linet et al. 1989).
e It allows the collection of data for all subjects regardless of study attrition.

Details of related services (e.g. physiotherapy, chiropody and other primary
care services) were recorded where possible, although reliable data were rarely

available.

In an attempt to attribute resource use, data in all categories were recorded
according to four criteria:
1) Exclusively related to knee pain.
i1) Partially related to knee pain:
a) Only part of the consultation time involved talking about knees.
b) Consultations involving the lower back, hips, ankles or feet.
ii) Side-effects of arthritis drugs e.g. gastrointestinal problems caused by
NSAID use.

iv) Not related to knee pain.

3.2.5.1.1 GP Costs

These were based on frequency of GP consultations, treatments (injections or
minor surgical operations), investigations (blood/urine tests, ECG recordings).
radiographs and domiciliary visits. Unit costs were obtained from PSSRU

(Netten and Dennett, 1996) and from the local hospital finance department.
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3.2.5.1.2 'GP Prescribed Drugs

Details of prescribed drugs were abstracted from GP notes and recorded
according to the British National Formulary (BNF) classification scheme. The
cost of individual drugs was based on average unit prices quoted in the
September 1996 edition of the BNF. Drugs of particular relevance to arthritic
conditions were identified by a consultant rheumatologist as outlined in Table
35, and were documented individually. Dispensing costs were excluded from
analysis since it was unclear from previous studies whether they had been
included or not. The impact of excluding such costs was explored in sensitivity

analysis.

Table 35 Arthritis related drugs.

Drug Type .~ BNEGode
Oral NSAIDs - normal 10.1.1
- slow release
Topical NSAIDs 10.3.2
Analgesics 4.7.10r4.7.2
Gastro-intestinal drugs 13113500 1.3.4
Other related drugs:
e Steroids 10.1.2
e Tri-cyclic anti-depressants < 50 mg 4.3.1
e Quinine (if quoted by patient) 10.2.2

[t was not always possible to establish why particular drugs had been
prescribed from GP case notes alone. Judgements were therefore based on

retrospective data collected through patient questionnaires (Appendix 3).
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3.2.5.1.3 Secondary care costs

Hospital costs were based on local figures from the finance department at
Queen’s Medical Centre, Nottingham. Outpatient and daycase costs were
based on average rheumatology visits. Inpatient costs used the main cost
drivers of number of days in hospital, and the number of days in intensive care.
This was felt to best reflect actual resource use as figures produced for
individual procedures by the hospital finance department did not take into
account the often high levels of variance between individual patients. This was
of particular relevance to the current study since arthritis is associated with
high cost conditions such as obesity, diabetes and heart disease (Gabriel et al.

1999; Gabriel et al. 1997a).

The use of private medical facilities was documented separately. Total medical
costs are reported both with and without these private costs. The personal cost
of private health insurance was difficult to ascertain from questionnaire
responses as monthly premiums were usually unknown or paid for by an

employer.

Abstraction forms employed for case note abstraction are available in

Appendix 10.
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3.2.5.2 Personal medical costs

Three categories of costs were identified as relating to personal medical costs:
a) prescription charges; b) over-the-counter (OTC) drugs and c) travel costs
incurred whilst travelling to and from the health provider (GP surgery or
hospital). Prescription and OTC drug costs were assessed using patient
questionnaires (assessed retrospectively for the preceding 6 months).
(Appendix 3). In order to avoid double counting of prescription costs (since
they are a transfer payment), details have been documented in the personal

costs section, but were not included in the total societal costs.

3.2.5.2.1 Prescription charges

Prescription charges were calculated at £5.50 per prescription issued.
Exemption from prescription charges was assessed through the patient
questionnaire. However, the relevant question was worded in the negative;
“Are you exempt from prescription charges? ', and the resulting responses
revealed clear confusion. As a result, prescription status was estimated for all
periods based on a volunteer’s age and employment status. All those under the
age of 60 who were not registered as unemployed were assumed to pay
prescription charges. Subjects who received more than 7 prescriptions in the 6
months prior to randomisation, were assumed to have purchased a prepayment
certificate. As a result, a ceiling of £40 per person was imposed on prescription
costs incurred during each 6-month period. It is hoped that the resulting data

arc a reflection of the actual personal costs incurred.
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3.2.5.2.2 Over-the-counter (OTC) drugs

Items bought over-the-counter for the relief of knee pain were identified by
subjects using the patient questionnaire. Drugs of interest were identified as
being: NSAIDs, analgesics, rubs or gels and health food products (e.g. cod liver
oil). Since much of the patient derived information was difficult to interpret,
standard quantities (based on GP prescription data) were assumed for each

identified purchase. Costs were based on prices quoted in the OTC directory

1995/6. (Table 36).

Table 36 Summary of quantity and price of OTC drugs.

Drug Price based on Quantity Cost
(6 months)

NSAIDs Ibuprofen 56 per month £15
200 mg

Analgesics Paracetamol 50 per month £18
500mg

Rubs / gels Movelat One tube £6.99
100g

Health foods Cod liver oil 1 per day £10
500 mg

3.2.5.2.3 Travel costs

Cost incurred by patients for travel to and from the health provider (GP or
hospital) were calculated based on average distances traveled. The staff travel
rate for the local hospital of 37p per mile was used (mileage was estimated at

two miles [74p] per doctor’s visit and ten miles [£3.70p] per hospital visit).
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Travel costs incurred by the friends and family of knee pain patients were not

considered as part of this analysis.

3.2.5.3 Costs not included in the economic analysis

Details of other resource use were collected using patient questionnaires and

included the following:

e Equipment purchased — an assessment of those items purchased by patients

or outside agencies.

e Assistance from social services — provision of aids, meals-on-wheels,

home-help.
o Eligibility for financial assistance — disability living allowance etc.

e Use of alternative health care — osteopathy, aromatherapy etc.

These data were not included in the formal economic analysis as the
information related to services and equipment used for the relief of knee-
related symptoms only (rather than total costs) and was collected over a

different time period (12 months).

Medical costs relating to the professions allied to medicine (PAMs), such as
physiotherapy, occupational therapy and chiropody were documented from GP
notes. It has not been possible to provide accurate cost data for these

professions since the number of sessions provided per treatment block was

unclear.
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Costs associated with lost productivity (indirect costs) were documented in a
qualitative manner. The financial impact of excluding these costs was explored

1n sensitivity analysis.

Intangible costs (loss of leisure time, pain and disability) associated with knee
pain were difficult to capture and cost in a meaningful way. Nevertheless, the
need for informal care from family and friends was documented and provided
some indication of the possible impact of knee pain on daily function. It was
not felt appropriate to attach a monetary value to this care, and the need for

help was documented in a descriptive manner only.

3.2.6 Unit costs

Unit cost and frequency of resource use are documented in Table 38 and Table

42 of the results section. Alternative costs may be applied as required

3.2.7 Data manipulation
3.2.7.1 General data management

All data were entered onto a customised database (Microsoft® Access 97), and
analysis was conducted using SPSS for windows version 8.0 (SPSS Inc.,
Chicago. IL). Unit cost and total cost data are presented throughout; from
which unit resource use can be calculated. It has been possible to calculate

annual equivalent rates from the 6-month data. since recruitment was achieved
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over a 12-month period. Any seasonal variation should therefore have been
captured. The total costs and arithmetic mean are presented as being the most
informative summary measures for policy decision-makers (Thompson and
Barber, 2000; Barber and Thompson, 1998). Nevertheless, the median
provides an indication of the degree of skew in the dataset and has been

included for interest.

