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Objective. To evaluate the cost-effectiveness of telehealth-delivered exercise and diet-plus-exercise programs
within 12 months.

Methods. An economic evaluation within a 12-month, 3-arm, parallel randomized trial of two 6-month telehealth-
delivered exercise programs, with and without a dietary component. A total of 415 people with knee osteoarthritis ages
45–80 years and body mass index of 28–40 kg/m2 were assigned to 1 of 2 telehealth-delivered exercise programs,
1 without (n = 172) and 1 with (n = 175) a dietary component (ketogenic very low calorie diet), or to an education control
(n = 67), for 6 months, with 6 months follow-up. The primary economic outcomes were quality-adjusted life years
(QALYs) and health system costs. Measured costs were the direct intervention (consultations, equipment/resources,
and meal replacements) and health care use in 2020 Australian dollars ($AU1.5 = $US1). Secondary analysis included
weight loss and work productivity gains.

Results. The clinical trial demonstrated greater improvements in pain and function compared to information
only for individuals with knee osteoarthritis and overweight/obesity. We can be 88% confident that diet plus exer-
cise is cost effective ($45,500 per QALY), 53% confident that exercise is cost-effective ($67,600 per QALY) com-
pared to the control, and 86% confident that augmenting exercise with the diet program is cost effective
($21,100 per QALY).

Conclusion. Telehealth-delivered programs targeting exercise with dietary intervention for people with knee oste-
oarthritis who have overweight/obesity are likely to be cost-effective, particularly if potential long-term gains from
weight loss and work productivity are realized.

INTRODUCTION

Osteoarthritis (OA), commonly affecting the knee joint, is a

major and increasing global public health issue. It is the leading

cause of disability among older adults in higher income countries

such as the US (1,2) and increasingly in middle-to-lower income

countries (3) resulting in a significant burden not only on quality

of life but also on health care costs and economic activity. Estima-

tions have been made that the total arthritis-attributable medical

care expenditures and earnings losses were $303.5 billion or 1%

of the 2013 US gross domestic product, demonstrating the high

personal and societal impacts of OA (4). Those with obesity and

OA are more likely to have activity and work limitations, report

depression and anxiety, and have an increased risk of expensive

knee replacement surgery (5). Exercise and weight management

are recommended as core treatments by knee OA clinical guide-

lines (6,7). Despite the known health benefits of being physically

active andmaintaining a healthy weight, most adults with OA ages

≥65 years are physically inactive (8,9) with a high prevalence of

obesity (10).
There is substantial evidence showing that exercise reduces

pain, increases function and improves the quality of life among
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people with knee OA (11–13). There is also evidence that com-

bined diet and exercise treatments improve pain and physical

function in people with knee OA and overweight/obesity (14), but

only 2 studies have allowed the additive benefits of dietary weight

loss to exercise to be determined (15,16). In the IDEA trial (16),

participants undertaking diet plus exercise experienced greater

reduction in pain and physical dysfunction, and greater improve-

ment in quality of life (23% of an SD on the physical health domain

of the Short Form 36 measure) after 18 months compared to

those undertaking exercise alone. Furthermore, few randomized

controlled trials (RCTs) in knee OA have investigated exercise

and diet interventions delivered by health professionals using

telehealth (17–19). We recently reported the clinical results of the

Better Knee, Better Me RCT, whereby two 6-month telehealth-

delivered (via videoconference) exercise programs, 1 with and

the other without a dietary weight loss program, led to significantly

greater improvements in knee pain and function than an informa-

tion control group, with modest additional benefits of combined

diet and exercise over exercise alone (20). The combined group

also lost an average of 10% of body weight and had reduced

use of pain medication compared to both other groups.
Effective programs to increase exercise and reduce weight

involve a considerable investment by patients and the health care
system, and an important question is whether the gains to
patients offer a good return on that investment. Based in part on
evidence from the IDEA trial, a modeled evaluation found that with
a threshold willingness-to-pay per quality-adjusted life year
(QALY) of $US50,000, the combined diet-plus-exercise interven-
tion had a 58% probability of being cost effective compared to a
control (21). Limited direct RCT evidence exists on the cost-
effectiveness of exercise and diet interventions delivered sepa-
rately by telehealth (19,22), and none on the cost-effectiveness
of combined diet and exercise telehealth interventions in knee
OA. In this study, we estimated the 12-month cost-effectiveness,
from a health system perspective, of 2 telehealth-delivered

programs to insured people in the community with knee OA and
overweight or obesity within the Better Knee, Better Me pragmatic
RCT (20).

