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ABSTRACT

Objectives To evaluate 1-year cost-effectiveness of an
8-week supervised education and exercise programme
delivered in primary care to patients with symptomatic
knee or hip osteoarthritis (OA).

Design A registry-based pre—post study linking
patient-level data from the Good Life with osteoArthritis

in Denmark (GLA:D) registry to national registries in
Denmark.

Setting and participants 16 255 patients with
symptomatic knee or hip OA attending GLA:D.
Intervention GLA:D is a structured supervised patient
education and exercise programme delivered by certified
physiotherapists and implemented in Denmark.

Outcome measures Adjusted healthcare costs per
Quality-Adjusted Life Year (QALY) gained from baseline to
1 year (ratio of change in healthcare costs to change in
EuroQoL 5-Dimensions 5-Level questionnaire (EQ-5D)). All
adjusted measures were estimated using a generalised
estimating equation gamma regression model for repeated
measures. Missing data on EQ-5D were imputed with
Multiple Imputations (3 months: 23%; 1 year: 39 %).
Results Adjusted change in healthcare cost was 298€
(95% Cl: 206 to 419) and 640<€ (95% Cl: 400 to 1009) and
change in EQ-5D was 0.035 (95% Cl: 0.033 to 0.037) and
0.028 (95% Cl: 0.025 to 0.032) for knee and hip patients,
respectively. Hence estimated adjusted healthcare costs
per QALY gained was 8497<€ (95% Cl: 6242 to 11 324)
for knee and 22 568€ (95% Cl: 16 000 to 31 531) for hip
patients. In patients with high compliance, the adjusted
healthcare costs per QALY gained was 5438<€ (95% Cl:
2758 t0 9231) for knee and 17 330€ (95% CI: 10 041 to
29 364) for hip patients. Healthcare costs per QALY were
below conventional thresholds for willingness-to-pay at
22 804<€ (20 000£) and 43 979<€ (US$50 000), except
the upper limit of the 95% CI for hip patients which was in
between the two thresholds.

Conclusions A structured 8-week supervised education
and exercise programme delivered in primary care was

," Rikke Ibsen,? Jakob Kijellberg,®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The study included a large number of rural and ur-
ban patients with knee or hip osteoarthritis treated
in primary care across Denmark.

= All costs reported are real-life costs retrieved on an
individual level from a range of high-quality national
registries.

= The study is a pre—post study reporting change in
healthcare costs against change in generic health-
related quality of life (EuroQoL 5-Dimensions
5-Level questionnaire, EQ-5D).

= Healthcare costs per Quality-Adjusted Life Year was
reported in a 1 year horizon and additional change in
healthcare costs were reported in a 3-year horizon.

= 23% and 39% of the patients did not provide data on
EQ-5D immediately following the intervention and at
1 year, respectively, and the missing data were im-

puted with Multiple Imputations.

cost-effective at 1 year in patients with knee or hip OA
supporting large-scale implementation in clinical practice.

INTRODUCTION

Knee and hip osteoarthritis (OA) are major
contributors to disability and chronic pain
worldwide and the implications for both
the patients and healthcare systems are
severe.' * The cost related to OA is estimated
to be between 1% and 2.5% of a country’s
gross domestic product (GDP) in high-
income Countries,1 and total annual costs in
Europe are estimated to be up to 817 billion
€ (2018).” The number of people living with
OA has increased over the last years and
is expected to increase substantially in the
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future due to an ageing and more overweight and obese
population.* This will have extensive societal impact,
emphasising the need for identifying and implementing
cost-effective treatment options that can help relieve the
pressure healthcare services are facing around the world.*

Clinical guidelines recommend a stepwise treatment
approach, including education and exercise therapy as
firstline treatment for knee and hip OA,” with substan-
tial evidence supporting the effects of supervised exer-
cise therapy on pain and physical function.’ ' However,
studies of quality of care report that exercise therapy is
underutilised, estimated to be provided to less than 40%
of patients with OA." '* To support the implementation
of clinical guidelines into clinical practice, Good Life
with osteoArthritis in Denmark (GLA:D) was initiated in
2013 and has been implemented across Denmark. The
treatment part of GLA:D is an 8-week supervised patient
education and exercise therapy programme delivered in
primary care for patients with knee or hip OA and has
shown positive results on pain, physical function, quality
of life (QOL), intake of painkillers and sick leave."®

Results from previous evaluations of the cost-
effectiveness of firstline treatment including exercise
therapy and targeting knee or hip OA are heteroge-
neous, and little is known about the cost-effectiveness of
supervised education and exercise therapy implemented
in primary care."* !> Such evaluation is warranted when
deciding whether to implement a structured firstline
treatment programme, and therefore the aim of the
study was to evaluate the cost-effectiveness of GLA:D. We
hypothesised that GLA:D would be cost-effective for both
knee and hip OA patients.

METHOD

Study design

This is a registry-based pre—post study evaluating the
cost-effectiveness in a healthcare payer perspective of
an 8-week supervised education and exercise therapy
programme (GLA:D) for patients with symptomatic knee
or hip OA by linking patient level data from the GLA:D
registry to national registries in Denmark. In the primary
analysis, we reported healthcare costs in a healthcare
payer perspective per QALY gained in a 1 year horizon
calculated as the ratio of change in healthcare costs to
change in QOL in the same patients. In addition, as a
secondary analysis, mean actual healthcare costs and costs
to home care and public transfer payments were reported
in a 3-year horizon to assess how costs develop over time
in this population of patients with a chronic condition.
The study conforms to the consolidated health economic
evaluation reporting standards statement for reporting
health economic evaluations and recommendations for
reporting cost-effectiveness analyses.'® '’