Primary care costs are reported in addition to total medical costs since the
majority of knee pain sufferers are managed in the community. It was

therefore of some interest to be able to isolate primary care costs.

The identification of costs specifically related to knee pain proved to be
problematic. Attempts were made to classify all data as being either knee
costs, partially knee related costs, costs resulting from NSAID related side
effects, or unrelated costs. However, the specific joint of involvement or
reason for a particular prescription were not always clear and it is possible that
some degree of overlap or misclassification has occurred. Nevertheless, for the

main analysis, total knee costs were defined as being:

Knee costs + 20% of partially knee related costs + 20% of NSAID-related side

effect costs.

The decision to allocate 20% of the partially related costs and 20% of the side
offect costs to the total cost of knee pain was taken after an examination of the
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data capture forms and through discussion with consultant rheumatologists.
Whilst it is hoped that this provides a best estimate as to the probable cost of
knee related care, the probable impact of varying this percentage has been

explored in sensitivity analysis.

3.2.7.2 Key assumptions

This cost-of-illness study is based solely on those items specifically outlined in
earlier sections. It is not an exhaustive study of all possible cost implications.
Rather, it is a pragmatic attempt to document some of the major cost drivers in

relation to the medical management of knee pain in the community.

Whilst every effort was made to identify a broadly representative sample
population, it should be recognised that all subjects were enrolled in the
subsequent 2-year intervention programme. As a result, it is possible that
generalisation of the observed health costs to a wider population may be

problematic (Cronan et al. 1997b).

Finally, the majority of data collection was achieved through an examination of
GP case notes. It is possible that unit resource use data have been
underestimated as a result of inaccurate / inconsistent documentation or
limitations in communication between primary and secondary care. It has not

been possible to ascertain the degree of any such bias.
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3.2.7.3 Regression analysis

Economic data provides a unique challenge for data analysis as it is usually
highly skewed and frequently includes large numbers of patients who have
incurred zero costs. In order to explore the data through regression analysis it
was necessary to construct two-stages of analysis (Lipscomb et al. 1998):

1) Logistic regression model — to compare the characteristics of those
patients who incurred costs with those who did not.

i) Linear regression model — excluding those patients who incurred
zero costs. This analysis assessed the factors most closely
associated with high medical costs.

Secondary care costs were excluded from analysis since the predominance of
low frequency, but high cost events would have reduced the predictive ability

of the model.

The dependent variable for the logistic regression was defined by whether or
not primary care costs were incurred during the six-month baseline period.
Odds ratios (OR), confidence intervals (CI) and significance levels have been
reported. The odds ratio (OR) is calculated as the exponential of the B-
coefficient. An OR of greater than 1 represents increased risk, whilst an OR of
less than 1 suggests a protective effect. Continuous variables were re-classified

as categorical variables in order to aid interpretation.
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Subjects who incurred no costs during the six-month baseline period were
excluded from further analysis. Linear regression was then conducted using
the log of the baseline primary care costs for the remaining subjects. Log
transformation of the data was performed prior to inclusion in the model in

order to meet the assumption of normality.

Both models were conducted in two stages. Variables were initially entered

using a backward selection model (entry criteria of 10%). A second stepwise

model was then conducted in which significant variables from the first model
were entered, plus factors of a-priori interest (radiographic status and BMI).

For the stepwise model, entry was set at the 5% level and exclusion at 10%.
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3.3 Results

3.3.1 Subject characteristics

Subjects for the economic evaluation were taken from the intervention trial

(n =759). Case notes were unavailable for 27 subjects (patients had either died
or left the surgery), and these subjects were excluded from further analysis.
The demographic characteristics of the study population have been reported
elsewhere (Table 15). Additional characteristics of relevance to the economic

evaluation are summarised (Table 37).

Table 37 Summary of baseline patient characteristics.

 Patient characteristics  Instudy  Excluded
n (%) n (%)
OA 729 (96) 27 (100)
RA 30 (4) 0(0)
Prescription exempt 467 (61.5) 17 (63)
Private health insurance 88 (11) 216D
Retired 440 (58) 16 (59)
Work full-time 139 (18) 4 (15)
Work part-time 100 (13) SECLTY
Unemployed 49 (7) 37(l)
Not employed 28 (4) 1(4)
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3.3.2 Medical costs

. 0 G ¢ Qtal medical costs

The total medical costs incurred by the study population for the baseline 6-
month period was £191,697 (X = £253). Costs were highly skewed with the
majority of patients (55%) incurring costs of less than £100 (Figure 15). Of
these, 85 (11% of total population) incurred no medical costs for this period.
Of the ‘high’ service users (those who incurred costs of greater than £400), 36
incurred costs of over £1,000, with a range from £1,000 to £4,752 (with the

exception of a single outlier of £25,366).

Figure 15 Total baseline costs to the health provider (6-month period).

400
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The relative contribution of secondary care, GP prescribed drugs and GP
consultation costs were £113,258 (59%); £56,906 (30%) and £21,533 (11%)
respectively. Whilst secondary care costs represented the largest overall
expenditure, this amount was incurred by 29% of the population and 69% of

the total was accounted for by just 28 patients.

Total knee costs for secondary care, GP prescribed drugs and GP consultations
were £5,285 (38%), £6,684 (48%) and £1,992 (14%) respectively. Knee
related costs were consistently higher for patients with RA (X =£44.36) than for

patients with OA (x = £17.33).

3.3.2.2 GP costs

GP consultation costs were relatively modest compared to secondary acre and
GP prescribed drug costs. In all categories, the major cost driver was GP
consultation time. The impact of investigations, treatments and radiographs
contributed just 14% (£2,953) to total GP consultation costs (Table 38). The
mean cost per person was £28.37 (£56.74 annual equivalent) for total GP costs

and £2.63 (£5.25 annual equivalent) for total knee costs.
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Table 38 Direct medical costs incurred during baseline 6 month period (knee

costs = knee costs + 20% related costs + 20% side effect costs; totals rounded

to nearest pound).

Total cost (£) Total knee cost (£) Knee cost excl.
(n =1759) (n =759) e
GP COSTS
Consultations @ £10 16,660 1,564
Telephone contact @ £5 130 4
Investigations / treatments @ £5 2310 160
X-rays @ £9 per joint 513 144
Domicilliary visits @ £30 1,920 120
TOTAL 21,533 1,992 1,779
Mean (s.d.) 28.37 (30.6) 2.63 (8.5) 2.44 (8.4)
Median 20.00 0.00 0.00
ANNUAL EQUIVALENT 43,066 3,984 3,558
Mean (s.d) 56.74 (61.2) 5.25 (17.0) 4.88 (16.7)
HOSPITAL COSTS
Inpatient 1% day @ £500 28,500 1,600
Inpatient subsequent days @ £300 59,700 2,160
Days in ICU @ £1,000 0 0
Daycase surgery @ £480 5,280 96
Outpatient new referral @ £100 7,100 520
Outpatient follow-up @ £40 11,800 808
A&E @ £42 798 101
TOTAL 113,258 5,285 5,041
Mean (s.d.) 149.22 (976.9) 6.96 (91.0) 6.91 (92.9)
Median 0.00 0.00 0.00
ANNUAL EQUIVALENT 226,516 10,570 10,082
Mean (s.d) 298.44 13.93 (182.1) 13.83 (185.7)
(1,953.7)
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Table 38 (Continued)