PATIENTS AND METHODS

Participants. A total of 415 people with knee OA and over-
weight or obesity (body mass index [BMI] 28–40 kg/m2) who were
members of an Australian private health insurance fund
(Medibank) were randomized in a 12-month 3-arm participant-
unblinded parallel-design trial. Recruitment occurred between
August 6, 2018 and February 29, 2020, with follow-up completed
March 3, 2021. Details of eligibility, trial design, interventions, and
processes are in the published protocol (23) and trial findings
in the clinical article (20). Briefly, we recruited participants ages
45–80 years with chronic knee pain consistent with a clinical OA
diagnosis (24), and who had knee pain most days for ≥3 months
and average knee pain severity ≥4 on an 11-point numerical rating
scale in the previous week (0 = no pain, 10 = worst pain possible).

Program component interventions. Participants in the
control group and in both programs received access to a website
containing: 1) information about OA, treatment options, exercise/
physical activity, weight loss, managing pain, sleep, and “success
stories” and 2) links to external websites for further information.
The directed information was therefore at least as extensive as
might be available in practice. The 2 interventions were based on
best-practice recommendations for management of knee OA
(24,25) and obesity (26,27) and underpinned by the chronic care
model (28) and the information-motivation-behavioral skills theo-
retical model (29). The 6-month exercise program comprised
6 videoconferencing consultations with a physical therapist for a
codeveloped home exercise program and physical activity plan,
self-management advice, and behavioral counseling, plus exer-
cise equipment and printed resources, supported by a website.
The 6-month diet-plus-exercise program additionally included
6 videoconferencing consultations with a dietitian to support the
participant to lose at least 10% of their body weight (17) via a
ketogenic very low calorie diet (2 formulated meal replacements
and 1 low-carbohydrate meal daily before transitioning to a
healthy eating plan) with printed dietary and behavioral resources,
supported by a website. The trial was in a real-world setting with
no restrictions on prospective treatments or usual care.

Economic perspective. The primary analysis was a cost-
utility analysis (the between-group ratio of cost differences to dif-
ferences in health-related quality of life). The analysis takes a
health system perspective on costs and outcomes and does not
include other personal costs or outcomes nor any effects of treat-
ment beyond 12 months.

Gains may exist beyond health, for example in paid work
hours and related income and taxes. Secondary analyses

SIGNIFICANCE & INNOVATIONS
• Programs to improve quality of life through exer-

cise and weight reduction involve a considerable
investment by patients and the health care system,
and an important question is whether the gains to
patients offer a good return on that investment for
patients and insurers.

• This is the first study to demonstrate within a ran-
domized trial that intensive diet and exercise pro-
grams delivered by telehealth are likely to offer
economic value to patients and insurers.

• The findings show that augmenting a telehealth
delivered exercise program with dietary weight loss
is likely to offer value for money in the treatment of
osteoarthritis and may offer wider gains to patients
in weight loss and enhanced paid work.
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included the calculation of between-group differences in self-
reported hours worked and productivity while at work. To avoid
the risk of double counting individual benefits, we analyzed the
incremental cost per quality-adjusted life year (QALY), the incre-
mental cost per person with substantial (10%) weight loss, and
the money value of labor market gains separately.

Outcome measures. QALYs during the trial were derived
from the Assessment of Quality of Life instrument (AQoL-8D) at
6 and 12 months using the trapezoid method. The AQoL-8D is a
validated preference-based measure of quality of life on a 0–1
scale (0 = death, 1 = perfect health), with ratio properties such
that equal absolute increments have equal value everywhere on
the scale (30). This instrument is therefore suitable as a multi-
attribute utility scale for the calculation of QALYs.