Intervention
GLA:D is a structured treatment programme delivered
over approximately 8 weeks consisting of two patient

education sessions, a session with an expert patient,
when available, and of 12 1-hour sessions (delivered twice
weekly) of supervised group-based neuromuscular exer-
cise therapy.'” 'Y Treating therapists are physiotherapists
certified to deliver the intervention on a 2-day course
at the University of Southern Denmark provided by
researchers, clinicians and a former patient. All therapists
were instructed in how to diagnose OA and informed
about differential diagnosis. Patients are usually referred
to the programme by their general practitioner or an
orthopaedic surgeon, but they may also refer themselves
directly. From 2014 to 2016, the GLA:D programme was
delivered in 283 private clinics across the country and
in 28 municipal rehabilitation centres of 98 municipal-
ities in Denmark. Most of the patients attending the
programme in private physiotherapy clinics would receive
public reimbursement of approximately 40% of the fee
and most patients attending municipal rehabilitation
centres would not be charged. A detailed description of
the GLA:D programme has previously been published."”
The GLA:D registry has previously been approved by
the Danish Data Protection Agency (no. 10.084) and
according to the local ethics committee of the North
Denmark Region, ethics approval of GLA:D was not
needed. According to the Danish Data Protection Act,
patient consent was not required as personal data were
processed exclusively for research and statistical purposes.

Population

Patients are eligible for the GLA:D programme if they have
a clinical diagnosis of knee and/or hip OA as evaluated
by the treating physiotherapist that is, pain or functional
limitations associated with knee or hip OA and do not
meet any of the following exclusion criteria: (1) another
reason for the joint symptoms than OA (eg, tumour,
inflammatory joint disease or patellar tendinopathy), (2)
other symptoms that are more pronounced than the OA
symptoms (eg, chronic generalised pain or fibromyalgia)
or (3) do not understand Danish. According to interna-
tional,”” and Danish,”" guidelines radiographs are not
needed for a clinical diagnosis of OA, and therefore not
part of the GLA:D eligibility criteria. The current study
included patients enrolled between 4 February 2014,
when collection of the EuroQol. 5-Dimensions 5-Level
questionnaire (EQ-5D) was initiated, and 31 December
2016, allowing for l-year follow-up since information on
all costs was available until the end of 2017. Patients with
available baseline information on EQ-5D and information
on whether a knee or a hip joint was the most affected
joint were included in the study. Reporting mean costs
in a 3-year horizon was restricted to patients entering
the programme before 31 December 2014, allowing for
3-year follow-up, and reporting costs for public transfer
payments were restricted to patients aged 18-63 years
both in the preintervention and postintervention period
to ensure that they did not turn 65 during the postpe-
riod which was the retirement age in Denmark in 2017.
To cover living expenses, public transfer payments are in
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Denmark provided to adults under the age of retirement
who, for example, are unemployed, have low/no ability to
work or are enrolled in education. Please find more infor-
mation about the Danish healthcare system elsewhere.*

Variables

Data in the GLA:D registry are collected at baseline,
following the intervention (~3 months as the programme
is implemented in primary care and some variation in
follow-up time occurs), and at 12 months and includes
demographics, a mix of therapist and patientreported
health measures and outcome measures as well as compli-
ance." Via the civil registration number, which identifies
every citizen in Denmark, the GLA:D registry was linked
to national registries from where actual individual level
utilisation of somatic healthcare services (including use
of primary healthcare services, secondary healthcare
services and use of preceptive medication; ie, excluding
the use of psychiatric healthcare services), home care and
public transfer payments were retrieved.” In Denmark,
home care including practical help and personal care
is offered to citizens with low functional level who are
unable to manage everyday life on their own. All prices
and costs were converted into Euros (€) and reported
in present values (2017-level) based on the Danish
Consumer Price Index. Costs were given as mean costs
per month (l-year horizon) or year (3-year horizon) and
public transfer payments were given as full-time weeks (37
hours per week) per month (l-year horizon) or per year
(8-year horizon).

Costs related to primary healthcare services, including
visits to physiotherapist, chiropractor, general practi-
tioner and others (eg, medical specialist, laboratory work
and dentist), were obtained from the Danish National
Health Insurance Service Registry. Within the primary
healthcare sector in Denmark, physiotherapy is deliv-
ered both in private clinics and in municipality settings
however, costs for interventions delivered in municipal
settings were not available and therefore not included in
the analysis. Services and admissions related to secondary
healthcare, including total somatic inpatient and outpa-
tient services, were obtained from the Danish National
Patient Registry and associated costs were estimated based
on the Danish Case Mix System which organise patients
with similar diseases and similar expenses into groups
that each have annually adjusted tariffs that reflects prac-
tice. The Danish National Patient Registry holds informa-
tion on all inpatient admissions and outpatient activities,
including accident and emergency visits in Danish hospi-
tals. Every contact is coded in a classification system incor-
porating ICD-10 codes and use of resources in contacts
where surgery in the knee or hip occurred were reported
separately. Costs for prescriptive medications were
obtained from the Danish National Prescription Registry
holding information on all prescriptions on medications,
including date of purchase, number of packages and the
reimbursement paid by public funds. All drugs are classi-
fied according to the Anatomical Therapeutic Chemical

Classification System (ATC) and painkillers (ATC-codes:
NO2A, NO2B, MO1A, M02AA) and other medications
were reported separately. Individual level information
on number and duration of visits for personal care and
practical help, respectively, was retrieved from Statistics
Denmark and the average care costs per hour (2017)
in Denmark was used to calculate costs. Information on
nursing care was not available and therefore not included
in the analysis. Information on public transfer payments
was retrieved from the Registry for Public Transfers,
which holds information on type and hours of public
transfer payments and was reported as the number of
weeks receiving transfer payment (unemployment, shel-
tered employment, sick leave, rehabilitation, education,
disability pension and early retirement).

