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Abstract

Obijective: The Intensive Diet and Exercise for Arthritis (IDEA) trial showed that an intensive
diet and exercise (D+E) program led to a mean 10.6 kg weight reduction and 51% pain reduction
in knee osteoarthritis (OA) patients. We investigated the cost-effectiveness of adding this D+E
program to treatment for overweight and obese (BM1>27 kg/m?2) knee OA patients.

Methods: We used the Osteoarthritis Policy Model to estimate quality-adjusted life-years
(QALYSs) and lifetime costs for overweight and obese knee OA patients with and without the D+E
program. We evaluated cost-effectiveness with the incremental cost-effectiveness ratio (ICER), a
ratio of the differences in lifetime cost and QALY's between treatment strategies. We considered
three cost-effectiveness thresholds: $50,000/QALY, $100,000/QALY, and $200,000/QALY.
Analyses were conducted from healthcare sector and societal perspectives and used a lifetime
horizon. Costs and QALY's were discounted at 3% per year. D+E characteristics were derived from
the IDEA trial. Deterministic and probabilistic sensitivity analyses (PSA) evaluated parameter
uncertainty and the effect of extending the D+E program duration.

Results: In the base case, D+E led to 0.054 QALY gained per person and cost $1,845 from the
healthcare sector perspective and $1,624 from the societal perspective. This resulted in ICERSs of
$34,100/QALY and $30,000/QALY. In the healthcare sector perspective PSA, D+E had a 58% and
100% likelihood of being cost-effective with thresholds of $50,000/QALY and $100,000/QALY,
respectively.
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Conclusion: Adding D+E to usual care for overweight and obese knee OA patients is cost-
effective and should be implemented in clinical practice.

Knee osteoarthritis (OA) is highly prevalent, affecting 14 million Americans, approximately
50% of whom are obese (1, 2). Obesity and knee OA together result in 3.5 quality-adjusted
life-years (QALYS) lost per person (one QALY measures the equivalent of one year of
perfect health) (2). Weight management and exercise are recommended by OA treatment
guidelines, including those of the Osteoarthritis Research Society International and the
American Academy of Orthopaedic Surgeons (3, 4).

Other treatment options for knee OA have inherent limitations. Pharmacologic treatments,
including non-steroidal anti-inflammatory drugs (NSAIDs) and opioids, are moderately
efficacious, but their long-term utilization is frequently limited by side effects, such as
cardiovascular and gastrointestinal events and opioid addiction (5, 6). While total knee
arthroplasty (TKA) is both effective and cost-effective, it is generally reserved for later
stages of OA progression (7, 8).

Several randomized controlled trials (RCTs) have shown that weight loss is associated with
reduced knee OA pain (9). A meta-analysis of RCTs found that a weight loss of 10% is
expected to have a clinically relevant effect on disability (10). Participants randomized to a
diet and exercise (D+E) regimen in the Arthritis, Diet, and Activity Promotion Trial
(ADAPT) experienced a 30% pain reduction over 18 months compared to 17% in the
healthy lifestyle control group (11). The intention-to-treat analysis of the Intensive Diet and
Exercise (IDEA) trial found that D+E participants experienced a 51% reduction in pain
severity over 18 months compared to a 28% reduction in exercise alone participants (the
attention control). After 18 months, 38% of D+E participants reported little or no pain,
compared to 22% of exercise participants and 20% of diet participants (12).

Economic evaluations of D+E regimens are scarce. A recent systematic review identified
only one economic evaluation of an OA intervention targeting obesity: a cost-effectiveness
analysis of the ADAPT trial (13, 14). This analysis did not investigate the cost-effectiveness
of D+E regimens in the context of other OA treatments. It was also limited to the 18-month
trial timeframe; this short-term time horizon is problematic because OA is a chronic disease.
The review concluded that there is a pressing need for long-term evaluations that report cost
per QALY outcomes to facilitate comparisons of D+E cost-effectiveness across healthcare
sectors (13). We address this gap in the literature with a formal cost-effectiveness analysis of
adding a D+E regimen to usual care for overweight and obese knee OA patients.

Materials and Methods

Analytic Overview

We used the Osteoarthritis Policy (OAPol) Model, a validated, published computer
simulation model of knee OA (2, 7, 15, 16), to assess the cost-effectiveness of adding a D+E
program to usual care for knee OA. OAPol is a state-transition, Monte Carlo simulation
model that estimates quality-adjusted life expectancy (QALE) and lifetime medical costs of
knee OA patients. State transition refers to the fact that the model characterizes each knee
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OA patient’s clinical progress as a sequence of annual transitions between health states.
Monte Carlo refers to the process of simulating one hypothetical knee OA patient at a time
and determining that person’s health state transitions with a set of transition probabilities.