Costs. The cost of the programs was calculated as the num-
ber of sessions by physical therapists and dietitians at typical fees
charged and the cost of equipment/resources (Fitbit, exercise
bands, booklets, and postage), meal replacements, and a portion
plate. The cost of health care–related resource use (hospital inpa-
tient, prescription and nonprescription medications, and medical
and health services) was collected via custom surveys at baseline
and at 6 and 12 months and valued at current published prices.
Participants were asked to recall all types of health care provided,
and the number of sessions attended as well as all medications in
the previous 6 months (not just those related to OA). Health care
services were valued using published prices for medical and diag-
nostic costs (31), prescription pharmaceuticals (32), nonprescrip-
tion pharmaceuticals (33), and hospital unit costs (34). We
included some small material costs in direct treatment costs but
excluded fixed costs such as the training costs for the clinicians
($5,000) and technology setup costs, as this calculation would
be very small per person in practice. The unit costs for the pro-
gram components are described in detail in Supplementary
Appendix A, section 1, and Supplementary Table 1, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25022. All costs were measured in
Australian dollars (2020 $A1.5 = $US1).

Statistical analysis. The primary analysis calculated the
between-group mean differences in cumulative costs (direct pro-
gram and health care costs) and QALYs at 12 months, based on
a preplanned analysis (23) with missing data replaced by multiple
imputation (chained predictive mean matching using linear
regression with the 5 nearest neighbors and 20 imputed data
sets, adjusted for baseline outcome values and a history of knee
surgery). The cost-effectiveness ratios (between-group ratio of
cost differences to QALY differences) were then compared to a
threshold willingness-to-pay for a QALY with bootstrapped 95%
confidence intervals (95% CIs) and P values calculated using the
percentile method (35). Details of the adjustments for uncertainty

due to missing data and the sampling of costs and outcomes are
given in Supplementary Appendix A, section 2, and Supplementary
Figure 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25022). As an aid
to interpretation, the cost-effectiveness ratios were recalculated
as the mean net monetary benefit (QALY difference times the
social willingness-to-pay for a QALY, minus the difference in
cost) (36). The initial assumed threshold maximum social
willingness-to-pay for a QALY of $70,000 (US$47,000) was
based on the likelihood of previous public reimbursements of
medical technologies and surveys (37,38). As there is no agree-
ment on the value for this threshold or the method to estimate it
(39–41), we varied the threshold and calculated and plotted
acceptability curves as 1 minus the 1-sided P values at which
the program would have positive net monetary benefits (the per-
centage of bootstrap replicates with positive net benefits) over a
range of values for the willingness-to-pay for a QALY (42). We
present the bootstrap replicates of the cost-effectiveness
results in graphical format and the acceptability curves for each
program compared to the control. This procedure allows us
to consider the programs from a decision perspective and
estimate our confidence in the results, given sampling uncer-
tainty, imputation uncertainty, and uncertainty over the cost per
QALY threshold.

In the secondary analyses, we replaced the outcome of
QALYs with a binary indicator of whether or not the participant
had lost at least 10% of self-reported weight at 12 months com-
pared to baseline (Supplementary Appendix A, section 3, and
Supplementary Figure 2, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25022) (43) and calculated the incremental mean cost per
additional person with substantial weight loss compared to the
control. We also estimated the difference in the probability of
being in paid employment, hours worked per month, and per-
ceived productivity at work collected from the self-reported World
Health Organization Health and Work Performance Questionnaire
(44) (Supplementary Appendix A, section 4, and Supplementary
Tables 2 and 3, available at http://onlinelibrary.wiley.com/doi/
10.1002/acr.25022).