Outcome was reported as QALYs gained measured
with EQ-5D converted into an index score using time-
trade-off based weights from the Danish crosswalk value
set (-0.624 to 1; worst to best).” The EQ-bD comprises
of five dimensions: mobility, self-care, usual activities,
pain discomfort and anxiety/depression each having five
levels of response options from ‘no problems’ to ‘severe
problems’.** QALYs combine time lived and QOL into a
single index number where ‘1’ corresponds to 1 year of
full health and ‘0’ corresponds to being dead.

Information on the covariates age (continuous), sex
(male or female), marital status (married/coliving or
single), ethnic background (western (countries in EU,
associated countries and the four Anglo-Saxon coun-
tries) or not western (other countries)), educational
level (primary, secondary, vocational, short-term, bach-
elor, long-term or unknown) and administrative region
(Capital, Zealand, Southern Denmark, Central Denmark
or North Denmark) were retrieved from the Danish Civil
Registration System. Most affected joint (knee or hip) and
information on compliance were therapist-reported and
high compliance was defined as patients attending at least
10 supervised exercise sessions. Type of clinic (private or
municipal) was retrieved from the GLA:D registry and
whether the patient died during follow-up was retrieved
from the Danish Civil Registration System.

Statistical analyses

Descriptive statistics for baseline characteristics, average
actual and adjusted costs from somatic healthcare
services and home care and average and adjusted weeks
receiving public transfer payments 1 year prior to and
one or 3 years after entering the programme, respectively,
were reported. To take the potential influence of covari-
ates into account, actual costs and weeks receiving public
transfer payments were adjusted using a generalised esti-
mating equation (GEE) gamma regression model for
repeated measures. A model for repeated measures was
applied as the same patients were included in the prepe-
riod and postperiod. Statistically significant difference
between costs in the preintervention and postinterven-
tion period was assessed using bootstrap t-test.
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We estimated healthcare costs per QALY gained as the
ratio of change in actual total healthcare costs to change
in QOL. Change in healthcare costs was calculated as the
mean cost difference between the year prior to and the
year after entering the intervention. QALYs gained was
calculated as the mean difference between the EQ-5D
score at baseline, calculated as ‘the area under the curve’
taking change over time into account, representing the
QOL the year after entering the programme (online
supplemental appendix figure S1). Data were not normal
distributed and changes in costs and EQ-5D were esti-
mated using a GEE gamma regression model for repeated
measures.

In the first step, change in healthcare costs and change
in QOL were estimated in two different models, where
both raw and adjusted analyses were conducted including
gender, age, marital status, ethnicity, educational level
and region as covariates. In case of no convergence in the
model, selected covariates were omitted. In the second
step, the ratio of change in healthcare costs to change in
QOL were calculated.

There is no official threshold for willingness-to-pay
in Denmark and we compared the healthcare cost per
QALY to predefined willingness-to-pay thresholds of a
cost-effective treatment defined by the National Institute
for Health and Care Excellence at 22 804€ (20 000£)
per QALY,” and the widely used threshold of 43 979€
(US$50 000) per QALY.*® To explore if adherence to the
exercise therapy component had an impact on the results,
a subanalysis repeating all analyses restricted to patients
with high compliance was conducted. All analyses were
reported separately for knee and hip patients.

As previously proposed for cost-effectiveness studies
and clinical trials in OA,” # missing values for the
EQ-5D index score at follow-up were imputed using
Multiple Imputations (MI) with chained equations
under the assumption of data being missing at random.*’
Since EQ-5D was not normal distributed, Predictive
Mean Matching was applied, and all baseline vari-
ables presented in the study and outcome variables of
interest were included in the model. In total, 40 data
sets were generated, approximately equal to the largest
percentages of missing observations for the outcome as
recommended.”

Since costs for healthcare services delivered in munic-
ipal settings were not available, all analyses were repeated
stratified for patients attending GLA:D in private physio-
therapy clinics versus in municipal rehabilitation centres.
To explore the impact of missing data, a sensitivity anal-
ysis repeating all analyses restricted to complete cases
was conducted and all analyses were repeated excluding
patients who died during follow-up.

The significance level for all statistical analyses was
defined a priori at p<0.05. All analyses were performed
using the SAS V.9.4 (SAS Institute, North Carolina,
USA).

RESULTS

12 162 knee patients and 4093 hip patients were included
in the study and follow-up data on EQ-5D were avail-
able for 77% immediately after treatment and 61% at
1 year (figure 1). Patients with complete information
had slightly better, but most likely not clinically relevant
better health status at baseline compared with patients
with incomplete information (online supplemental
appendix table S1). Baseline characteristics are presented
in table 1. Three quarters of the patients were female,
median symptom duration was 2 years, almost two-thirds
reported use of pain medication and 31% and 4% of knee
and hip patients, respectively, reported previous surgery
in most affected joint. Seven percent and 17% of knee
and hip patients, respectively, reported to have had a joint
replacement surgery between start intervention and the
12 months follow-up measurement.