Our primary outcome was the incremental cost-effectiveness ratio (ICER), a ratio of the
differences in costs and QALY gained between treatments. We considered a treatment cost-
effective if its ICER was below a given willingness-to-pay (WTP) threshold. No single WTP
threshold is used to make decisions in the United States, and discussion over what would be
an appropriate threshold remains unsettled (17). In selecting a threshold, we aim to present
how the preferred strategy depends on society’s willingness to pay for an additional QALY
and to provide comparative guidance on what ICER might be considered an acceptable
value. To this end, we have included three thresholds. $50,000/QALY is a commonly used
threshold in the field, and as some evidence suggests that $50,000/QALY is too low for
United States healthcare, we also included thresholds of $100,000/QALY and $200,000/
QALY (18).

We conducted analyses from both the healthcare sector and societal perspectives as
recommended by the Second Panel on Cost-Effectiveness in Health and Medicine (19). The
latter includes costs of care-giving and lost productivity due to OA pain and surgery.
Appendix Table 1 outlines each perspective’s cost and quality-of-life components. All costs
are in 2016 USD, and costs and QALY's were discounted by 3% annually.

Osteoarthritis Policy Model

OAPol generates knee OA patients based on demographic and clinical characteristics
including age, BMI, comorbidities, and knee OA pain and structural severity. Model subjects
transition annually between health states, defined by obesity, comorbidities, and knee OA
severity. Time in each health state, including all associated costs and health-related quality-
of-life effects, is accounted for from model entry to death.

QALE was estimated using data from the Osteoarthritis Initiative (OAIl), a large longitudinal
cohort study of knee OA (20). The OAI measured health-related quality-of-life using the
SF-12. We transformed SF-12 responses into preference-based measures (i.e., utilities) using
a previously published conversion algorithm (21). These utilities, stratified by age,
comorbidities, obesity, and knee OA pain, were the weights employed by the OAPol model
to estimate quality-adjusted survival.

Model subjects with a BMI =30 kg/m? are considered obese. Obesity lowers quality-of-life
utility, increases the incidence of cardiovascular disease, diabetes, and cancer, and increases
mortality (2, 22, 23). The model assumes that subjects with BMI 18.5 — 24.99 kg/m? and
BMI 25 — 29.99 kg/m? carry similar risks of comorbidities.

Knee OA treatments in OAPol include NSAIDs, TKA, and D+E. All treatments can affect
quality-of-life utility by reducing knee OA pain. TKA also alters the presence of structural
knee OA, and D+E reduces BMI. Each treatment has an associated cost and likelihood of
toxicities. Toxicities carry their own costs and quality-of-life decrements.

Arthritfs Care Res (Hoboken). Author manuscript; available in PMC 2020 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Losina et al.

Page 4

OAPaol includes all direct medical costs of knee OA treatment as well as non-OA medical
costs stratified by age and comorbidities (Appendix Table 2). Costs were adjusted for
inflation using the method recommended by the Second Panel on Cost-Effectiveness in
Medicine (Appendix Section 1a) (19).

Cohort Characteristics

Cohort characteristics were from the IDEA trial (Table 1). Mean age was 66 (SD 6) years,
72% were female, and average BMI was 33.6 kg/m2. OA pain severity was assigned using
the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) Pain
Subscale (24). The mean baseline WOMAC pain was 32.5 (SD 15.5; 0-100, 100 = worst).
At initiation, 13% of the cohort had diabetes and 10% had cardiovascular disease. Other
comorbidity incidence was derived from NHANES 2011-2014 data and relative risks of
mortality were derived using data from NHANES and CDC 2011 life tables (25, 26).

Treatment Strategies

For the two treatment strategies, usual care and D+E, we define below regimen duration,
efficacy, discontinuation rate, and cost (Table 2). Usual care subjects began their treatment
sequence in year 1. D+E subjects began both the D+E regimen and the usual care treatment
in parallel in year 1.

Usual Care—Usual care treatment consisted of a pharmacologic NSAIDs regimen,
followed by TKA among those eligible and willing to undergo surgery, and revision TKA
among those who failed primary TKA. Based on NSAID utilization in the IDEA cohort at
baseline (unpublished data), half of the participants were assumed to begin with the NSAID
regimen. The other half used analgesics intermittently, without any long-term efficacy, until
eligible for TKA (Appendix Section 2c). Usual care does not include steroid injections
because injections, though efficacious in the short-term, have not been shown to have long-
term efficacy in reducing knee OA pain (27).