?»idetéll,yKnee{c'dst Knee cost excl.
%) RA patients (£)
PRESCRIBED DRUGS
ARTHRITIS DRUGS
NSAIDs 6,218.74 4,240.47
Topical rubs / gels 885.88 608.97
Analgesics 2,126.09 1,290.16
Gastrointestinal drugs 6,847.19 316.77
Other arthritis related drugs 625.06 227.79
TOTAL ARTHRITIS DRUGS 16,703 6,684 5,810
Mean (s.d.) 22.01 (50.2) 8.81 (23.5) 7.97 (21.1)
ANNUAL EQUIVALENT 33,406 13,368 11,620
Mean (s.d.) 44.02 (100.4) 17.62 (47.1) 15.95 (42.2)
TOTAL UNRELATED DRUGS 40,203 -
Mean (s.d.) 52.97 (105.0) -
TOTAL DRUGS 56,906 -
Mean (s.d.) 74.98 (123.9) -
ANNUAL EQUIVALENT 113,812 -
Mean (s.d.) 149.97 (247.8)
TOTAL PRESCRIPTIONS 7,637 1,187 1,023
ISSUED (6 months)
Mean £ per prescription 7.45 5.63 5.68
TOTAL DIRECT MEDICAL 191,697 13,961* 12,630
COSTS
Mean (s.d.) 252.57 18.39 (94.7) 17.33 (95.8)
(1,023.7)
Median 80 0 0
ANNUAL EQUIVALENT 383,394 27,922 25,260
Mean (s.d.) 505.1(2,047.4) 36.79 (189.4) 34.65 (191.6)

TOTAL PRIMARY CARE 78,439 8,676* 7,589
COSTS

Mean (s.d.) 103.35 (136.2) 11.43 (25.6) 10.41(23.2)
Median 64.24 0 0
ANNUAL EQUIVALENT 156,878 17,352 15,179
Mean (s.d.) 206.70 (272.3) 22.86 (51.2) 20.82 (46.4)

ﬁ..
* Total knee related costs represent 7% of total medical costs and 11% of primary care costs.
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Total cost (E)

3.3.2.3 GP prescribed drugs

The cost of GP prescribed drugs was 2% times the cost of GP consultations at
£56,906. Arthritis related drugs contributed 29% to this total, with knee
prescriptions alone being £6,684 (12%). The mean cost per person was £75 for
all drugs, £22 for arthritis-related drugs and £9 for drugs taken specifically
because of knee pain. Full details are tabulated (Table 38). On average, 10
prescriptions were issued per person (X cost per prescription to NHS £7.45), 1.6
of which were issued for knee pain (X cost per prescription £5.63). The relative
contribution of each of the arthritis related drugs is shown (Figure 16). The
importance of NSAIDs and gastrointestinal drugs to treat the side effects of

NSAIDs in the treatment of arthritis is of particular note.

Figure 16 Contribution of drug type to total arthritis drug costs (6-month

period).
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The majority of prescriptions were issued to patients who were exempt from
prescription charges. This meant that reimbursement through prescription

charges contributed just 11% to the total cost (Table 39).

Table 39 Total drug costs in relation to prescription charges paid (6-month

period).
~ Drug cost to NHS ~ Prescription % of total cost
e v charges paid (£) reimbursed
Knee related drugs 6,684 1,044 15.6%
Total drugs 56,906 6,128 10.8%

3.3.2.4 Secondary care costs

The impact of secondary care on total medical costs was high (59% of total
cost). The majority of this amount was incurred as inpatient stays (£88,200).
The mean cost per person was £149 (s.d. £977). Full details are tabulated

(Table 38).

Secondary care costs for knee related care were relatively low (£5,285). Three
operations (arthroscopies) accounted for 76% of this amount. However, a
single knee replacement operation (costing £5,000) would effectively double
the observed cost. Since having had a total knee replacement (TKR) was an

exclusion criteria for entry to the trial, this data may under-represent the true

cost of knee osteoarthritis.
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3.3.3 Other medical costs

Details of professions allied to medicine (PAMs) were documented where
possible (Table 40). Great variability existed in the quality of the data and

figures should be used as a guide only.

Table 40 Number of PAMs sessions instigated through primary care (6-month

period).
Physiotherapy Private Chiropody Psychiatrist Dietician
physiotherapy

Knee related 3 0 0 0 0
Partially knee 9 4 2 0 0
related

Other 12 8 0 10 1
Total 24 12 2 10 1

In addition to physiotherapy provided in primary care, 4 courses of hospital-
based physiotherapy were prescribed (1 for a knee complaint and 3 for back

and hip complaints).

3.3.4 Personal costs

The personal costs incurred by patients in accessing medical care (prescription
payments and travel costs) are summarised in (Table 41). The cost of items
bought over-the-counter (OTC) has been documented separately since data for

these items were collected for knee related purchases only (Table 42).
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Table 41 Personal medical costs excluding OTC costs (6-month period)

, Prescriptions  Prescriptions  Travel—- Travel-  Mean Total
n=1759 (exempt) (non-exempt) GP Hospital (s.d)
n = 467 n=292 visits visits
Knee costs Units 848 339 156 31 - =
Units
incurring 0 217 N/A N/A - -
cost *
Cost £0 £1,194 £116 £115 £1.88 £1,424
(5.3)
Total costs Units 5,458 2,179 1,666 453 - -
Units
incurring 0 1,114 N/A N/A - -
cost
Cost £0 £6,128 1,233 £1,676 £11.90 £9,037
(16.0)

Individuals who incurred more than 7 prescriptions within the 6-month period were assumed
to have purchased a pre-payment certificate.

3.3.4.1 Prescription charges

Prescription charges reflect the costs incurred by 38.5% of subjects (the
remainder being exempt from charges). Nevertheless, these charges
contributed significantly to the total personal costs incurred. This was
particularly so for total knee costs, where prescription charges accounted for
84% of the total personal costs and may reflect the importance of drug therapy

for the treatment of OA.

3.3.4.2 Travel costs

Travel costs incurred by patients were generally low (£3.83 per person for total
costs and £0.30 for knee costs). These figure represent direct travel costs and

do not include an estimation of the opportunity cost of time spent travelling.
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3.3.4.3 OTC drug costs

Drugs bought over-the-counter (OTC) represent a considerable cost to the
individual. The cost of purchases made in this way was almost 3 times greater
than the combined cost of travel and prescription charges (£3,996 : £1,424).
The most frequently recorded purchases were for health food products (most

commonly cod-liver oil), analgesics and topical preparations.

Table 42 OTC drugs bought for knee-related care (6-month period).

Drug type , Units Cost (£)
Analgesics @ £15 89 1,602
Rubs / Gels @ £6.99 85 594
Health foods @£18 123 1,230
NSAIDs @ £15 38 570
Other @ N/K 6 N/K
TOTAL 341 3,996
Mean per person 0.45 5.25

3.3.5 Other costs

Other costs were collected retrospectively for a 12-month period. They refer to

total knee costs only. Summary details are presented in Table 43.
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Table 43 Other knee costs incurred over 12 months.

Support from social Number receiving Alternative health Number of

services support care sessions

n =641 n (%) n

Adaptive aids 15 (2.3) Osteopath / 7
Chiropractor

Meals on wheels 2(0.3) Homeopathy / 91
Aromatherapy

Home help 4 (0.6) Toning tables 192

Social security

Number claiming

payment allowance
n =641 N
Disability allowance 27 (4.2)
Mobility allowance 28 (4.4)
Attendance allowance 9(2.0)
Carers allowance 6 (0.9)
Incapacity allowance 22 (3.4)
Other 5(0.8)

3.3.6 Indirect costs

Of the 239 in paid employment, 18 (7.5%) reported having taken time off work
due to knee pain. In total 303 days (X = 17 days) of sick leave were reported.
The cost implications of time lost from work due to knee pain have been

included in the sensitivity analysis.

