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Purpose: To review treatments for osteoarthritis of the knee (OAK) received by patients 

across five European countries, and to obtain patients’ perceptions and willingness to pay for 

current treatments.

Patients and methods: A prospective, internet-based, double-blind survey of adults with 

OAK was conducted in France, Germany, Italy, Spain, and the United Kingdom. The question-

naire included questions about diagnosis, treatment history, and perceptions of OAK treatments, 

followed by a discrete choice-based conjoint exercise to identify preferred attributes of OAK 

treatments, evaluating 14 sets of four unbranded products.

Results: Two thousand and seventy-three patients with self-reported OAK completed the survey; 

17.4% of patients rated their knee pain as drastically affecting their ability to perform normal 

daily activities, and 39.3% of employed patients reported that they had lost work time because 

of OAK. The most common treatments were exercise (69.7%), physical therapy (68.2%), and 

nonprescription oral pain medication (73.9%). Treatments perceived as most effective were: 

viscosupplement injections (74.1%), narcotics (67.8%), and steroid injection (67.6%). Patient 

co-pay, duration of pain relief, and type of therapy exhibited the largest impact on patient prefer-

ence for OAK treatments. The average patient was willing to pay €35 and €64 more in co-pay 

for steroid and viscosupplement injections, respectively, over the cost of oral over-the-counter 

painkillers (per treatment course, per knee) (each P,0.05).

Conclusion: OAK is a debilitating condition that affects normal daily activities. In general, 

treatments most commonly offered to patients are not those perceived as being the most effec-

tive. Patients are willing to pay a premium for treatments that they perceive as being more 

effective and result in longer-lasting pain relief, and those that can be administered with fewer 

visits to a physician.
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Introduction
Osteoarthritis of the knee (OAK) is the most common form of arthritis and is a 

debilitating condition that is common in Europe.1,2 The condition is multifactorial, with 

biochemical, mechanical, and behavioral components.1 Prevalence varies globally; 

symptomatic OAK in Europe has a reported prevalence of 5.2% in France, 5.4% in 

Italy, 10.2% in the UK, and 10.2% in Spain.3–6 Age and sex are important risk factors 

for OAK, with higher prevalence reported in female and elderly populations.7–11 Body 

mass index is another important risk factor for OAK, with risk increasing exponentially 

with body mass index.12

OAK has a negative impact upon quality of life, and this impact increases with 

disease progression.13 Previous studies have reported various detrimental effects of 

OAK upon daily functionality, including pain, and impairments in physical functioning 

and physical role.14–16 In addition to simply seeking clinical benefit for an individual 
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chronic condition, a number of factors influence OAK 

treatment choices for patients, including management of 

comorbidities, risks and benefits of new treatments, knowl-

edge of their condition, and knowledge of other patients in 

similar positions.17–20 A recent study showed that treatments 

such as total knee arthroplasty can lead to dissatisfaction in 

approximately one-half of patients as a result of ongoing 

pain, and this dissatisfaction can persist for over a decade 

after treatment.21 Similarly, a study measuring willingness 

to pay for pain relief from disability-related pain found that 

patients were more willing to pay for relief from their pain 

than for functional improvements; the amount that patients 

were willing to pay per month was US$1,428.22 Studies such 

as these demonstrate that it is important to ensure patients 

with OAK have access to effective treatments that confer 

maximal effectiveness and satisfaction.23

In the current study, adult patients with self-reported OAK 

in France, Germany, Italy, Spain, and the UK were invited 

to take part in an internet-based survey. The study aimed 

to elucidate how living with OAK affects patient quality of 

life, current OAK treatment patterns, patient perceptions of 

treatment effectiveness, and patients’ willingness to pay for 

specific attributes of these treatments. Treatments ranging 

from physical therapy to injection (steroid or viscosupple-

ment [VS]) were evaluated. A separate choice-based conjoint 

analysis was designed to estimate relative willingness to 

pay for different attributes of each treatment, and determine 

which of these attributes are considered most important by 

the patient.

Methods
Survey design
Study sample
A prospective, internet-based, double-blind survey recruited 

adult participants with self-reported OAK in one or both 

knees. Previous studies have shown that self-reported 

physician-level diagnoses of osteoarthritis (OA) are reliable, 

with a concordance of 86.9% with primary-care records.24,25 

Initially, 55,007 participants in France, Germany, Italy, Spain, 

and the UK were recruited through established consumer 

market research panels in each country, which ensured that 

the identity of the study sponsor and the identities of the par-

ticipants were unknown to one another (ie, double-blinded). 