As robustness checks, we (1) calculated the net benefits of
each intervention using the direct program costs only; (2) calculated
the incremental cost per QALY for adjusted analyses for unbal-
anced factors at baseline, including sex and age (Supplementary
Appendix A, section 5, and Supplementary Figure 3 and Supple-
mentary Table 4, available on the Arthritis Care & Researchwebsite
at http://onlinelibrary.wiley.com/doi/10.1002/acr.25022); (3) per-
formed completers-only analyses (Supplementary Appendix A,
section 6, and Supplementary Table 5); (4) included knee surgery
costs for 2 years after trial commencement (Supplementary
Appendix A, section 7, and Supplementary Table 6); (5) presented
results with hypothetical full compliance by estimating complier
average causal effects for intervention groups separately
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(Supplementary Appendix A, section 8, and Supplementary
Table 7); and (6) replaced the QALY outcome with binary indicators
if the individual achieved a change that was at least as great as a
predefined minimum clinically significant difference (MCID) in a pain
score and measure of physical function and calculated the cost per
person achieving each MCID at 12 months (Supplementary
Appendix A, section 9, and Supplementary Tables 8 and 9) and
assessed the extent of attrition bias (Supplementary Appendix A,
section 10).

RESULTS

Sample characteristics. Full details of the sample charac-
teristics are given in the published clinical trial results (20). Table 1
shows the baseline economic-related characteristics of the sam-
ple. Participants had a low quality of life (mean 0.69) compared
to the general population (mean 0.82 at age 65–74 years) (45),
and had considerable health care costs in the previous 6 months
across a range of health services (mean ± SD $1,500 ± $2,900).

Health care costs in the 6 months prior to the trial were somewhat
lower in the control group, which also had a higher proportion of
females than the intervention groups.

Primary analysis. Table 2 shows the mean direct program
and health care costs along with quality of life at baseline and
follow-up at 6 and 12 months. When adjusted for baseline and
prior knee surgery, those in both programs experienced, on aver-
age, a small but statistically significant improvement in the quality
of life compared to the control (Table 3). Compared to the control,
the larger gain in QALYs was with diet plus exercise 0.05 (95% CI
0.03, 0.07). This program cost $1,746 more to implement than
the exercise program, largely because of the cost of the meal
replacements. The exercise group had comparatively low direct
program costs but high average health care costs during the
12 months, with considerable variation between participants even
after adjustment for baseline. The variation in health costs was in
large part due to inpatient episodes (22% of the sample were

Table 1. Baseline characteristics of participants by group*

Characteristic Control (n = 67)† Exercise (n = 172) Diet + exercise (n = 175)

Female, no. (%) 45 (67.2) 93 (54.1) 89 (50.9)
AQoL-8D 0.68 ± 0.14 0.69 ± 0.17 0.70 ± 0.16)
Employment status, no. (%)
Work full-time 20 (29.9) 64 (37.2) 68 (38.9)
Work part-time 12 (17.9) 27 (15.7) 30 (17.1)
Unable to work due to health reasons 0 (0.0) 3 (1.7) 5 (2.9)
Retired (not due to health reasons) 35 (52.2) 74 (43.0) 69 (39.4)
Unemployed/not employed 0 (0.0) 4 (2.3) 3 (1.7)

Hours worked in last month if employed 124 ± 58 119 ± 75 136 ± 76
Work performance‡ 8.2 ± 1.1 7.8 ± 1.9 8.1 ± 1.2
Health care costs last 6 months, $
Hospital inpatient 581 ± 2429 830 ± 2,724 838.1 ± 2,724
Hospital outpatient 36 ± 106 47 ± 161 36 ± 94
Medical 183 ± 199 214 ± 228 184 ± 187
Prescription pharmaceuticals 214 ± 244 247 ± 245 204 ± 228
Over-the-counter pharmaceuticals 62 ± 77 61 ± 87 60 ± 88
Investigations 102 ± 195 144 ± 236 135 ± 256
Other health professionals 179 ± 327 134 ± 196 141 ± 209

Total health care costs last 6 months, $ 1,356 ± 2,635 1,678 ± 3,215 1,598 ± 2,979

* Values are the mean ± SD unless indicated otherwise. AQoL-8D = Assessment of Quality of Life instrument (range
0–1.0; higher scores indicate better quality of life).
† One participant withdrew all their study data.
‡ Participant self-rated work performance with 0 = your performance equivalent to the worst job performance any-
one could have at your job and 10 = best job performance.