In an attempt to capture the disease morbidity associated with knee pain, the
need for informal care from friends and relatives was also documented (Table
44). Very few people paid for help with activities of daily living.

Nevertheless, considerable need was identified, particularly in relation to
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shopping, heavy domestic duties and bathing. Members of the immediate

family generally provided assistance with these activities.

Table 44 The need for assistance with activities of daily living (due partly or

fully to knee pain).

" Typeofactivity ~  Requireshelp  Receiveshelp  Sourceofhelp  Help paid
n =587 | | , (% of need met) Livein Live out
Shopping 97 93 (96) 62 30 8
Cooking 14 14 (100) 10 4 2
Light domestic duties 12 11 (92) 9 2 2
Heavy domestic duties 178 143 (80) 93 46 19
Bathing 93 34 (37) 31 2 0
Showering 15 13 (87) 11 1 0
Dressing 29 21 T2) 21 0 0
Getting in / out of bed 14 11 (79) 8 1 |
Walking 45 21 (47) 13 3 3
Getting in / out of a car 72 52.(72) 21 26 0

. —————— e e e
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3.3.7 Summary of total costs

Summaries of primary care costs, direct medical costs and societal costs for the

study cohort are tabulated (Table 45).

Table 45 Summary of primary care costs, direct medical costs and societal

costs (6-month and annual equivalent data, figures rounded to nearest whole

pound).
. Totalcosts(E) - Knee costs (£)

n=759 =75
PRIMARY CARE COSTS
Total 78,439 8,676 (11%)*
Mean (s.d.) 103 (36.2) 11 (25.6)
Median 64 0
ANNUAL EQUIVALENT
Total 156,878 17.352
Mean (s.d) 207 (272.3) 23 (51.2)
TOTAL MEDICAL COSTS
Total 191,697 13,961 (7%)*
Mean (s.d.) 253 (1,023.7) 18 (94.7)
Median 80 0
ANNUAL EQUIVALENT
Total 383,394 27,922
Mean (s.d) 505 (2,047.4) 37 (189.4)
SOCIETAL COSTS
Total 198,602 18,187 (9%)*
Mean (s.d.) 262 (1027.3) 24 (96.5)
Median 98 10
ANNUAL EQUIVALENT
Total 397.204 36,374
Mean (s.d) 523 (2,054.7) 48 (192.9)

* Figures in brackets represent knee costs as a % of the total cost for each category.
Estimated societal cost for UK population aged >45 years = £218 - £350 million (assuming

prevalence of 21-35%).
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3.3.8 Sensitivity analysis

Several assumptions underlie the economic analysis presented thus far. Their

possible impact was explored through sensitivity analysis (Table 46).

Firstly, the impact of those variables excluded from the formal analysis should
be noted. It was not possible to accurately document visits to the practice
nurse. However, data obtained from GP notes suggested that between 20-50%
of patients attended for a nurse visit during the study period. Data relating to
services provided by PAMs (physiotherapy, chiropody, psychiatry and dietary
advice) was equally limited. Nevertheless, the frequency data collected during
the trial provides an indication of the possible cost implications. These figures
should be treated with great caution as it was difficult to tell whether or not an
entire course of treatment had been prescribed, or a ‘one-off’ consultation.
Sensitivity analysis has been conducted assuming either extreme (i.e. each
physiotherapy session was a single session versus a block of 15 sessions)
(Netten and Dennett, 1996). Multi-way analysis including both nurse and
PAM consultations suggested that total direct medical costs would be increased
by between £1,487 (0.8%) and £6,522 (3.4%). The impact on knee costs was

between £67 (0.5%) and £963 (6.9%).

For this analysis, local hospital unit costs were applied. Units of resource use
were reported so that local values could be applied as necessary. However, it 1s

interesting to note that national figures taken from the CIPFA 1995/96 database
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suggest that total hospital costs could be up to 26% lower (£83,683) and knee
costs 22% lower (£4,110). The majority of this discrepancy arose from

differences in the cost of inpatient stays.

A tota] of 303 days were documented as being lost from work as a result of
knee related illness. These costs were excluded from the main economic
analysis but represent a substantial economic burden (based on GDP capita per
head of £45 per day).(Moffett et al. 1999). The inclusion of indirect costs
increased the societal cost of knee pain from £18,187 to £31,822 for the 6-

month study period.

Dispensing costs were not included in the main analysis as it is unclear from
previous studies whether such costs have been included or not. The impact of
including dispensing costs is outlined (Table 46). Additional resource
implications stem from the use of BNF prices for the costing of drugs. Prices
quoted in the BNF do not accurately reflect the cost of drugs to the dispensing
pharmacist. The Department of Health generally assumes that a discount of
approximately 11% has been negotiated with the drug companies (personal
communication). The combined effect of including dispensing costs, but
discounting the total drug cost by 11%, resulted in little overall change in the

estimated cost of prescribed drugs.

The possible impact of using subjects recruited into the subsequent RCT is
more difficult to quantify. Other investigators have explored the cost
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implications of studying elderly volunteers with osteoarthritis (Cronan et al.
1997b). These investigators found that non-volunteers were more likely to
have a comorbid condition (particularly cancer), but that the overall number of
health contacts for non-volunteers was lower than that for volunteers.
However, the average cost of each contact was greater for the non-volunteer
group. Overall, this resulted in roughly comparable total health costs between
the two groups and further sensitivity analysis was not therefore felt to be

necessary for the current data.

The identification of knee-specific costs was also problematic. For GP and
hospital consultations it was not always clear if knee-related issues had been
discussed. The previous analysis assumed that 20% of related costs (those for
which knee pain formed only part of the consultation or in which other arthritis
related locomotor conditions were involved) could be attributable to knee pain.
This figure was based on an examination of the reason for service-use
documented during data collection. Nevertheless, the figure was somewhat
arbitrary and could have impacted on estimates of the overall knee costs.
Results have therefore been presented assuming that O to 50% of the related

costs were attributable to knee pain.

Finally, gastrointestinal drugs contributed 41% (£6,847) to the total cost of
arthritis related drugs. This amount was almost entirely categorised as being
unrelated to the knce pain, as only 3 individuals reported taking GI medicines
as a result of their knee pain at a total cost of £317. It is conceivable that many
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more patients were prescribed GI drugs as a result of GI complication
stemming from the use of NSAIDs for the treatment of knee pain and knee
drug costs may therefore be underestimated. Sensitivity analysis assessed the
impact of re-categorising up to 50% of GI drugs as knee-related drug costs.
Multi-way analysis exploring the possible impact of both of these issues
suggests that direct medical costs for the knee could be reduced by £1,645 or

increased by £6,349.
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Table 46 Sensitivity analysis (figures in brackets represent change in costs).