The number of respondents was determined according to the 

number of parameters/attributes used in the conjoint analysis, 

as well as the number of choice-based questions contained 

in the survey that could be asked of each respondent before 

observing a decline in data quality. A sample of 400 patient 

respondents was deemed sufficient in each country (analytic 

domain) to provide acceptable standard errors of conjoint 

part-worth utilities with 14 choice sets per respondent. Study 

panels were created from opt-ins by patients across a wide 

variety of channels designed to maximize representativeness 

of the panels to the general public.

The patient self-reported online survey included ques-

tions on patient demographics, diagnosis, treatment history, 

attitudes, and perceptions of OAK treatments. The survey 

validation instrument comprised six in-person paper and 

pencil “pretests”. These pretests were administered to quali-

fying patients to ensure that the wording of all questions and 

answer choices was interpreted as intended, and were not 

included in the analysis. During the six in-person patient 

pretests, no difficulty in understanding phrasing, question 

formats, or survey stimuli was reported. Survey questions 

were coauthored by Reason Research (Philadelphia, PA, 

USA) and Genzyme Corporation, a Sanofi Biosurgery 

(Cambridge, UK) company, and underwent compliance 

review in accordance with Sanofi’s compliance system for 

market research; questions were reviewed for accuracy of 

medical terminology and overall clarity of phrasing. All 

respondents agreed to standard opt-in terms and conditions 

required for such a study. Furthermore, the study involved 

simply asking for a history of treatments used and future 

treatment preferences, rather than administering treatment. 

Given these factors, the need for further research ethics 

approval was not considered necessary.

Several treatments were included in the survey: exercise, 

physical therapy, acupuncture, magnetic pulse therapy, 

topical creams/liniments/patches, glucosamine/chondroitin 

sulfate, oral pain medication available without a prescription, 

cyclooxygenase (COX)-2 inhibitors (oral medications that 

require a prescription), narcotics (oral medications requiring a 

prescription), steroid injection, VS injection, arthroscopic knee 

surgery, and other treatment. The definition of current treat-

ments included treatments that the respondent was receiving at 

the time of the survey or had received recently (patients may 

have been receiving more than one type of treatment concur-

rently). A 14-question conjoint exercise was embedded within 

the survey. The online survey took 45 minutes to complete, 

with the results being gathered electronically and tabulated in 

SPSS v 21 (IBM Corporation, Armonk, NY, USA).

Participants of $40 years of age with self-reported OAK 

in one or both knees were included in the study. Participants 

were required to be able to select the specialty of their treating 

physician from an aided list. Participants also had to meet 

a minimum household income requirement, representing 
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local poverty definitions adjusted for size of household. This 

restriction was included to avoid the anticipated dilution of 

the measure of willingness to pay due to economic limita-

tions; it was estimated that unreimbursed patient co-payments 

could add up to £500/€350 for a single course of treatment 

on one knee (not including the office visit co-pay). In France, 

the minimum annual household income required ranged from 

€9,640 for a single-person household to €14,460 for a house-

hold of three or more persons. The corresponding minimums 

in Germany ranged from €9,910 to €20,820; in Spain from 

€7,530 to €15,820; in Italy from €7,140 to €19,400; and in 

the UK from £6,450 to £15,600 (mean exchange rate during 

data collection [November 2012] was 1.23 GBP/EUR). There 

were two exclusion criteria: participants who had undergone 

knee-replacement surgery in one or both knees (or who were 

planning to undergo surgery in the 12 months following 

participation in the survey), and participants associated with 

a market research company, pharmaceutical company, drug 

manufacturer, advertising agency, newspaper, magazine, TV 

or radio station, or any other news organization.

Patient responses were gathered online from December 

2012 to January 2013 through self-administered online ques-

tionnaires in the respondent’s national language. Participation 

was voluntary, and reasonable compensation was offered in 

the form of monetary and/or virtual currency, as per stan-

dard industry practice. Questionnaires were translated by 

Reason Research, and verified for accuracy by Sanofi. Prior 

to analysis, data were examined and cleaned of respondents 

with suspicious answer patterns. For example, 51 (0.1%) 

of 55,007 patients who claimed to have all eleven of the 

medical conditions listed in the comorbidity question were 

discarded. An additional data-cleaning step was conducted 

to remove data collected from respondents who completed 

the survey in too short a time or who displayed no variation 

in answers to 20 distinct seven-point rating scale questions 

(“straight-lining”).