Adjusted healthcare costs and costs for home care 1
year prior to and 3 years after entering the intervention
are presented in figure 2A-E, adjusted public transfer
payments are presented in table 2 and mean public
transfer payments are presented in online supplemental
appendix table S2. Additionally, mean and adjusted costs
1 year prior to and 1/3 years after entering the interven-
tion, respectively, are presented in online supplemental
appendix tables S3 and S4. To take the potential influence
of covariates into account, costs are estimated for average
patients, that is, women, 65 years old, married/coliving,
ethnic Danish, low educational level and living in the
Capital Region. Public transfer payments are estimated
for women, 55 years old, married/coliving, ethnic Danish,
low educational level and living in the Capital Region
since the population was restricted to adults under the age
of retirement in this analysis, as public transfer payments
target this age group. In the l-year horizon, monthly
adjusted healthcare costs for knee and hip patients were
263€ and 235€ 1 year prior to the intervention, rising to
331€ and 397€ the year after entering the programme
(online supplemental appendix table S4). In the 3-year
horizon, yearly adjusted healthcare costs 1 year prior to
the intervention were 3392€ and 3051€ for knee and hip
patients, rising to 4128€ and 4473€ the third year after
entering the intervention, observing the highest costs the
second-year postintervention for knee patients and the
first-year postintervention for hip patients (figure 2A).
The increase in mean healthcare costs was mainly due to
costs related to surgeries in the knee or hip which the first
year after index date in the adjusted analysis accounted
for 46€/month of an increase in costs of 68€/month in
knee patients and 130.8€/month of an increase in costs
of 162.8€/month in hip patients (online supplemental
appendix table S4). On average, the raw EQ-5D score
increased from 0.711 to 0.756 points for knee patients
and from 0.705 to 0.747 for hip patients from baseline to
1-year follow-up (table 3).

Adjusted change in healthcare cost from the year prior
to entering GLA:D to the year after entering GLA:D was
298€ (95% CI: 206 to 419) and 640€ (95% CI: 400 to
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18,218 patients enrolled in GLA:D® between February 4, 2014 and December 31, 2016

1,883 patients did not provide patient
reported baseline information

v

16,335 patients provided baseline information

54 patients did not answer EQ-5D at baseline
26 did not have a civil registration number (CPR)

v

12,162 knee patients enrolled in the study |

4,093 hip patients enrolled in the study

2,781 knee patients did not
answer EQ-5D at3 m

912 hip patients did not
answer EQ-5Dat3 m

4,732 knee patients did
not answer EQ-5D at 12
m follow up

v

v
6,990 knee patients had complete
information on EQ-5D

| 1,574 hip patients did not
"| answer EQ-5D at 12 m

Y
2,349 hip patients had complete
information on EQ-5D

Figure 1 Flow chart. EQ-5D, EuroQoL 5-Dimensions 5-Level questionnaire; GLA:D, Good Life with osteoArthritis in Denmark.

1009) and QALYs gained were 0.035 (95% CI: 0.033 to
0.037) and 0.028 (95% CI: 0.025 to 0.032) for knee and hip
patients, respectively. Hence, l-year estimated adjusted
healthcare costs was 8497€ (95% CI: 6242 to 11 324) for
knee patients and 22 568€ (95% CI: 16 000 to 31 531)
for hip patients per QALY gained (table 4). Restricting
the regression analysis to patients with high compliance,
the 1-year adjusted healthcare costs per QALY gained was
lower compared with all patients; 5438€ (95% CI: 2758
to 9231) for knee patients and 17 330€ (95% CI: 10 041
to 29 364) for hip patients primarily due to lower change
in healthcare costs (table 4). Although the upper limit
of the 95% CI for hip patients was in between the two
predefined willingness-to-pay thresholds, the estimated
healthcare costs per QALY for both knee and hip patients
were below both of the two predefined willingness-to-pay
thresholds.

Sensitivity analyses showed that knee and hip patients
attending GLA:D in a private clinic had similar health-
care costs per QALY but that patients attending GLA:D in
amunicipal setting had higher costs for knee patients and
lower costs for hip patients compared with all patients. This
difference was primarily explained by a different change
in healthcare costs (online supplemental appendix table

S5). The complete case analysis showed lower change in
healthcare costs and lower healthcare costs per QALY for
knee patients (4829€ (95% CI: 2313 to 8378)) but for
hip patients, the ratio was similar to that of all patients
(online supplemental appendix table S5). Fifty-three
patients died within the l-year follow-up period and 11
of these within the first 3 months. Repeating all anal-
yses excluding deaths in the regression analyses showed
results similar to the main analysis (data not shown).

DISCUSSION

Our study demonstrated that an 8-week supervised patient
education and exercise therapy programme for knee or
hip OA implemented in primary care is cost-effective
in a l-year horizon with healthcare costs of 8497€ per
QALY for knee patients and 22 568€ for hip patients who
signed up for the intervention. Despite the physiotherapy
visits needed to participate in the GLA:D programme,
increased healthcare costs were primarily related to
knee or hip surgeries (accounting for 70% and 80% of
the increased costs, respectively) and although the mean
absolute change in health-related QOL is relatively low
(~0.03), the intervention is still considered cost-effective.
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Open access