Table 2. Outcome measures at each time period, by group using multiple imputed data*

6 months 12 months

Outcome
Control
(n = 67)

Exercise
(n = 172)

Diet + exercise
(n = 175)

Control
(n = 67)

Exercise
(n = 172)

Diet + exercise
(n = 175)

Quality of life (AQoL-8D) 0.71 ± 0.16 0.76 ± 0.16 0.79 ± 0.16 0.72 ± 0.15 0.75 ± 0.17 0.78 ± 0.16
Total health care costs, $ 1074 ± 1,460 1,906 ± 4,077 1,378 ± 2,723 2,277 ± 3,385 2,710 ± 5,302 1,972 ± 4,592
Inpatient cost, $ 201 ± 1,179 1,033 ± 3,674 516 ± 2,538 1,453 ± 3,187 1,764 ± 4,927 1,198 ± 4,146
Direct program cost, $ – 573 ± 175 2,319 ± 507 – – –

* Values are the mean ± SD. AQoL-8D = Assessment of Quality of Life instrument (range 0–1.0; higher scores indicate better quality of life).
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admitted to the hospital in the 12 months), each of which cost
over $2,000.

Augmenting the exercise program with a dietary weight-loss
component added considerably to the direct cost, but with a
small increase in QALYs (0.02), such that the direct cost per
QALY was $75,700 (95% CI 44,300, 337,700) compared to exer-
cise alone. When we included all health care costs in 12 months,
the adjusted average cost per QALY gained was $67,600
(95% CI –3,000, 418,300) for exercise versus the control,
$45,500 (95% CI 14,400, 95,200) for diet plus exercise versus
the control, and $21,100 (95% CI –43,700, 162,200) for diet plus
exercise versus exercise (Table 4).

Figure 1 plots the bootstrap replicates of the incremental
total cost per QALY for each group, and Figure 2 shows the
acceptability curve (the 1-sided 1-minus-P value against a range
of thresholds that we interpreted as our confidence of the pro-
gram being cost effective (positive net benefits). At a $70,000
threshold, our confidence in net benefits was 53% for exercise
compared to the control but augmenting exercise with the diet
program resulted in 86% confidence of net benefits compared
to exercise only (88% compared to the control).

Secondary analyses. If we consider the direct program
costs only, then both the exercise and the diet-plus-exercise pro-
grams have an additional direct cost per additional QALY that was
<$50,000 compared to the control. With an assumed value of a
QALY of $70,000, we can be >90% confident of net benefits in
both programs.

The previously reported clinical findings showed a significant
reduction in weight in the diet-plus-exercise group compared to
the control (20). We found a 0.37 (95% CI 0.27, 0.47) increase in
the adjusted probability of losing at least 10% of body weight
in the diet-plus-exercise group (0.47) at 12 months compared to
the control (0.06). On average there was no difference in weight
loss between the exercise group and the control. The incremental
cost per person who loses at least 10% of body weight at
12 months is $5,848 (Supplementary Appendix A, section 3,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25022). Only if we were
willing to pay at least $10,000 for that reduction in body weight
could we be 95% confident that diet plus exercise has net bene-
fits from the weight-loss component alone.

We found that participants in both programs had a positive
and moderate increase in paid work compared to the control,
but the effect is imprecisely measured (Supplementary
Appendix A, section 4, available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.25022). Those in the exercise group were more
likely to be in paid employment, with the result that on average
they worked a total of 5.4 (95% CI –9.6, 20.5) additional hours in
the previous 4 weeks during the trial compared to the control
group. On average, those in the diet-plus-exercise group worked
7.4 hours more in the previous 4 weeks compared to the control
(95% CI –7.9, 22.7). In terms of productivity, we found approxi-
mately a 10% improvement in self-reported performance at work,
with a mean improvement 0.80 unit (95% CI 0.64, 0.97) in the
exercise group and 0.90 unit (95% CI 0.69, 1.00) in the