Total cost Knee cost
Min. Max. Min. Max.
Inclusion of nurse visits @ £6  20% attended 50% attended N/A N/A
192,608 193,974
Total direct medical cost - -
(+911) (+2,277)
Inclusion of PAMs Per session Per block Per session Per block
192,273 195,942 14,028 14,924
Total direct medical costs
(+576) (+4,245) (+67) (+963)
Multi-way analysis 193,184 198,219 14,028 14,924
(Nurse + PAMS) (+1,487) (+6,522) (+67) (+963)
Definition of knee costs
(% of related costs included) o N 0% =%
12316 16,429
Total direct medical costs - -
(-1,645) (+2,468)
Definition of knee costs
(% of GI drugs included) M NiA 2% 0%
13,961 17,842
Total direct medical costs - -
(+0) (+3,881)
Multi-way analysis 12,316 20,310
N/A N/A
(definition of knee costs) (-1,645) (+6,349)
Dispensing costs included £0.00 £0.90 £0.00 £0.90
191,697 198,570 13,961 15,029
Total direct medical costs
(+0) (+6,873) (+0) (+1,068)
Drug tariff discount applied -11% 0% -11% 0%
185,437 191,697 13,226 13,961
Total direct medical costs
(-6,260) (+0) (-735) (+0)
Multi-way analysis 185,437 198,570 13,226 15,029
(drug costs) (-6,260) (+6,873) (-735) (+1,068)
Inclusion of indirect costs
z 303 d:
@£45 per day. N/A 303 days N/A ays
Societal costs - 212,237 - 31,822
(+13,635) (+13,635)

F
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3.3.9 Regression analysis

Total primary care costs were included as the dependent variable in a two-stage

model exploring the possible impact of a range of independent variables.

Factors included in the model were as follows:

Demographic characteristics:

Age, sex, BMI and recruiting practice.

Health status measures

Clinical diagnosis (OA/RA), self-reported comorbidity (comorbidity
absent or present), clinical signs [fibromyalgia, bilateral knee pain,
concurrent hip pain, concurrent back pain (absent or present)],

WOMAC knee pain, radiographic status (= Grade II or normal), anxiety

and depression.

Age, BMI, knee pain scores, anxiety and depression were entered as categorical
variables in order to aid interpretation. Age and knee pain were entered based
on quartile groupings. BMI was classified as underweight/normal, overweight
or obese. Anxiety and depression were entered as binary variables reflecting
the presence or absence of clinically meaningful cases (based on HAD scores
of >7) (Zigmond and Snaith, 1983). In all cases, the reference group was that

which would be cxpected to incur the lowest costs. Sufficient numbers (>100
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cases) were available for each of the groups. It was not possible to include
muscle strength scores in the final model because data relating to subjects
recruited from practice A were subject to a calibration error during the

collection of baseline readings.

Full criteria for developing the models are outlined in the statistical methods
section of this chapter. Two models were fitted, firstly a logistic regression
analysis. This compared the characteristics of individuals who incurred
primary care costs (n = 674) with those who did not (n = 85). Individuals who
incurred primary care costs were then entered into a further linear regression
model, which identified the factors most closely associated with high primary
care costs. In order to adjust for the highly skewed distribution of the dataset,
log transformation of the data was performed prior to inclusion in this model.

All necessary assumptions were then met.

3.3.9.1 Logistic regression

The final logistic regression model included 672 cases (87 were excluded due
to missing data). Three variables were found to be significant risk factors for
incurring primary care costs: comorbidity (OR = 12.7), WOMAC pain scores
of 210 (OR = 3.2) and HADS anxiety scores of 27 (OR = 2.3). Full details are
tabulated (Table 47). BMI and radiographic status were not included in the

final model (p = 0.4 and p = 0.3 respectively).
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Table 47 Results of logistic regression — risk factors for incurring primary care

COSL1S.

OR 95% C.1 Sig. (p)
Comorbidity 12.67 3.1,52.5 <0.001
WOMAC pain 210 3.18 1.3,7.4 0.007
Clincally relevant 2.26 1.3,4.0 0.005

anxiety (HAD 27)

3.3.9.2 Linear regression

In the linear regression model seven variables showed an association with
primary care costs (R* = 20%, adjusted R* = 19%). The most important factors
were a) WOMAC pain score of greater than or equal to 10; b) at least one
comorbid condition; ¢) self-reported back pain and d) clinically relevant

depression. All factors demonstrated a positive relationship.

Knee pain was an important factor in dictating primary care costs. By contrast,
radiographic evidence of structural change and BMI were not included in the
final model (p = 0.5 and p = 0.3 respectively). Nevertheless, it is possible that
structural change may better predict secondary care costs (particularly the need

for invasive procedures such as arthroscopy or knee replacement surgery).
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Table 48 Results of linear regression — primary care costs (6-month period)

B 2
cocthicient SE 95% C.1. for B P R
WOMAC pain =10 0.42 0.08 0.26, 0.59 <0.001 7.1%
Comorbidity 0.51 0.08 0.36, 0.67 <0.001 6.0%
Back pain 0.22 0.07 0.08, 0.35 0.002 2.2%
Clinical depression
0.002

(HAD >7) 0.28 0.09 0.11,0.45 1.6%
R/A 0.41 0.16 0.11,0.72 0.01 1.1 %
Practice B 0.16 0.07 0.03,0.30 0.02 0.8%
il 0.19 0.09 0.03, 0.36 0.02 0.7%
Female 0.15 0.07 -0.29, -0.01 0.03 0.7%

]
Residual s.d. = 1.01
Total R? for model = 20.3%
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3.4 Discussion

3.4.1 Main findings

The cost of knee pain has been assessed in this cost-of-illness study. It
provides UK data in relation to both the total costs incurred by patients with
knee pain and knee-specific costs. This study is unique in that previous data
have come largely from the USA and have looked at the cost of arthritis in
general. Knee costs were found to be modest (X = £37 per annum for health
service costs, X = £48 for societal costs). Knee costs represented
approximately 10% of the total medical costs in the study sample. As is
common with cost data, results were highly skewed and a small percentage of
the population incurred extremely high costs. One individual incurred costs of
over £25,000 for the 6-month study period. Nevertheless, a large number of
those examined incurred no cost at all. Despite the relatively modest knee
costs, the high prevalence of knee pain in the community ensures a substantial
economic burden. Assuming a prevalence rate of between 21% and 32% for
this population, the estimated total cost of knee pain in the UK for people aged
45 years and over at 1996 prices would be between £218 million and £350

million (excluding indirect costs).

The importance of secondary care and prescribed drug costs in dictating health-
related costs for OA has been reported elsewhere (Lanes et al. 1997). The
current study confirmed the importance of these aspects of care. In this

population, drug costs were substantial, and were incurred by almost all
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individuals (84%). By contrast, secondary care costs were incurred by few

(29%), but were generally at very high cost.

Of the prescribed drugs identified, slow release NSAIDs and GI drugs were
commonly prescribed. These were very expensive; the total cost of these two
categories alone accounted for 78% of the total arthritis related drugs bill.
Recent guidelines recommend the first-line treatment for the management of
knee OA as being simple analgesics e.g. paracetamol and topical preparations,
coupled with simple advice on weight loss and exercise therapy (ACR
subcommittee on osteoarthritis guidelines, 2000; Pendleton et al. 2000).
NSAIDs are reserved as second-line treatments because of their known
association with GI complications, particularly amongst elderly patients. It is
also of note that very few of the study population received formal
physiotherapy for their knee pain or advice on exercise therapy. However, it 1s
possible that simple advice by the GP may have been given but not recorded in

the GP notes.