I

Table 1 Baseline characteristics in knee and hip patients

attending GLA:D

Knee Hip
(n: 12162) (n: 4093)
Age (years), mean (SD) 64.1 (9.8) 65.7 (9.4)
Gender (female), % (n) 73.1(8887) 73.6 (3014)
BMI (kg/m?), mean (SD) 28.6 (5.3) 26.9 (4.6)
Marital status, % (n)
Married or living with others ~ 72.4 (8803)  70.7 (1079)
Single 27.6 (3359) 29.3 (1200)
Ethnic background, % (n)
Danish 96.2 (11 701) 96.8 (3961)
Other western 2.5 (299) 2.6 (106)
Not western 1.3 (160) 0.6 (25)
Educational level, % (n)
Primary 18.7 (2277)  19.7 (1493)
Secondary 3.0 (367) 7(112)
Vocational 39.1 (4761) 36.2 (1481)
Short-term 4.6 (558) 5(185)
Bachelor 26.2 (3186) 28.0 (1145)
Long-term 7.2 (873) 0 (329)
Unknown 1.2 (140) 9 (35)
Social status, % (n)
Employed 43.3 (5264) 36.5(1493)
Unemployed 2.1 (256) 5 (61)
Sick pay (public funded) 0.7 (86) 4 (15)
Disability pension 3.7 (444) 7 (152)
Early retirement 6.3 (766) 3 (297)
Age pension 42.8 (5209) 49.5 (2028)
Other 1.1 (137) 1(47)
Administrative region, % (n)
Capital Region 27.7 (3367) 27.6 (1131)
Region Zealand 13.0 (1578) 13.1 (5635)
Region of Southern Denmark 21.8 (2654) 25.2 (1030)
Central Denmark Region 25.4 (3085) 24.9 (1021)
North Denmark Region 12.2 (1478) 2 (376)
Number of comorbidities*, % (n)
0 38.2 (4367) 39.7 (1533)
1 35.7 (4076) 35.1 (1358)
2 17.3(1979) 16.8 (649)
3 or more 8.8 (1.006) 4 (326)
Symptom duration (months), 24 (7-60) 24 (8-48)
median (IQR)
Pain intensity (VAS 0-100, best 48.6 (22.0) 47.6 (21.7)
to worst), mean (SD)
Bilateral symptoms, % (n) 46.3 (5614)  26.1 (1064)
Walk speedt (m/s), mean (SD)  1.49 (0.33) 1.49 (0.34)
Continued

Table 1 Continued

Knee Hip
(n: 12162) (n: 4093)

Previous surgery in worst jointf, 30.7 (3725) 4.0 (161)
% (n)

Use of pain medication§ (yes), % (n)

Overall 61.3 (7431) 64.2 (2629)
Paracetamol 49.9 (6073) 53.3 (2184)
NSAIDs 35.6 (4325) 34.6 (1419)
Opioids 7.1 (868) 0 (367)
KOOS/HOOS QOLY (0-100, 452 (14.7)  47.4 (15.1)

best to worst), mean (SD)

Missing values: BMI n: 5 (knee), n: 7 (hip); number of comorbidities
n: 711 (knee), n: 215 (hip); symptom duration (mainly missing due
to technical problems): n: 3.157 (knee), n: 1096 (hip); pain intensity:
n: 23 (knee), n: 9 (hip); bilateral symptoms: n: 32 (knee), n: 20 (hip);
walk speed: n: 610 (knee), n: 221 (hip); KOOS/HOOS QOL: n: 36
(knee), n: 21 (hip).

*Number of comorbidities calculated from self-report of the
following conditions: hypertension, cardiovascular diseases, lung
diseases, diabetes, stomach diseases, liver or kidney diseases,
blood diseases, cancer, depression, rheumatoid arthritis,
neurological disorders, other medical diseases.

TWalking speed was assessed with the 40 m fast-paces walk test
under instruction of the GLA:D therapist.

FSelf-reported previous surgery in worst joint.

§Self-reported use of pain medication during last 3 months.
YIKOOS or HOOS Quiality of Life sub-scale score.

BMI, body mass index; GLA:D, Good Life with osteoArthritis in
Denmark; HOOS, Hip disability and Osteoarthritis Outcome Score;
KOQOS, Knee injury and Osteoarthritis Outcome Score; NSAIDs,
Non-Steoridal Anti-Inflammatory Drugs; QOL, quality of life; VAS,
visual analogue scale.

These results support large-scale implementation of
GLA:D in clinical practice.

To the best of our knowledge, this is the first study eval-
uating the cost-effectiveness of a combined supervised
OA education and exercise therapy programme with
widespread implementation in primary care. Previous
analyses of the GLA:D programme, but with twice the
number of supervised neuromuscular exercise sessions,
weight loss, insoles and pain medication if needed, have
found similar results.'” *' A model-based study suggested
that exercise therapy and education was cost-effective
as compared with usual care for patients with knee or
hip OA in Canada,” while an analysis of results from a
randomised trial comparing supervised exercise therapy,
education and other recommended non-surgical inter-
ventions to written advice in patients with moderate to
severe knee OA found the intervention to be cost-effective
with incremental cost effectiveness ratios of 6229 to 20
688€/QALY." Even though our study is a pre—post study
and therefore not directly comparable, our findings are
also in line with other previous studies which have indi-
cated that supervised exercise therapy alone as treatment
for OA is cost-effective. Three randomised trials demon-
strated that supervised exercise therapy in addition to
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Figure 2 Adjusted healthcare costs and home care costs 1 year prior to and up to 3 years following GLA:D for knee and hip
patients. Adjusted health care costs and costs for home care in 3-year horizon for women, 65 years, married/coliving and low
education estimated using a generalised estimating equation gamma regression model for repeated measures including sex,
age and education. Because of no convergence in the model, age and education were omitted estimating costs for home care.

GLA:D, Good Life with osteoArthritis in Denmark.

usual care, supplementary class-based exercise in addi-
tion to a home-based programme and supervised exercise
therapy compared with general practitioner care alone
was likely to be cost-effective in people with knee and/
or hip OA.**™ Also, a model-based study estimated that
adding the combination of diet and exercise therapy to
usual care for overweight and obese patients with knee
OA was cost-effective.” Our study adds to this body of
evidence, that large-scale implementation in clinical
practice of a structured combined supervised education
and exercise therapy programme seems cost-effective in
a l-year horizon.