Study questionnaire
The questionnaire was divided into four sections: 1) patient 

demographics and familiarity with OAK treatments; 

2) respondent-reported pain rating on a scale of 1–10, and 

the impact of their OAK according to the Activities of 

Daily Living Questionnaire;26,27 3) patient-reported rating 

of effectiveness and satisfaction of current treatments; and 

4) choice-based questions. Questions related to employment 

status, disposable income, and insurance coverage were also 

included to provide context for co-pay sensitivity analysis 

derived in the conjoint analysis.

Conjoint model analysis
Model design
A choice-based conjoint model was designed to understand 

the impact of various attributes on OAK product choice, and 

to determine which attributes of OAK treatments are most 

highly valued by patients. The questions were created using 

experimental design principles of independence and balance 

of the features (fractional factorial design). By independently 

varying the features shown to respondents, and observing the 

responses to the product profiles, the analysis statistically 

deduced which attribute levels have the greatest impact upon 

patient choice.

Various product package inserts and proprietary data held 

by Sanofi were used to design the attributes and levels used 

in modeling.28 Prevailing co-payments for steroid/cortisone 

injections and various brands of VS injection treatments 

were carefully reviewed in each country to identify the most 

common dosing regimens, benefit outcomes, adverse events, 

and range of co-pays associated with oral and injection treat-

ments. The range of levels of each efficacy attribute was 

designed to span the relevant range of clinical outcomes. 

The range of out-of-pocket co-payments made by patients 

spanned the economically relevant range for each type of 

treatment.

The dependent variable was discrete treatment choice (the 

selection in the bottom row of Table 1), a common practice 

in conducting surveys;29 the explanatory variables were the 

product attributes. Conjoint modeling provided rescaled 

zero-centered part-worths (ie, utilities) for each attribute 

level, which were then analyzed to understand the drivers 

of treatment choice. Within each attribute, these estimated 

utilities were scaled to sum to 0, so that less acceptable 

attribute levels received lower utilities (including negative 

and zero values). Utilities were interval-scaled rather than 

ratio-scaled. Changes in utility were calculated by assessing 

the impact of product attributes and attribute levels upon 

patient preferences using Sawtooth Software’s CBC v 6.0 

(Orem, UT, USA).

Fourteen sets of four unbranded products were evalu-

ated during the internet survey, resulting in 14 observations 

of the dependent variable (product choice) for each patient. 

Selecting 14 sets of unbranded products maximized the effi-

ciency of the survey design and served to minimize expected 

standard errors. Similarly, the principle of orthogonality 

(or independence of attributes) was applied, maximizing 

design-efficiency and minimizing expected standard errors of 

part-worths (each under 0.05). All oral and injection products 

were blinded; product characteristics were shown to patients, 
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Table 1 Example of respondent exercise screen: “Which of the following treatments would be your most preferred for your 
Osteoarthritis of the Knee? Select one”

Treatment characteristic Treatment A Treatment B Treatment C Treatment D

Type An injection (or series 
of injections) of a 
viscosupplement

Oral medication that 
requires a prescription 
from your doctor

Oral pain medications 
that you can buy 
without a prescription

An injection of 
steroid or  
cortisone

Frequency of dosing 1 injection (in a single 
office visit)

Oral tablet, 3–4 times 
per day (as needed)

Oral tablet, 3–4 times 
per day (as needed)

1 injection (in a 
single office visit)

Time to wait for  
pain relief to start

Pain relief may start 
within 1 week after the 
first injection, reaching its 
maximum within 4 weeks

Within 3 hours Within 3 hours Within 3 hours

Magnitude of pain relief Reduces pain from a level 
10 to 5

Reduces pain from a 
level 10 to 5

Reduces pain from a 
level 10 to 5

Reduces pain from 
a level 10 to 5

Duration of pain relief Up to 12 months Up to 12 hours Up to 8 hours Up to 3 months
Ability to slow  
progression of the disease

No impact No impact No impact No impact

Out-of-pocket cost  
per knee (not including  
office visit co-pays)

€100 per course of 
treatment

€5 per month (€30 for 
6 months)

€5 per month (€30 
for 6 months)

€0 (no out-of-
pocket cost)

Your most preferred  
treatment

O O O O

Note: “O” denotes the button for responders to make their choice.

including prevailing co-pays within country, but brand names 

were not. The product attributes evaluated in the analysis 

were: type of therapy, frequency of dosing, time to wait for 

pain relief to start, duration of pain relief, magnitude of pain 

relief, ability to slow disease progression, and co-pay. Co-pay 

refers to the out-of-pocket cost per knee not including office 

visit co-pays. Further details on the attributes used (except 

co-pay) is given in Table 2. The side-effect profiles of the 

four types of treatments (as presented in Table 3) were shown 

prior to the conjoint exercise but not explicitly modeled as 

attributes, given the primary focus of the study on willing-

ness to pay for efficacy.