Personal costs included in the study were relatively high, particularly for the
purchase of OTC preparations: most notably health food products. As is
common with many chronic conditions, alternative means of coping with the

condition are an important source of perceived patient need (Woolf and

Doherty, 2000).
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Given that the majority of those recruited to the study were either retired or

unemployed, it was anticipated that the indirect cost of lost productivity would
be relatively modest. However, indirect costs were considerable (£13,635) and
increased the estimated knee related costs by 70%. The importance of indirect
costs for individuals with osteoarthritis has been identified previously (Gabriel

et al. 1997b; Gabriel et al. 1995; Badley, 1995b).

Finally, the intangible costs associated with knee pain should not be ignored.
Considerable disability and the need for informal care were identified. These
aspects of the condition are extremely difficult to cost in a meaningful way, but

impact on the daily lives of virtually all sufferers.

3.4.1.1 Regression analysis

Despite relatively high secondary care costs, the predominance of high cost but
low frequency events meant that further analysis was limited. Regression
analysis therefore concentrated on an exploration of the factors associated with

high primary care costs.

Logistic regression analysis compared individuals who incurred primary care
costs with those who did not and identified comorbidity, knee pain and anxiety
as being significant risk factors for incurring medical costs. Interestingly, age,

BMI and radiographic evidence of change were not significant factors in the

model.
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Similar results were observed with the second model (linear regression), which
examined factors relevant to the magnitude of primary care costs. This model
was able to explain 20% of the observed variance. The importance of pain
intensity and comorbidity were confirmed, as was psychological distress
(depression). Pain severity has been reported by other investigators as being
important in dictating primary care costs (Andersson et al. 1999; Gabriel et al.
1997b), as has depression (Andersson et al. 1999). Once again, obesity and
radiographic status were not significant factors within the model. The
importance of pain rather than radiographic status in explaining primary care
costs, supports the importance of studying symptoms (knee pain) rather than

clinical signs (radiographic change).

3.4.2 Comparison with other studies

Costs reported in this study are generally low in comparison with other cost-of-
illness studies for OA. However, direct comparison is difficult due to the
varied methodologies used. A summary of studies that have examined costs

specific to OA is presented Table 49.
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Table 49 Summary of previous cost-of-illness studies for OA. (Costs reported in 1996 £ sterling equivalent values).

Source

Costs examined

Method of data collection

S;ibjects

Main ﬁndings‘

Comment | |

Lanes et al. (1997)

USA

Direct medical costs
relating to arthritis only
(incl. side-effects of
arthritis drugs).

Included:

Consultations, screening
and treatment procedures,
medications, surgery,
emergency room visits.

Individual utilisation data
obtained from the Fallon
Community Health Plan.

Duration: lyear.

Age 2 30 yrs with
confirmed diagnosis of
OA and > | health
contact in previous year
for OA.

n=10,101.

8,1‘28‘(\8‘1 %) feceived care
for OA during study.

Av. cost: £408 per year.

2° care = 46%.

Medication = 32%

3.3 visits per person (incl. 1.2
visits to physical therapist.

High service utilisation but
very select population
(deliberately targeting high
Service users).

Distribution of costs
between 2° care,
medication and 1° care,
similar to current study.
Greater use of physical
therapy observed (may be
USA v UK).

Gabriel et al. (1995)

USA

Direct medical, indirect
medical and non-medical
— total costs (not OA
specific).

Costing year not specified
(assumed to be 1987).

Individual utilisation data
from Rochester Epidemiology
Project, Olmsted County
Health Care Utilisation and
Expenditure Database + postal
survey.

Duration: 1 year.

Aged 235 yrs, with a
diagnosis of OA
between 1975-87.

n =7,889.

Controls: residents aged
235 yrs without
diagnosis of OA.
n=25,893.

Postal survey = random
sample of 200 from each
cohort.

OA: 84% received medical
care during 1987.

Controls: 82% received care.
Av. cost: £2,362, £1,840
respectively.

Postal response rate = 50%.
Indirect & non-medical costs:
£110,517, £88,675
respectively.

Excl. wage losses: £326, £66
respectively.

Specification of costs
included unclear.

Not able to isolate medical
costs specific to OA — total
costs only.

Gabriel et al. (1997a)

USA

Direct medical costs.

Compared OA, RA and
controls with no arthritis
(NA).

Individual utilisation data
from Rochester Epidemiology
Project, Olmsted County
Health Care Utilisation and
Expenditure Database.

Logistic regression used for
comparison of groups.

Diagnosed 1975-87,

aged 235 yrs.
OA:n=6,742
RA: n =397
NA: n = 25,904

Av. direct medical cost:

OA: £3,068

RA: £4,395

NA: £1,605

OA patients sig. greater costs
than NA in arthritis related
care, but also virtually all
other body systems.

Same cohort as 1995 paper

Incremental costs specific
to OA identified through
comparison of population
based cohorts.
Identification of individual
costs specific to OA not
possible.
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Table 49 (continued)

Source

Costs examined

Method of data collection

Subjects

Main findings

| Coinment'

Gabriel et al. (1997b)

USA

Indirect and non-medical
costs

Included:

Use of non-medical
practitioners, travel, home
health care, medical
equipment, days off work,

change in occupation due
to ill health

Postal survey.
Random sample of above
population (200 per group).

Logistic regression modelling

Response rate:
OA: 116

RA: 123

NA: 94

% incurring these costs:
OA: 39%

RA: 66%

NA: 17%

Predictors of costs:
Functinal status, pain and
presence of arthritis

Poor response rate

Liang et al. (1984)

USA

Direct and indirect cost of
OA care

1979 US$

Direct costs:

Medication, outpatient
visits, inpatients stays,
surgery, rehab, assistive
devices, domestic help.
Indirect costs:

Days of restricted act’y,
days confined to bed, days
off work

Random sample of patients
registered at Boston Multi-
purpose Arthritis Centre who
had visited = once in last 5 yrs
for arthritis care

Included OA and RA patients

303 contacted, 184
volunteered

148 returned at least 1
diary (49 of which were
OA patients)

[solation of OA costs not
possible as all data reported
as aggregate (OA and RA
combined)

Prospectively collected
diary data, but led to
methodological problems
and small OA sample size

Complete data for whole yr
not possible, costs

presented per month

Highly selected population

Kramer et al. (1983)

USA

Limited to physician
visits, hospitalisation and
restricted activity days

National Health Interview
Survey 1976

RA: 258
OA: 152

Inclusion criteria:
Specific diagnosis of
OA or RA

For OA patients:
Av. visits to GP = 3.5/yr

32% had been hopsitalised at
some time.

17% had had surgery.

39% reported limited in
activities of daily living.

Community sample but
still reliant on physician
diagnosis

Limited sample and costs

examined

No attempt made to cost
these items
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The relatively low costs observed in the current study could be for several
reasons. Firstly, the dataset relates to the UK system of health-care. To date,
studies examining the cost implications of arthritis have come largely from the
USA. Given the very different system of health care provision in the USA, it is
important to collect UK data around which policy decisions can be made. A
study by Drummond et al. (1995) identified this need when they demonstrated
that the cost-effectiveness of using different NSAIDs varied according to the
country in which treatment was provided. This difference was largely
explained by differences in the cost of laboratory tests and hospitalisation.
Given that almost 40% of the direct medical cost associated with the treatment
of knee pain was for hospital care, findings could vary considerably between

countries.