In this study, the increased healthcare costs both 1 and 3
years after entering the GLA:D programme were primarily
related to surgeries in the knee or hip. According to a
stepwise treatment approach, joint replacement surgery
is considered to be relevant in patients with end-stage OA
once all appropriate non-surgical treatment options such
as patient education and supervised exercise therapy of

sufficient dose and length, weight loss, walking aids and
pain medication have failed to reduce symptoms suffi-
ciently.” ¥ Existing evidence indicates that providing
supervised exercise therapy can have positive impact
on the number of patients having joint replacement
surgery,®™ time to surgery” * and outcomes from
surgery."' Ackerman et alconducted a budget impact anal-
ysis of implementing a first-line management programme
such as GLA:D in Australia and demonstrated that if total
knee replacement was avoided in only 1 in 12 GLA:D
participants, the programme would generate cost savings
in the Australian healthcare system.* Although the lack
of control group in the current study precludes analyses
of avoidance of joint replacements, it highlights that
regardless of surgery during follow-up, supervised educa-
tion and exercise therapy is cost-effective.

As aresult of similar change in EQ-5D, but lower change
in healthcare costs, healthcare costs per QALY were lower
in patients compliant to the intervention (ie, attending

Grenne DT, et al. BMJ Open 2021;11:¢049541. doi:10.1136/bmjopen-2021-049541

7

"ybuAdoo Aq paroalold 1senb Aq #7202 ‘6T [Mdy uo jwodfwqg uadolway/:dny wouy papeojumod TZ0Z loquadad £T Uo TH#S610-TZ0z-uadolwag/9eTT 0T Se paysiignd 1si1y :uado CING


http://bmjopen.bmj.com/

)
7
o
3]
3]
®©
c
[
o

o

BMJ Open: first published as 10.1136/bmjopen-2021-049541 on 13 December 2021. Downloaded from http://bmjopen.bmj.com/ on April 19, 2024 by guest. Protected by copyright.

SJBWUSQ Ul SHUYUY0SISO YLIM 8417 Po0oY ‘Q:v 19

‘uoieonpa pue abe ‘xas :,uoleljiqeysy, ‘ebe : uswalnal Ajyes, {uoieonpa pue xas :,uoisuad Ayjigesiq, {uoneonpa pue xas : juswAiojdwa

PaJ8}|ays, :PORILIO SJaM SB1BIIEAOD BUIMO||0} ‘|OpOoW 8y} Ul 82UsBISAUOD OU JO 8snedag 'SejelleAOD SE UOoljeonpa pue abke ‘xas Buipn|oul seinseaw pajyesadal 1o} [opow uoissaibal ewweb uonenbs
Bunewiss pasiiessusb e Buisn pajew}ss uoljeonps MO| pue SIeak GG ‘UsWoMm 1o} Uozuoy Jesh-¢ ul sjuswAed Jsysuel) oljgnd Buiaigoal syeem palsn(py ‘uoifal pue uolednps ‘Alo1uyls ‘sniels [ejlew
‘ebe :,uolreonp3, ‘uoibai pue uoledonps ‘AdIuyle ‘sniels |epew ‘ebe :uonel|igeyay, ‘uoibal pue uoieonpa ‘ANoIUY1S ‘SNielS [BIUBW ‘X8S : Judwali}al AJes, :paliWo aiom Sajelenod Bulmo)|o} ‘[spow
8y} Ul 9ousbIBAUOD OU JO 8snedaq "SalelieA0d se uoibal pue uoljeonps ‘AloIUyle ‘sniels [epiew ‘abe ‘xas Buipnjoul seinseaw pajyeadal 1oy [opow uoissaibal ewweb uoenbs Bujewise pasiielssushb

e Buisn pajewiss uoibsy [eude) ayy ul BuiAl pue uoieonps Mo ‘Aldluyis ysiueq ‘Buinljod/paluiew ‘sieah GG ‘Uswom Jo) Uozioy Jeahi-| ul sjuswAed usjsuel) olignd Buinleoas syeam paisnipyt

abe :Juswallal Alie3, ‘uoneonpa pue xas :uoisuad Ayjigesiq, ‘uoieonpa

pue xas :,jJuswAiojdws pais)sys, :PajHWO SI9M SajelieA0d BUIMO||0) ‘|Spow 8y} Ul 8oUaBISAUO0D OU JO 8shedaq "SalelieA0d Se Uuol1eonps pue abe ‘xas Bulpnjoul seinsesw pajeada. U0} [spow uoissalbal
ewweb uonenbs Buirewise pasijessush e Buisn pajewlse uoieonps Mo| pue SJieaA GG ‘Uswom J0} UozLIoY JeaA-g ul sjuswAed usjsuel) oliqnd BulAleoal syeam pajsnipy ‘uolesnps pue Aloluyle ‘snieis
lelew ‘ebe : ,uoiyeonp3, ‘uoeonps pue ANoluyle ‘sniels [ejuew ‘ebe : uolieyl|iqeysy, ‘uoibal pue uoniednps ‘ALoIUYIS ‘Sniels [elewl ‘Xas : juswaililel Alieq, :papiwo a1om Sa1eleA0D Buimo)|o) [epowl
8y} Ul 9ousbIBAUOD OU JO 8snedaq "salelieA0d se uoibal pue uojeonps ‘AloIUyle ‘sniels [epiew ‘abe ‘xas Buipnjoul seinseaw pajyeadal 1oy [opow uoissaibal ewweb uoenbs Bujewise pasijelsushb

e Buisn pajewiss uoibsy [eude) ayy ul Buiall pue uoieonps Mo| ‘AHdIuyie ysiueq ‘Buinljod/paliew ‘sieah GG ‘Uswom Joy uoziioy Jeahk | ul sjuswAed Jsjsued) olignd Buinieoas syeam paisnipy,