Table 3. Economic outcomes: additional costs and outcomes over 12 months by group adjusted for baseline and
prior knee surgery using multiple imputed data*

Average predicted effects Difference in QALYs
Difference in direct

program cost
Difference in total program

and health care costs

Exercise vs. control 0.03 (0.01, 0.05) 572 (543, 597) 1,754 (144, 3,652)
Diet + exercise vs. control 0.05 (0.03, 0.07) 2,318 (2,249, 2,387) 2,196 (696, 3,659)
Diet + exercise vs. exercise 0.02 (0.01, 0.04) 1,746 (1,662, 1,820) 441 (–997, 1,761)

* Values are the mean (95% confidence interval). Total costs are generalized linear regressions with gamma distri-
bution and log link, using linear regression for quality-adjusted life years (QALYs) during trial, with percentile-based
bootstrapped confidence intervals.

Table 4. Cost-effectiveness by group over 12 months, incremental cost ($Australian in thousands) per QALY and confidence in
cost-effectiveness at a threshold of $70,000 per QALY*

Direct program costs only Health care costs

Program
Additional cost

per QALY

Confidence in
cost- effectiveness

per QALY, %†

Additional cost
per QALY

Confidence in
cost- effectiveness

per QALY, %†

Exercise vs. control 14.4 (7.8, 70.6) 94 67.6 (–0.3, 418.3) 53
Diet + exercise vs. control 45.6 (31.3, 81.5) 93 45.5 (14.4, 95.2) 88
Diet + exercise vs. exercise 75.7 (44.3, 337.7) 60 21.1 (–43.7, 162.2) 86

* Values are the mean (95% confidence interval) unless indicated otherwise. The confidence intervals are distribution-free
empirical bias-corrected bootstrapped values, using the 2.5% upper and lower parts of the distribution from 2,000 resamples
of data using 20 multiple imputations nested in bootstrapping. QALY = quality-adjusted life year.
† Confidence is defined as the percentage of bootstrap replicates with positive net benefits (below the threshold willingness-
to-pay of $70,000).
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diet-plus-exercise group compared to the control on a 0–10 scale
(where 0 = your performance equivalent to the worst job perfor-
mance anyone could have at your job and 10 = best job perfor-
mance) (Supplementary Appendix A, section 3).

Robustness checks. Adjusting for baseline imbalance in
age and sex increases the cost per QALY for each program com-
pared to the control and overall improves estimate precision
(Supplementary Appendix A, section 5, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.25022), but neither this adjustment, nor using com-
plete cases (Supplementary Appendix A, section 6), nor hypo-
thetical full adherence to treatment (Supplementary Appendix A,
section 8), substantially change the results. Additional estimates
of knee surgery costs to 2 years did not improve the cost-
effectiveness of either program (Supplementary Appendix A,
section 7). The estimated costs per MCID in pain or function are

lower than the cost per QALY (Supplementary Appendix A,
section 9). As expected, the costs per person achieving the MCID
in pain and function were significantly below those of the cost per
QALY for each program compared to the control (Supplementary
Appendix A, section 9) confirming the patient relevance of the
measured QALY gains.

DISCUSSION

Using plausible social values for a QALY, a telehealth-
delivered program targeting exercise, weight loss, and self-
management for people with knee OA who have overweight/
obesity had a high probability of being cost effective compared
to online information within 12 months and compared to an
exercise-only program. In contrast to a recent systematic review
that found exercise therapy with and without education or diet
was cost effective compared to education or physician-delivered

Figure 1. Bootstrap replicates of the mean difference in cost and quality-adjusted life years (QALYs) for programs versus control, with 2,000
bootstrap samples of adjusted difference in costs and QALYs in the programs versus control using multiple imputed data.