An example of patient choice exercise screen is shown in 

Table 1. Each patient completed 14 such exercises, selecting 

their most preferred treatment on each screen (one screen per 

exercise). The patient was required to select a treatment on 

each screen before proceeding to the next screen/exercise.

Co-pay attribute levels
Co-pay for oral over-the-counter (OTC) and prescription 

treatments ranged from €0 to €5 per month (€30 for 6 months) 

in Euro currency countries and £0 to £5 per month (£30 for 

6 months) in the UK. Steroid (cortisone) injections in Euro 

currency countries ranged from €0 to €50 and in the UK 

from £0 to £50. VS injections in Euro currency countries 

ranged from €0 to €350 and in the UK from £0 to £500. 

Three additional intermediate co-pays were tested for VS 

injections in each country; for example, €100, €175, and 

€250 co-pays were tested between €0 to €350 in Germany, 

Spain, and Italy.

Duration of pain relief attribute levels
In alignment with the language used in marketing OAK 

products, duration of pain relief was stated as lasting up to 

a certain amount of time, rather than lasting the full amount 

of time. A single dose of oral treatments, for example, offers 

duration of relief of “up to 12 hours”, whereas for injection 

products the longest duration from a single injection was “up 

to 12 months”. While framing the duration of relief in more 

absolute temporal terms (specifically as “exactly 12 hours” 

or “exactly 12 months”) would have removed the potential 

variance from patient to patient when making assumptions of 

the true duration of relief per patient, this would have com-

promised real-world validity. Priority was therefore placed 

on mirroring the decisions that patients must make in the 

real-world situation, which include reacting to the ambiguity 

of language present in treatment package inserts.

Conjoint analysis plan
Conjoint analysis generated numeric utilities for each attri-

bute level, derived from multivariate regression, representing 

the relative importance of each product feature on the treat-

ment choice. Utilities therefore provided a measure of derived 

importance as opposed to stated importance. The impact of 
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Table 2 Attribute levels used in the analysis (except co-pay)

Treatment characteristic Oral Steroid injection Viscosupplement (hyaluronic acid) 
injection

Frequency of dosing •	 Oral tablet, 1–2 times per day  
(as needed)

•	 Oral tablet, 3–4 times per day  
(as needed)

•	 1 injection (in a single 
office visit)*

•	 1 injection (in a single office visit)
•	 3 injections (in 3 office visits, over  

3 subsequent weeks)
•	 5 injections (in 5 office visits, over  

5 subsequent weeks)
Time to wait for pain relief 
to start

•	 Within 3 hours* •	 Within 3 hours
•	 Within 4 hours to  

24 hours

•	 Pain relief may start within 1 week 
after the first injection, maximum 
within 4 weeks

•	 Pain relief may start within 2 weeks, 
maximum within 4 weeks

•	 Pain relief may start within 3 weeks, 
maximum within 4 weeks

Duration of pain relief •	 Up to 8 hours
•	 Up to 12 hours

•	 Up to 1 month
•	 Up to 3 months

•	 Up to 1 month
•	 Up to 3 months
•	 Up to 6 months
•	 Up to 12 months

Magnitude of pain relief •	 Reduces pain from a level 10 to 7
•	 Reduces pain from a level 10 to 5
•	 Reduces pain from a level 10 to 2

Ability to slow disease 
progression

•	 No impact* •	 No impact
•	 Some impact

Co-pay† (not including office 
visit costs)**

•	 Co-pay level 1 to 2† •	 Co-pay level 1 to 5†

Notes: *Fixed levels, not varied in conjoint analysis. **Vary by country. †Co-pay refers to the out-of-pocket cost per knee not including office visit co-pays. The range of 
out-of-pocket co-payments made by patients spanned the economically relevant range for each type of treatment.