6120 b2 cero L00L 00070 PSEL c0'6 0000 850 000°0 850 0000 690 1¥°0 Juswaunes Aes
LLLO 62'€ €290 99°'¢ 1050 c6'e I8¢ 12v°0 120 c0S°0 120 ¥92°0 920 620 uoisuad Aujigesiq
€810 cko 86G°0 020 €660 020 120 1550 100 65990 100 (X 40) 100 100 uoieonp3y
0000 S 40) 0000 610 0000 900 ¥0°0 ci8'0 000 L0t°0 000 c020 100 000 uoneyjiqeysy
€060 ce L 1960 Lk 12€0 00¢ 8¢c’L €000 SL0 1000 9L'0 2800 Lo 0L0 Aed xoi19
199°0 L YARA] 0S't ZLL0 08’ c6'L 0.0 0+0 9160 0+0 8510 0L0 0L'0  uswhojdwse paislays
¢/9°0 06'¢ G980 0c’e 0€2°0 9G°'¢ 9e'e Geceo 020 60€°0 020 0¥S’0 610 610 pakojdwaun
JsjuswAed usysuel olgnd

(p9g :u) @s10pji0m Ul syuaned diy (epS 1 :u) @210pp0Mm Ul syuaned diH
¥S€°0 'S 1200 c0’. 00070 Se'.L 909 0000 90 000°0 90 0000 9’0 1€°0 Juswaunes Aes
9960 009 19%°0 16°G 696°0 209 209 9€10 ¥20 6520 €20 9000 ¥20 €20 uoisuad Aujigesiq
166°0 020 0690 €20 1060 810 020 0420 000 0S6°0 100 9€1L0 000 100 uoieonp3y

LEL0 900 096°0 60°0 L1070 €00 600 L0¥°0 100 ¥61°0 100 ¥S2°0 100 100
1020 9Lt 6820 120" §62°0 0L} VA" 6200 SO0 910 4% 0000 9L'0 Lo Aed so1g
cci’o 8.} 1290 69'} 10670 69’ 19" 2860 0F0 1960 0F0 6560 0L0 0L'0  uswhojdwse paselays
€020 cee 986°0 Lge €0 c8'e 0s'€ 00070 120 1000 120 0000 920 ¥20 pakojdwaun

SiswAed Jsjsuely oljgqnd

(506 :u) @2.10p110M Ul sjuaed asuy| (9866 :u) @o40p140M Ul sjuaned aauy

anjea d Jeak  anjea d Jeak  anjend Jeak Jeak  anjea d yuow  anjea d yuow anjea d yuow yuow

/S99 /SM99M /S99 /SH99M /SH99M /SH99M /S¥99M /SM99M

(¢ 1e9A) (2 1e9A) (1L 1e9A) (1eoh 1) (1 1e3A) (21— syjluow) (e-1 syjuow) (1eoh )

pouadisod pouadisod pouadisod pouadaid pouadisod pouadisod pouadisod pouadaid

uozuoy Jeak-aauy uozuioy Jeak-auQ

sjuaied diy pue 8suy 10} Q:v 15 BuImo||o) siesh ¢ Jo | pue 0} Joud Jeah | sjuswAed Jeysued) olgnd pasnipy g @jqeL

Grgnne DT, et al. BMJ Open 2021;11:2049541. doi:10.1136/bmjopen-2021-049541


http://bmjopen.bmj.com/

Table 3 Change in health-related quality of life from baseline to 12 months for knee and hip patients attending GLA:D

Knee (n: 12 162) Hip (n: 4093)
Preperiod QALY Composite Preperiod QALY Composite
(baseline 3 months 12 months postperiod (baseline 3 months 12 months postperiod
EQ-5D) EQ-5D* EQ-5D* QALYt EQ-5D) EQ-5D* EQ-5D* QALYt
Mean 0.711 0.752 0.756 0.748 0.705 0.733 0.747 0.735
SD 0.113 0.121 0.134 0.107 0.110 0.127 0.144 0.108

*Missing observations for EQ-5D at 3 and 12 months were imputed by Multiple Imputations.
TOne-year postperiod QALY was calculated as the area under the curve taking both 3-month and 12-month measurements into account.
EQ-5D, EuroQoL 5-Dimensions 5-Level questionnaire; GLA:D, Good Life with osteoArthritis in Denmark; QALY, Quality-Adjusted Life Year.

at least 10 supervised exercise sessions) compared with
all patients enrolled in the programme, indicating that
the dosage of exercise therapy is important. Although
we did not find that higher compliance was associated
with greater effects on the EQ-5D, the lower change in
healthcare costs in the compliant patients underlines the
importance of exercise dosage as suggested by a system-
atic review and meta-regression analysis of 48 randomised
controlled trials in patients with knee OA showing that
12 or more supervised exercise sessions are more effec-
tive than fewer supervised sessions,” and a systematic
review and meta-analysis in patients with hip OA showing
that supervised exercise therapy with high compliance
with dose recommendations compared with uncertain
compliance (studies where compliance was not possible
to categorise according to recommendations) was more
effective.** Although dosage seems important for the
effect and cost-effectiveness, knowledge of optimal exer-
cise dosage in OA is still lacking.”** **

As there is no official threshold defining a cost-effective
treatment in Denmark, we compared the healthcare costs
per QALY to two different internationally widely used
willingness-to-pay thresholds. Although the estimated
healthcare costs per QALY for both knee and hip patients
were below both of the two thresholds, the upper limit

of the 95% CI for hip patients was in between the two
thresholds, thus we cannot rule out that the true health-
care costs per QALY for hip patients is above the lower
willingness-to-pay threshold (22 804€). A threshold value
for willingness-to-pay for improvements in health is arbi-
trary and depending on the context such as budget and
other treatment options.”® Country-level threshold value
based on GDP per capita has been discussed but remains
unsettled.”® When deciding which treatment options
to implement and offer, the results from this study can
support clinicians and decision-makers in terms of 1-year
cost-effectiveness of supervised education and exercise
therapy implemented nationwide for patients with knee
and hip OA in clinical practice.