Figure 2. Acceptability curve for programs versus control for net benefits over a range of costs per quality-adjusted life year (QALY) thresholds. Net
monetary benefits for the diet-plus-exercise and exercise arms are the difference in QALYs compared to the control group multiplied by the
willingness-to-pay for a QALY, minus the cost difference between the groups. The acceptability curve shows the probability of the trial sample being
consistent with positive net benefits for the diet-plus-exercise or the exercise groups as the threshold willingness-to-pay for a QALY increases.
Prob = probability. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25022/abstract.
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usual care in hip and knee OA (46), we found that the likelihood of
a telehealth professional-delivered exercise program alone being
cost effective is low. On the other hand, our study confirms that
augmentation of exercise with a weight-loss program is likely to
be cost effective in knee OA, with a likelihood greater than
reported in other similar studies (21,22). If the threshold
willingness-to-pay for a QALY is as high as $150,000 (41), then
both interventions look attractive, but as Figure 2 shows, our con-
fidence that even the diet-plus-exercise program was value for
money falls below 50% at a threshold willingness-to-pay per
QALY of $45,000, a threshold above estimates of the opportunity
cost of a dollar spent in the UK and Australia (40,47). The con-
trasting results may be due to differences in the programs, costs
included in the analyses, and the comparators.

An alternate explanation is that the effectiveness of exercise
therapy is lower when delivered via telehealth than in-person,
although limited current evidence suggests that outcomes are
generally comparable. Our degree of confidence in the cost-
effectiveness of the programs is in part a reflection of the limitation
that the trial was powered to detect clinical improvements in
symptoms, and so the precision in our estimates reflects the nat-
ural variation in self-reported health care costs between individ-
uals, the potential to misreport less frequent but costly events,
and the potential to underreport frequent but less salient health
care use in the last 6 months.

The effects of the programs on average hours worked are
moderate and imprecisely measured, but if these estimated effects
were sustained for 48 weeks, then this effect would translate into a
money value of $2,333 (95% CI –4,147, 8,856) for exercise versus
control and $3,197 (95% CI –3,413, 9,806) for diet plus exercise
versus control (Supplementary Appendix A, section 4, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25022). With both programs, although we
cannot be 95% confident of the increase in work hours, the
expected value of labor is greater than the program cost (Table 3),
resulting in a saving even before we consider additional quality-of-
life improvements and any productivity gains while at work. Others
have found that productivity while at work is the considerably larger
component of production losses associated with knee OA (48,49)
and arthritis more broadly, so we may have been conservative in
our estimation of production gains. That said, there are a number
of potential biases in the data on production gains, as we could
not measure actual output changes, relying instead on self-report
of individual paid work and productivity at work with no information
on unpaid work, or the effects on others’ productivity.

We acknowledge that this analysis did not have a lifetime hori-
zon, but only assessed costs and outcomes for the first 12 months
after randomization. Therefore, our results may understate the
value for money of the programs, as gains and cost offsets may
exist beyond 12 months from persistent improvements in function,
pain, and mental wellbeing. In addition, there is evidence that inten-
tional weight loss of at least 10% would have an impact on those

longer-term chronic health risks known to be strongly associated
with high BMI, such as type 2 diabetes mellitus, sleep apnea,
hypertension, and dyslipidemia (50). If a 10% loss of weight is val-
ued at >$5,000, we could be 95% confident that the results are
consistent with this diet-plus-exercise intervention being value for
money on this outcome alone (Supplementary Appendix A,
section 3, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25022). On the
other hand, obesity and physical fitness could influence eligibility
for knee surgery, resulting in a greater proportion of program partic-
ipants being considered “fit for surgery” increasing the cost of knee
surgery (Supplementary Appendix A, section 7, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.com/
doi/10.1002/acr.25022). In addition, improvements in the quality
of life may not be persistent, which, while not changing the
12-month cost-effectiveness results, might make the interventions
less acceptable to patients.

The 2 telehealth-delivered kneeOA exercise programs, 1with
and 1 without dietary weight loss, showed improvements in the
quality of life at relatively low direct costs compared to information
only. When all health care costs are included, the estimated cost-
effectiveness of the programs is imprecise, but at a threshold
willingness-to-pay for a QALY of $70,000 we can be reasonably
confident that augmenting the exercise program with dietary
weight loss would be cost effective. That predicted value for
money would likely be improved if we considered the productivity
effects and the long-term health gains from weight loss.
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