Table 3 Example of potential side effects assessment screen

Oral medications that 
you can buy without a 
prescription

Oral prescription medication An injection of steroid 
or cortisone

An injection (or series of 
injections) of a viscosupplement

May cause GI 
complications, and liver 
damage (with high doses)

May interact with other drugs and cause 
drowsiness, confusion, skin rash, and 
abdominal pain. Some medications (NSAIDs) 
may cause increased risk of heart attack and 
stroke

May cause pain and 
swelling, and long-term 
use may damage cartilage 
and connective tissue

May include mild and temporary 
injection-site pain, swelling, heat 
and/or redness, rash and itching, 
bruising around the joint, and/or fluid 
accumulation

Abbreviations: GI, gastrointestinal; NSAID, nonsteroidal anti-inflammatory drug.

various attributes could be made directly by forcing patients 

to make trade-offs between attribute levels, such as between 

duration of pain relief and co-pay. After calculation, the 

utilities of each product attribute level were recombined to 

represent the net utility (assumed proportional to real-world 

value) of a hypothetical product.

An attribute-specific design was used, whereby there was 

a clinically relevant limitation of the combination of attributes 

applied in the design. In measuring the intrinsic value of the 

type of therapy, unique features of VS injections, such as 

ability to slow disease progression, were captured in separate 

attributes, independent of type of therapy.30,31 Thus, the type 

of therapy attribute is not a reflection of features unique to 

one treatment or another.

A hierarchical Bayes logit model specific to each coun-

try was estimated using Sawtooth Software CBC/HB v 6.0. 

Separate models were constructed for each country because 

the co-pays that were shown to patients reflected structur-

ally different non-reimbursed patient co-pays. A “none of 

the above” option was not included, as the inexpensive oral 

OTC product (cost to patient ranging from free to £5/€5 per 

month) served as the proxy for the no-treatment option.

Statistical analysis
In the survey analysis, population comparisons were performed 

using a Wilcoxon rank sum test to determine statistical differ-

ence between all populations. Individual populations were com-

pared using a chi-square test. In the conjoint model analysis, 
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two-tailed z-tests of proportions and t-tests of means (using 

SPSS with Bonferroni correction) were conducted to determine 

statistical significance between utilities (taken at P,0.05).

Results
Baseline characteristics
Survey results from 2,073 participants met the criteria, with 

1.4% of the total completed interviews discarded as a result 

of suspected straight-lining. The baseline characteristics of 

the study population are shown in Table 4.

Effect of OAK pain on daily living 
activities
Responders were asked to rate the severity of pain associated 

with OAK when taking no medication (Table 5). Responses 

were classified according to OAK severity (mild, moderate, 

or severe), defined in terms of the ability to undertake normal 

activities. OAK was rated as severe by 360 (17.4%) respon-

dents, with pain that “drastically limits normal activities”. 

A further 949 (45.8%) responders experienced moderate 

OAK, meaning “pain on a daily basis which limits normal 

activity”. In total, pain that limited normal activities was 

experienced by 63.2% of respondents. Across the mild, 

moderate, and severe OAK ratings combined, 10.1% of 

respondents rated their daily pain as 8–10 on a scale where 

0 was “no pain” and 10 was the “worst pain imaginable”, 

while 61.0% rated pain at 4–7 on the same scale.

The impact of OAK pain on daily living activities of the 

patient is reported in Table 6. Pain was experienced con-

stantly by 31.3% of respondents, with the pain affecting daily 

mood of 43.8% and sleep patterns of 35.9% of respondents. 

Over one-half of the respondents agreed that OAK pain had 

caused them to decrease normal activities during the previous 

12 months to 18 months.

Table 7 describes the impact of OAK on the employment 

of respondents, of which 38.4% were retired and 14.3% 

were not working. Among patients who worked, 39.3% had 

missed time from work or had reduced their hours of work 

because of their OAK.

Respondent experiences of current 
treatments
The survey recorded the treatments for OAK being used by 

respondents and their experiences of them; these data are 

shown in Table 8. The most common treatments (received 

by $50% patients) were: exercise (69.7%); physical therapy 

(68.2%); topical creams, liniments, and patches (63.5%); 

and oral pain medication available without a prescription 

(73.9%). It was notable that the list of most common treat-

ments did not vary according to the severity of OAK, with 

the sole exception that prescription oral pain medications 

were taken by $50% of patients with severe pain.

Patients were asked to rate the effectiveness (in terms 

of pain relief) of their current treatments on a scale from 1 

(not at all effective) to 7 (extremely effective), as shown in 

Table 8. Treatments that were perceived as being very effec-

tive (score of 5–7) by the majority of patients were: physi-

cal therapy (59.4%), COX-2 inhibitors (60.4%), narcotics 

(67.8%), steroid injection (67.6%), VS injection (74.1%), 

and arthroscopic knee surgery (60.0%). With the exception 

of physical therapy, the treatments rated as most effective did 

not correlate with the treatments most commonly received. 