Strengths and limitations

The major strength of the study is that all costs reported
are real-life costs retrieved on an individual level from a
range of high-quality national registries supporting the
reliability and validity of the costs.” ¥ * Even though it
is likely that a higher level of heterogeneity in treatment
protocols occurred compared with in rigorous clinical
trials, another major strength is that the study included
a large number of rural and urban patients with wide
inclusion criteria; joint pain and functional limitations

Table 4 Adjusted and raw estimated healthcare costs per QALY from baseline to 12 months for all knee and hip patients
attending GLA:D and for knee and hip patients with high compliance

Knee Hip

Change in Change in

healthcare Change in EQ- healthcare Change in EQ-5D

costs (€) 5D (QALYs) Euro pr. QALY costs (€) (QALYs) Euro pr. QALY

(95% CI) (95% CI)* (95% CI)* (95% CI) (95% CI)* (95% CI)*
Adjustedt 298 0.035 8497 640 0.028 22 568

(206 to 419) (0.033 t0 0.037) (6242 to 11324) (400 to 1009) (0.025t0 0.032) (16000 to 31531)
Unadjusted 895 0.037 24 236 2162 0.030 71478

(719 to 1088) (1723 to 2671)
High 197 0.036 5438 492 0.028 17 330
compliancett (91 to 360) (0.033 10 0.039) (2758 t0 9231) (241 to 969) (0.024 t0 0.033) (10041 to 29364)

*Cl not generated from the MI.

TAdjusted for age, gender, marital status, ethnicity, educational level and region.
FHigh compliance group defined as patients attending minimum 10 supervised exercise sessions.
EQ-5D, EuroQoL 5-Dimensions 5-Level questionnaire; GLA:D, Good Life with osteoArthritis in Denmark; Ml, Multiple Imputations; QALY,

Quality-Adjusted Life Year.
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associated with OA, retrieved from a nationwide registry
supporting the generalisability of the findings.

The main limitation of the study is that the study is a
pre—post study where change in healthcare costs was eval-
uated against change in EQ-5D. Without a proper control
group, it cannot be ruled out that the observed change
in EQ-5D is related to other factors than the treatment
such as placebo or regression to the mean. In the analysis,
EQ-5D measured at baseline represented the QOL the
year prior to the intervention, but there is a risk that the
change in QOL were overestimated as patients often seek
treatment at time of worsening of symptoms. Also, change
in costs can potentially have been affected by increasing
age, since healthcare costs are expected to increase with
increased age and accompanied morbidity.” As a conse-
quence of lack of model convergence marital status and
ethnicity was omitted as covariates in the adjusted model
evaluating the costs for home care estimating change in
costs per QALY gained in a 1-year horizon. As costs related
to home care comprises a rather small proportion of the
total costs it is not considered to affect the main result.

In the current study, healthcare costs per QALY was
evaluated in a l-year horizon and additionally change in
costs were reported in a 3-year horizon. OA is a long-term
chronic condition,?’6 thus evaluating cost-effectiveness
in a l-year horizon is a relatively short time horizon
warranting further long-term cost-effective analyses.
However, a recent model-based cost-effectiveness analysis
suggested that a physical activity programme for patients
with knee OA would lead to favourable long-term clinical
and economic benefits.”

Only around 60% of the costs covering the programme
for most patients attending GLA:D in private physio-
therapy clinics were taken into account in the analyses,
that is, patients out-of-pocket costs and costs covering
the programme in municipal settings as well as medica-
tions bought over the counter were not included. As the
increase in costs in the primary healthcare sector and in
costs covering medications the first year following index
date only constitute a very low proportion of the increased
costs in total, this limitation is not considered to substan-
tially affect the overall results.

There was a loss to follow-up in the GLA:D registry and
conducting a sensitivity analysis restricted to patients with
complete information revealed that they had less mean
change in healthcare costs than all included patients,
indicating a risk of selective loss to follow-up in the GLA:D
registry, however, the evaluation on healthcare costs per
QALY included all patients enrolled in GLA:D, imputing
the missing outcome values at follow-up. Imputing missing
outcome values relied on the assumption that data were
missing at random, that is, the missingness was related to
variables included in the model. However, there is a risk
that loss to follow-up was related to unobserved factors
not available for the analysis (eg, good or bad outcome
from the GLA:D programme). One-third did not provide
information on compliance and there is a risk that lower
change in healthcare costs in the subgroup of patients

with high compliance is affected by selection bias, that is,
that the lower change in healthcare costs could be due to
systematically differences in the use of healthcare services
between those providing and not providing informa-
tion about compliance rather than due to the interven-
tion. However, we did not find clinically relevant health
status differences at baseline among those not providing
information on compliance compared with those who
provided this information (data not shown).

The current study is based on real-world outcome
data collected in nationwide physiotherapy clinics and
actual healthcare costs retrieved from national registries,
supporting the generalisability of the results. However,
patients attending GLA:D are a preselected group of
patients who are commonly referred to physiotherapy for
their symptoms with most being able to pay partly for the
intervention, which might limit the generalisability.

CONCLUSIONS

A structured 8-week supervised education and exercise
therapy programme delivered in physiotherapy practice
was cost-effective at 1 year in patients with knee and hip
OA compared with conventional willingness-to-pay thresh-
olds except the upper limit of the 95% CI for hip patients
which was in between two thresholds. Both health-related
QOL and healthcare costs increased during the 1 year time
horizon, the latter mainly due to knee or hip surgeries.
The results support large-scale implementation of a struc-
tured supervised evidence-based patient education and
exercise therapy programme targeting patients with knee
or hip OA and can guide clinicians and decision-makers
on what to expect when such programmes are imple-
mented in clinical practice.
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