Clearly another major difference in identifying knee pain costs is the nature of
the study population. Previous studies have considered OA costs (all joints)
rather than knee-specific costs, have included only those cases with a previous
diagnosis of OA (rather than self-reported knee pain) and frequently required
evidence of recent health resource use prior to entry (Lanes et al. 1997; Liang
et al. 1984). Whilst studies of this kind are informative, they do not estimate
the true burden of symptomatic OA (both diagnosed and undiagnosed) in the
community. It is also possible that knee-related costs are genuinely modest in
comparison with other joints of involvement. Back pain, for example, is
associated with considerable morbidity and 1s common in younger males.
Indircct costs alone represent a considerable societal burden. It has been
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suggested that indirect costs may account for 93% of the total cost of back pain

(van Tulder et al. 1995).

Patients who had had a total knee replacement (TKR) at baseline were
excluded from this study. This may have resulted in an underestimation of the
true cost of knee OA. Nevertheless, the degree of such bias is likely to be
small given the current under-utilisation of knee replacement surgery in this
country. Rates are reported as being 0.5-0.7 per 1000 in those aged over 65
years. By contrast, TKR is far more common in the USA where rates of >2 per

1000 have been reported (Dieppe et al. 1999).

Finally, the type of costs considered and the method of applying unit costs vary
from study to study. The importance of examining unit resource use rather
than average figures for individual procedures was emphasised in this study.
Within this population, 3 patients received arthroscopies during the 6-month
period of study. Of these patients, 2 incurred costs of £800 each (one for a
bilateral operation) and one incurred £2,000. The average cost of an
arthroscopy as quoted by the local hospital was £480. Clearly these patients
revealed wide variation in actual resource use and were more likely to

experience complications resulting in higher medical costs.
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3.4.3 Strengths and weaknesses of the study

A major strength of this study was the fact that data were collected
prospectively through an examination of GP records. This process was
extremely time-consuming but provided unique resource use data for the
sample population. In this way estimates were relatively free of recall bias and

the impact of study attrition.

Nevertheless, a fundamental concern relating to the study stems from the fact
that data were collected within the structure of a randomised controlled trial
(RCT). This meant that the study population consisted of volunteers with self-
reported knee pain who were enrolled in a 2-year RCT. As a result, the
characteristics of this population may well be different from the wider knee
pain population and may have reduced the external validity of our findings.
Unfortunately, lack of time and resources meant that an examination of the GP
notes of non-volunteers was not possible. Previous authors have suggested that
non-volunteers may differ from volunteers in that they have fewer overall
health-related contacts, but that those contacts that do occur tend to be at a
higher cost. In addition, non-volunteers are more likely than volunteers to
suffer from serious life-threatening conditions such as cancer (Cronan et al.

1997b).

The method of data collection used by this study also meant that the sample

size was considerably smaller than is possible from wide-scale population
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surveys (Kramer et al. 1983) or from the examination of well-maintained
computerised records (Lanes et al. 1997; Gabriel et al. 1997a). Given the
variability of economic data, it is possible that a fully representative sample
was not achieved and that very different cost estimates may be obtained from a

larger sample population.

The difficulty of ascribing knee-related costs from an examination of medical
notes was also problematic. Value judgements were sometimes required and
the extent to which the data reflects the true cost of knee pain may be subject to
bias. Nevertheless, this represents an ambitious attempt to identify the direct
medical costs specific to an individual joint of involvement and the impact of

classification errors of this type was explored through sensitivity analysis.

It may be possible that the use of patient questionnaires would have alleviated
some of the difficulties of identifying knee-specific costs. However, patients
may find it equally difficult to isolate costs relevant to a single joint of
involvement in the presence of generalised OA. It is possible that reliance on
patient derived data may therefore have introduced greater variability than the
methods used (whereby value judgements were limited to 2 individuals). In
addition, patient questionnaires pose their own difficulties, most notably the
quantification of recall bias (particularly amongst elderly populations) and the

need for excessive complexity and length.
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Finally, whilst the regression analysis conducted as part of this study provides
an interesting insight into some of the factors relating to high medical costs in
these patients, it should be recognised that any model is limited by the factors
included therein. This study sought to explore factors of a-priori interest and
was not intended to be an exhaustive investigation of all relevant factors. It is
possible that other factors may be more important in dictating overall costs,
such as social class, coping style or the belief in the efficacy of conventional

medicine in treating knee pain (Dieppe et al. 1999).
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CHAPTER 4: ECONOMIC EVALUATION OF TRIAL INTERVENTIONS

4 Economic Evaluation of trial interventions

4.1 Aims and objectives

This economic analysis was conducted alongside the main RCT (reported in
Chapter 2). It 1s unique in that it provides prospectively collected resource use

data over a period of two years. It had two primary objectives:

1. To perform a cost-effectiveness analysis based on outcome measures

obtained from the intervention study.

2. To perform a cost-utility analysis in which outcomes were measured in

Quality-Adjusted Life-Years.
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4.2 Method

4.2.1 Study perspective

Analysis was conducted alongside the RCT to assess whether the provision of a
community-based exercise programme was cost-effective in relieving the
symptoms and disability of knee pain. Exercise therapy was compared with
telephone support, a placebo health food product and no intervention. The
study adopted a societal perspective; costs and benefits were examined for both

the health care provider and for individuals suffering from knee pain.

4.2.2 Subjects

Subjects for the economic evaluation were taken from the intervention trial and
had self-reported knee pain at baseline. Randomisation was successful and no
significant differences were observed between the groups at baseline in

demographic or key outcome measures (Table 16).

4.2.3 Materials

Frequency data for resource use were collected through an examination of GP
case notes and from patient questionnaires over the 2-year intervention period

and for 6 months prior to randomisation (Figure 17).
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Figure 17 Summary of data collection.
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Data abstraction from GP case notes was performed blind to treatment group
and informed consent was obtained from patients prior to the accessing of

notes.

Effectiveness data were based on self-completion questionnaires and were
collected during assessments at six-monthly intervals throughout the trial (see
Chapter 2). Units of effectiveness for the economic analysis were based on
WOMAC pain scores achieved at 24 months. In order to provide clinically
meaningful cost-effectiveness ratios, pain scores were also presented using the
number needed to treat statistic (NNT) (Cook and Sackett, 1995; Laupacis et al.

1988).

Utility measures for the cost-utility analysis were obtained using the EuroQol
EQ-5D (EuroQol Group, 1990). Scores were calculated using Tariff Al as
supplied by the EuroQol group (Table 50). This tariff is based on the time
trade-off (TTO) method of valuing health states. Quality-adjusted life-years
(QALYs) were calculated by multiplying the resulting utility scores by the
number of life years remaining for each subject (using survival data from
interim life tables produced by Trent Regional Health Authority for the years

1993-95).
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Table 50 Calculation of EQ-5D utility scores.

EuroQol dimension Level 2 Level 3
Mobility 0.069 0.314

Self-care 0.104 0.214

Usual activity 0.036 0.094

Pain / discomfort 0.123 0.386

Anxiety / depression 0.071 0.236

Full health = 1 Constant for any Any dimension scoring 3:

dysfunctional state: subtract 0.269

subtract 0.081

R

Example: health state 1 1223

Utility score:
1(full health) - 0.081(constant) - 0.036 (usual activity) - 0.123 (pain) - 0.236 (anxiety) -0.269
(constant for level 3) = 0.255

4.2.4 Costs included in the cost analysis

Three main categories of costs were included in the economic analysis:
1. Direct treatment costs — costs incurred by the treatment programmes.

2. Medical costs — secondary and primary care.
3. Costs to patients / family — costs associated with accessing health services

(e.g. travel costs, prescriptions and OTC drugs)

Other costs (e.g. personal costs of treatment provision and indirect costs) were

examined in a qualitative manner.
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4.2.5 Definition of costs

All costs are reported in £ sterling at 1996 prices.