Intervention duration: Subjects could remain on the NSAID regimen for up to 20 years.
As we describe below, minor toxicity discontinuation or treatment failure caused most
subjects to end treatment before this maximum was reached.

Efficacy: NSAID efficacy was derived from the GAIT study (28). TKA structural efficacy
rates were derived from data published by Paxton and colleagues (29). TKA pain
decrements were derived from two longitudinal studies of knee OA patients undergoing
TKA: AVIKA and STARs (30, 31). (Appendix Section 2a and Appendix Table 3).

Discontinuation: 11.28% of model subjects on NSAIDs discontinue treatment in the first
year due to minor toxicities. This probability was derived from multiple, large randomized
controlled trials of NSAIDs in arthritis (32—36). We assume that all minor toxicity
discontinuation occurs in the first year. In all years of treatment, subjects can discontinue
NSAIDs due to treatment failure. Treatment failure discontinuation occurs if subjects return
to within 9 points of their starting pain (half of the average initial decrease in pain).
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Subjects only discontinue from primary TKA if they require a revision surgery. Therefore,
we assume that minor toxicity discontinuation is 0%. Treatment failure discontinuation can
only occur if a subject experiences a structural failure and if the subject’s pain returns to
within 21 points of their starting pain (half of the average initial decrease in pain) (Appendix
Section 2b).

Cost: NSAID cost was calculated using an average of the cost of treatment (from Red Book
Online (37)) weighted by the utilization of treatments by OA patients (MCBS 2009 (38)).
The cost also included an annual office visit and labs. NSAIDs cost $841 in the first year
and $810 in subsequent years. TKA cost, derived from Medicare Fee Schedules, was
$17,976 (primary) and $24,985 (revision) and $109 each year after the year of surgery (39).
Cost derivation methods for NSAIDs and TKA are described in a prior publication (15).

Diet and Exercise

Intervention duration: Consistent with the IDEA trial duration (18 months), in the base
case, subjects could remain on the D+E program for up to two years. Sensitivity analyses
evaluated implementing D+E for longer durations. As data on long-term weight loss are
limited, we conservatively assumed that benefits from D+E were not maintained after the
program ended (Appendix Section 3a).

Efficacy: Subjects on the D+E regimen were assigned a probability of percentage BMI
reduction, derived from IDEA trial data. The BMI reduction was associated with a
percentage reduction from baseline WOMAC pain (Table 2).

Each subsequent year, a subject had a probability of either losing the BMI reduction (termed
weight loss failure) or losing the pain reduction (pain failure). Pain and weight loss failures
did not necessarily occur together, but weight loss failure increased the probability of pain
failure. Probability of weight loss failure was stratified by the amount of BMI reduction. If a
subject experienced weight loss or pain failure, they reverted to the weight or pain level that
they would have experienced had they not been on the D+E regimen. Likewise, in the year
following termination of D+E, all subjects revert to the weight or pain levels that they would
have experienced had they not received the D+E intervention (Appendix Section 3b).

We validated OAPol-predicted weight loss from the D+E regimen by comparing mean BMI
in the D+E arm of the IDEA trial at the five-year follow-up (18% of subjects reporting data)
to OAPol-predicted BMI at five years. The BMI in the IDEA trial D+E cohort was
31.65kg/m? and OAPol-predicted BMI for D+E participants was 32.94 kg/mZ.

Discontinuation: Subjects had an overall probability of discontinuing the D+E regimen
each year. This overall discontinuation was divided into general discontinuation
(discontinuation unrelated to treatment efficacy) and treatment failure discontinuation
(discontinuation due to failure to maintain weight loss). As we do not have data on why
subjects discontinued from the D+E program in the IDEA trial, in the base case, we assumed
that the 8% discontinuation was entirely general discontinuation; subjects who had lost
weight had an equal probability of discontinuing as those who did not. In sensitivity
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analyses, we varied the percentage of discontinuation due to treatment failure (Appendix
Section 3c).

Cost: D+E cost was estimated using three components: personnel ($328 in the first year,
$281 in subsequent years), meal replacements ($455 in the first year), and gym membership
($600 each year). Personnel costs were derived using 2015-2016 interventionist salaries at
Wake Forest University. Meal replacement costs were derived using the current retail cost of
the meal replacements (40) and the average number of meal replacement containers used by
study participants (unpublished trial data). Gym costs were an assumption. Fixed costs were
not included (Appendix Section 3d).