The proportion of patients who rated VS injection to be very 

effective (74.1%) was significantly higher than for all treat-

ments taken together (53.0%, P,0.0001, chi-square test), 

and the proportion of patients rating VS to be not effective 

(6.7%) was significantly lower than for all treatments taken 

together (12.5%, P,0.0001, chi-square test).

Patients were also asked to rate their satisfaction with 

their current treatment, on a scale from 1 (not at all satisfied) 

to 7 (extremely satisfied), as shown in Table 8. Treatments 

with which $50% of patients were very satisfied (rating score 

5–7) were: acupuncture (50.3%), glucosamine, chondroitin 

sulfate (50.2%), COX-2 inhibitors (52.8%), steroid injec-

tion (53.1%), VS injection (66.0%), and arthroscopic knee 

surgery (50.1%). None of the treatments with the highest 

Table 4 Summary of baseline characteristics of the study 
population

Survey characteristic Value

Study population location
Germany 415
Italy 400
France 437
Spain 406
UK 415

Age (years)
Mean 57.3
Median 57.0
Range 40–86

Sex (%)
Female 66.3

Extent of OAK (%)
One knee only 32.5
Both knees 67.5

Type of doctor managing OA (%)
Specialist physician/surgeon 45.4
General physician 43.0
Other 11.6

Note: Sample size (N=2,073).
Abbreviations: OA, osteoarthritis; OAK, osteoarthritis of the knee.
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Table 5 Severity of OAK-associated pain

Response Patients (n) Patients (%) Intensity of pain (%)*

0–3 4–7 8–10

Mild: able to undertake normal activities but  
with a certain degree of pain

764 36.9 50.1 47.5 2.4

Moderate: experience pain on a daily basis  
that limits normal activities

949 45.8 18.8 73.6 7.7

Severe: pain drastically limits normal activities  
and makes routine activities difficult

360 17.4 10.6 56.4 33.1

Total 2,073 100 28.9 61.0 10.1

Notes: Respondents were asked: “How would you characterize your level of knee pain when not taking any medications to treat your OA of the knee (OAK)”; with the 
possible responses of mild, moderate, or severe. *Respondents rated their daily pain on a scale where 0 was “no pain” and 10 was the “worst pain imaginable”.
Abbreviations: OA, osteoarthritis; OAK, osteoarthritis of the knee.

Table 6 Impact of OAK-associated pain on quality of life

Respondent statement Agree or strongly agree (%)a

My knee pain makes me dependent  
on pain medication to get  
me through the day

38.0

My knee pain makes me feel  
older than my age

54.9

I experience pain constantly  
(around the clock)

31.3

My knee pain is impacting my  
daily mood

43.8

My knee pain prevents me from  
sleeping well through the night

35.9

My knee pain limits my ability to do  
what I want to do on a daily basis

47.6

My knee pain has made me  
decrease my normal activities over  
the last 12 months to 18 months

51.1

Notes: Respondents were asked whether they agreed with a series of statements 
about OAK impact upon daily functioning. Responses were scored on a scale from 
1 to 7, where 1 was “do not agree at all” and 7 was “strongly agree”. aScore of 5–7.
Abbreviation: OAK, osteoarthritis of the knee.

Table 7 Current employment status and impact of OA of the 
knee on respondent’s work schedule

Employment  
status

% Have you missed time from  
work, or reduced your work 
schedule due to OA?

Employed full time 35.0 Yes*
Employed part time 12.4 Yes*
Retired 38.4 N/A
Not working 14.3 N/A

Note: *39.3% of the respondents who were employed missed time from work, or 
reduced their work schedule due to OA.
Abbreviations: N/A, not applicable; OA, osteoarthritis.

satisfaction ratings were among the treatments most com-

monly received. The proportion of patients very satisfied 

with VS (66.0%) was significantly higher than for all treat-

ments taken together (50.4%, P,0.0001, chi-square test), 

and the proportion of patients not satisfied with VS (8.6%) 

was significantly lower than for all treatments taken together 

(12.4%, P,0.0001, chi-square test).

Determinants of treatment choice
Stated preference
Injections into the knee were perceived by patients to be 

among the most effective treatments and scored highly in 

terms of patient satisfaction. Steroid injections were received 

by 34.8% of patients overall and by 48.6% of patients with 

severe OAK pain. VS injections were received by 25.1% of 

patients overall and by 29.4% of patients with severe pain. 