4.2.5.1 Direct cost of treatment provision

Treatment costs were based on frequency data collected during the trial and
excluded research costs. This was a pragmatic study, the aim of which was to
deliver realistic treatment programmes with a minimum of input from health

professionals.

Treatment sessions were approximately 45 minutes (including travel time) for
the exercise groups and 2 minutes per call (8 minutes for 1% calls) for the
telephone support groups. Exercise participants were given an instruction
booklet and a rubber exercise band (Cliniband™). Depending on subsequent
muscle strength readings, stronger bands were issued at later visits and

damaged bands were replaced.

Exercisers were visited in their own homes and received 7 visits over the two-
year period (4 times in the first two months and then once at 6, 12 and 18
months). Subjects in the social support group received monthly calls
throughout the two-year period. Allowance was made for the consequences of
study attrition in subsequent analysis (actual exercise visits, X = 5.4; telephone

calls, x = 15.2).
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Overheads were included in the hourly labour rate to produce a total hourly rate
(including salary, salary on-costs, indirect overheads and capital overheads)
(Netten and Dennett, 1996). This resulted in an under-representation of
overheads for the telephone support programme since limited client-contact
time was involved per person. Nevertheless, the degree of bias was small and
should have been compensated for by the fact that telephone calls (normally
included in overheads) were costed separately for the telephone intervention.
For ease of comparison, personnel time for both exercise therapy and telephone
support were based on physiotherapist pay-scales. Alternative costs (based on

different personnel pay scales) were considered in sensitivity analysis.

For the purposes of this study, labour costs were classified as variable costs.
This meant that the marginal cost of treating one additional patient was
represented by the ongoing treatment cost per person (i.e. total cost minus start-
up cost). Start-up costs were low for all treatment groups and would be
reduced substantially further should a standard exercise programme be
developed and disseminated nationwide. Costs incurred in the second year of
the intervention programme were discounted by 5% in order to aid comparison
with other studies. The impact of applying alternative discount rates (0% to

10%) was explored in sensitivity analysis.

The cost of delivering the placebo health food product was assumed to be its

purchase price only. since its inclusion was for research purposes.
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4.2.5.2 Personal costs of treatment provision

Personal costs to the individual (loss of leisure time and adverse side effects of
the exercise programme) were collected through patient questionnaires and
have been documented in a qualitative manner. It was not felt appropriate to

attach a monetary figure to these aspects of the programme.

4.2.5.3 Medical costs

The impact of study treatments on the degree to which subjects accessed
medical services was explored through an examination of patients’ GP notes.
The protocol for the examination of notes has already been reported

(Chapter 3).

4.2.5.4 Personal medical costs

Personal costs incurred by patients resulting from the need to access medical

services were documented. Three types of costs were examined:

1) prescription charges; ii) over-the-counter (OTC) drugs and 111) travel costs

incurred whilst travelling to and from the health provider. Further discussion

of these costs can be found in Chapter 3.

4.2.5.5 Indirect Costs

Costs associated with lost productivity were not of direct financial relevance to
the current study because only 2% of the study population had taken time off

work duc to kncce pain at baseline. Given the small numbers involved. any
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possible change in work capacity would have been negligible. Nevertheless,

change in work status has been described in a qualitative manner.

4.2.6 Unit costs

Unit cost and frequency of resource use are documented in Table 51 and

Table 56 of the results section. Alternative costs may be applied as required.

4.27 Data management
4.2.7.1 General data management

All data were entered onto a customised database (Microsoft® Access 97) and
unit costs were applied in SPSS for Windows version 8.0 (SPSS Inc., Chicago,
IL). Costs for each 6-month period were calculated separately, resulting in five

individual cost periods as follows.

Baseline costs: -6 months to 0 months
Period 1 costs: 0 months to 6 months
Period 2 costs: 6 months to 12 months
Period 3 costs: 12 months to 18 months
Period 4 costs: 18 months to 24 months

Data relating to the first 18 months were collected by two researchers alongside
the intervention study. Due to time and financial constraints, data relating to
the final 12-month period were collected as part of a separately funded project
by 3 different researchers. In order to ensure consistent results, training was

provided along with regular monitoring sessions. Any bias that may have been
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introduced by this process would have been equally distributed between the

treatment groups.

4.2.7.2 Total costs versus change in costs

Costs included in the economic analysis represent total costs over the 2-year
intervention period. Total costs were chosen rather than change in costs for
two main reasons:

a) It allowed the inclusion of all study data. Baseline costs were collected for
a 6-month period only and change in cost calculations would therefore have
been possible for two periods of six months only (period 2 and period 5).

b) Total costs are potentially more informative to health policy decision-

makers.

4.2.7.3 Handling of missing values

The identification of medical resource use was not influenced by study attrition
as details were collected through an examination of GP notes. However, data
for the final 12-month period were unavailable for 101 (13%) individuals
because either informed consent was not obtained in order to re-examine case
notes, or the patients’ notes were no longer available. Missing values for these
individuals were carried forward from the previous period corresponding to the
samc time of year (Rutten-van Molken et al. 1995; Rutten-van Molken et al.
1994). This meant that data for period 4 were obtained by carrying forward

values from period 2. Likewisc, data for period 5 were taken from period 3.
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Individuals without data for the final 12-month period were evenly distributed
between the treatment groups and should not have impacted on subsequent

between group comparisons.

4.2.7.4 Handling of uncertainty

Sensitivity analysis has been used to examine the implications of uncertainty
surrounding frequency of resource use, unit costs and patient outcomes (Briggs
and Sculper, 1995). In addition, confidence intervals provide an indication of
the variability of patient-specific data for both costs and benefits. Confidence
intervals have been reported using standard parametric tests. This was felt to
be appropriate as recent authors have suggested that simple parametric
techniques are more robust in handling skewed cost data than had previously
been recognised (Thompson and Barber, 2000; Lord et al. 1999).
Nevertheless, results were confirmed using non-parametric bootstrapping

techniques for the final incremental cost-effectiveness analysis.

4.2.8 Statistical analysis

A significance level of 5% was employed throughout the study and confidence
intervals were reported at the 95% level. An indication of clinical significance
was addressed by using the NNT statistic as the measure of treatment efficacy
(Cook and Sackett, 1995; Laupacis et al. 1988). The NNT represents the

number of paticnts who need to be treated in order to achieve a > 50%
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improvement in self-reported knee pain at 24 months. For patient-specific

outcome data, the change in WOMAC pain score was used.

4.2.8.1 Power

As 1s common with studies of this type, power calculations were performed
using the primary outcome measure for the intervention study (reported in
Chapter 2). However, cost data provide unique difficulties for statistical
analysis, being highly variable, usually demonstrating a skewed distribution
and having a large number of individuals with zero cost. Retrospective power
calculations based on direct medical costs observed at 12 months suggested
that the current study had only 34% power to detect an effect size of 0.12 in
primary care costs (26% power for total medical costs) (nQuery Advisor 3.0).
Whilst conclusions relating to the economic evaluation of this trial should be
made with caution in the light of this low power (Briggs, 2000), these data
represent an ambitious attempt to document the economic impact of exercise

therapy.

As the study had insufficient power to detect between group cost differences,
the presentation of data for individual costs (direct intervention costs, medical
costs and personal costs) was limited to descriptive statistics. Analysis of
between group differences was presented for the combined cost and outcome
data (ICERs) using non-parametric bootstr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>