The conjoint analysis aimed to determine which attributes 

of these treatments are most highly valued.

Derived preference (conjoint analysis)
Figure 1 shows the utilities for the four treatment types 

tested in the conjoint analysis. Both injection treatments 

were significantly preferred over both oral treatments, 

demonstrated by non-overlap of the respective confidence 

intervals between the oral and injectable treatments. This 

finding is consistent with the satisfaction ratings returned 

by patients (Table 8). Further, and also in agreement with 

satisfaction ratings, VS injection was preferred to steroid 

injection.

Product attributes driving willingness to pay
To assess product attributes driving willingness to pay, a 

utility-to-Euro conversion was performed, using the impact 

of the co-pay attribute as a measure of utility. Utility/co-pay 

conversion was independent for each attribute, with conver-

sions used as a measure of premium paid for higher-level 

benefits within a single attribute. As shown in Figure 2, 

there was an “improvement” of 140.8 utility points when 

the co-pay was reduced from €100 (34.6 utility points) to 

€0 (175.5 utility points). Therefore, a change of 140.8 utility 

points equates to a monetary patient co-pay value of €100. 

The utility associated with each of the injection attributes 

is shown in Figure 2, and the currency conversion can be 

applied to these utility gains. Of the attributes examined by 
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and €64 more for steroid and VS injections, respectively, 

over the cost of oral OTC painkillers (per treatment course, 

per knee) (each P,0.05).

Oral treatment co-pay was modeled separately from 

injectable co-pay. Relative to a 1-month supply of oral OTC 

pain relief tablets stating “3 to 4 times a day” dosing, an 

otherwise identical bottle offering “1 to 2 times a day” dos-

ing was perceived to be worth €7 more. Therefore, it can be 

considered that equal utility exists for a month of free tablets 

offering “3 to 4 times a day” dosing and €7 tablets offering 

“1 to 2 times a day” dosing.

Specific to VS injections, the improvement in utility of 

1 month of pain relief (-98.8 utility points) to 6 months of 

pain relief (39.6 utility points) is 138.4 utility points (P,0.05, 

t-test). This would have a co-pay value of €98.3. Therefore, 

a patient would be equally willing to pay for a free VS injec-

tion offering 1 month of relief or a €100 co-pay for a VS 

injection offering 6 months of relief. In this scenario, the 

incremental 5 months of pain relief is worth roughly €100. By 

comparison, 12 months of pain relief (167.2 utility points) has 

a co-pay value of €122.3 over 1 month of pain relief. Simi-

larly, a dosing frequency of one injection had a utility gain 

of 65.1 points (€46.2 co-pay) over therapy that requires five 

injections (and five office visits, P,0.05, t-test). Pain relief 

within a week of commencing treatment had a utility gain 

Figure 1 Impact of varying the type of treatment upon utility premium.
Notes: The differences between adjacent utilities indicate the relative importance 
of moving from one level (type of treatment) to an adjacent level. Error bars indicate 
95% confidence interval.
Abbreviations: OTC, over the counter; Rx, medical prescription; VS, viscosupplement.
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Figure 2 Impact of varying attributes of patient characteristics upon their choice of OAK treatment.
Note: Error bars indicate 95% confidence interval.
Abbreviations: mo, month/s; OAK, osteoarthritis of the knee.

conjoint analysis, patient co-pay, duration of pain relief, and 

type of therapy (for example, oral OTC or steroid injection) 

exhibited the largest impact on patient preference for OAK 

treatments, as shown in Figure 2. Considering only the type 

of therapy and co-pay as the sole determinants of patient 

preference, the average patient would be willing to pay €35 
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53.2 (€37.8 co-pay) compared with pain relief within  

3 weeks (P,0.05, t-test). Pain reduction from a score of 10 to 

a 2 on the pain scale had a utility gain of 77.5 (€55.0 co-pay) 

over pain reduction from a 10 to a 7 (P,0.05, t-test).

It was possible to assess patient characteristics tied 

to preferences for specific treatments through the use of 

individual-level conjoint utilities. Patients stating a prefer-

ence for higher co-pay injections over less costly oral treat-

ments had a larger utility gain moving from oral treatments 

to injection treatments than patients who preferred less costly 

options. Oral OTC treatments and VS injections were the 

two types of therapy with the largest difference in utilities. 

Figure 3 shows the patient factors linked to a preference for 

VS treatment over oral OTC treatments, based on results 

obtained from the survey.

As shown in Figure 3, a higher utility premium for VS 

injections over oral OTC treatments was observed in patients 

with gastrointestinal (GI) disorders compared with patients 

without GI disorders. This preference is likely to arise from 

the GI adverse effects associated with prolonged use of some 

OTC analgesics.32 Patients more familiar with VS injections 

or who had higher disposable income also had significantly 

greater utility premiums for VS injections than patients with 

little/no knowledge of VS injections and lower disposable 

income, respectively. Notably, the number of past treatments 

attempted was significantly correlated with the utility pre-

mium for VS injection (Pearson’s r=0.19, P,0.01) (data not 

shown). However, age, sex, the presence of OAK in both 

knees, and other comorbidities did not significantly impact 

the utility premium placed on VS injections.

Discussion
The current study found that the treatments most commonly 

received by patients with OAK are not generally the same as 

the treatments that score highest on measures of perceived 

effectiveness or of patient satisfaction. Using the co-pay 

system as a means of monetary conversion, the study also 

provides a measure of the worth of different attributes associ-

ated with OAK treatment and the premium that patients are 

willing to pay for them.

In the stated preference analysis, knee injections were 

rated as very effective by the largest proportion of patients 

receiving these treatments and also provided the highest 

levels of satisfaction. In the derived preference analysis, the 

treatment type (as well as duration of effect attribute) had the 

greatest impact upon treatment preference, with injections 

being significantly preferred to oral medications. However, 

knee injections were received only by a minority of patients 

(between 25% and 35%), irrespective of disease severity. 

A  higher preference for injections was associated with 
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Note: Error bars indicate 95% confidence interval.
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patients who had GI disorders, a greater knowledge about 

treatments, and higher disposable income. As might be 

expected, duration of pain relief and fewer injections were 

also significant determinants of treatment choice (P,0.05). 

The analysis also showed that the out-of-pocket cost of 

injections, relative to prescription medications and other 

treatments in some European countries, was a barrier to 

their use.

Although the study was designed to be a comprehensive 

study of willingness to pay in European patients, there 

are some limitations. Firstly, the self-reporting of OAK 

could lead to a reporting bias, although self-reporting has 

been shown to compare with clinical records.24,25 Ensuring 

a representative population of patients with OAK is also 

important; care was taken to ensure a consistent and rep-

resentative patient population, with patients sampled from 

many demographics. Although difficult to align with the 

entire population of patients with OAK, the mean age of 

57.3 years and presence of 66.3% of females in the study 

can be considered suitably comparable with European 

epidemiological estimates.7–11 Despite being performed 

according to a widely used methodology, one possible fur-

ther limitation of the survey was that participation required 

a degree of computer literacy and Internet access; this 

may represent a degree of bias against non-information-

technology-literate responders in a predominantly elderly 

survey population. Finally, the survey validation instrument 

consisted of six in-person pretests, and could perhaps have 

been more extensive. A  potential limitation associated 

with the conjoint methodology is that co-pay sensitivity 

is nonlinear between tested levels, with results linearly 

interpolated between tested values.

The current study demonstrates that patients are willing to 

pay a €100 co-pay for treatment with an efficacy increasing 

from 1 month to 6 months, and a €122.3 co-pay for one with 

an efficacy increasing from 1 month to 12 months. In addi-

tion, patients are willing to pay a premium of €64 co-pay for 

VS injections over oral OTC painkillers and €35 for steroid 

injections (per course of treatment, per knee). A previous 

patient preference study examined the willingness of patients 

to adopt alternative treatments to prevent progression of 

OA.23 It was found that while 16.4% of patients tested would 

reject alternative treatments under all conditions, 59.2% of 

patients had a strong preference for trying new therapies in 

all scenarios, in order to prevent OA disease progression. 

A recent study described a willingness in patients with OA 

to accept a 400% increase in myocardial infarction risk in 

order to achieve a reduction in ambulatory pain associated 

with OA, suggesting the importance of maintaining daily 

activities and reducing pain to patients with OAK.29

For future analyses, the present study can be generaliz-

able to other countries with a similar treatment algorithm, 

health care system framework, and ability to pay. From the 

current study, it is possible to conclude that patients who have 

GI disorders, have more disposable income, and are more 

knowledgeable in managing their OAK are more willing to 

pay for VS injections. The study found that duration of pain 

relief and fewer injections are also significant determinants 

of treatment choice among patients with OAK.
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