Process Benefits: Exercise may confer additional increases in quality-of-life utility beyond
those due to reduction in pain and weight. We refer to these increases as “process benefits”
because they occur due to the process of exercising, rather than the outcomes (41). Based on
published data, we estimated the process benefits from the exercise intervention by
increasing a subject’s annual utility by 0.026 QALY (41). The base case analysis did not
include process benefits. In a one-way sensitivity analysis, they were added to the first year
or all years of exercise (Appendix Section 3e).

Base Case Analysis

Health Sector Perspective—In the base case, we used D+E characteristics derived from
IDEA trial data with added costs for a gym membership. We assumed that D+E regimen
costs included personnel costs, meal replacements, and a hypothetical $600/year gym
membership. Discontinuation was estimated at 8% annually (the IDEA trial had a 12%
discontinuation over 18 months). Process benefits were not included.

Societal Perspective—The societal perspective included all health and quality-of-life
components from the healthcare sector with added costs accounting for lost productivity and
care-giving. Productivity costs reflect work absenteeism among individuals with OA in the
US labor force (42). Knee OA pain costs $1,037 in lost productivity annually. Primary and
revision TKA cost $3,311 and $3,592 respectively in lost productivity during the year of the
surgery (15).

Based on a study by Gupta and colleagues that reported that 52.1% of OA indirect costs
were related to care-giving (43), we assumed that productivity costs due to knee OA pain
represented 47.9% of annual indirect costs. This resulted in a total annual indirect cost of
$2,166. In the base case, only subjects with a WOMAC pain score greater than 40 incurred
care-giving and OA pain productivity costs. We varied this threshold in sensitivity analyses.

Sensitivity Analyses

Deterministic Sensitivity Analyses—One-way sensitivity analyses varied key D+E
parameters. D+E duration was assessed at 2 (base case), 3, 5, and 8 years as well as without
limit. D+E cost was varied from only personnel costs to 50% more than the base case cost.
Overall discontinuation was assessed at 8% (base case), 12%, and 16% annually; the
percentage of that discontinuation due to treatment failure was assessed at 0% (base case),
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50%, and 100%. Process benefits were not included (base case), or received by subjects
during the first year or all years of D+E. The societal perspective included an additional
analysis varying the WOMAC pain threshold for productivity and care-giving costs from 1
point (any pain), to 15, 40, or 70 points.

Probabilistic Sensitivity Analyses—We used probabilistic sensitivity analyses (PSA)
to determine the effect of the uncertainty around the D+E regimen parameters (Appendix
Table 4). We varied cost, overall discontinuation, the relative reduction in pain severity, and
the probability of pain and BMI failure. The societal perspective analysis also varied costs
from OA-related care-giving. In all iterations, the duration of D+E was two years,
discontinuation due to treatment failure was 0%, and process benefits were not included.

Results are shown with acceptability curves, which report the percentage of PSA simulations
out of 1000 for which an intervention was cost-effective at different values of willingness to
pay for additional QALYSs.

Base Case Analysis

The D+E regimen led to a gain of 5.4 QALY's for every 100 participants (increasing per-
person QALE to 8.963 QALYSs from 8.909 QALYSs). From the healthcare sector and societal
perspectives, the D+E regimen raised per person cost by $1,845 and $1,624, respectively. D
+E was cost-effective at all thresholds. D+E had an ICER of $34,100/QALY from the
healthcare sector perspective and an ICER of $30,000/QALY from the societal perspective
(Table 3).

The improvement in quality of life from D+E is due to decreases in BMI and WOMAC Pain.
During the first year of the D+E program, the D+E cohort’s average WOMAC Pain was 6.8
(out of 100) points lower than the usual care cohort, and their average BMI was 2.8kg/m?
lower than the usual care cohort. During the second year, the D+E cohort’s average
WOMAC Pain was 4.9 points lower and their BMI was 2.3kg/m? lower than the usual care
cohort. Due to the assumption that D+E benefits would not extend beyond two years, D+E
delayed, but did not avert, total knee replacement.

One-way Sensitivity Analyses — Healthcare Sector Perspective

D+E was cost-effective at a WTP threshold of $100,000/QALY in all variations (Figure 1).
As D+E was always cost-effective at a threshold of $100,000/QALY, we do not report
specific results for the $200,000/QALY threshold. The ICER for D+E was only above
$50,000/QALY when cost was increased to 150% of the base case (ICER = $52,100/QALY).
When only personnel costs were included, the ICER was $6,200/QALY and when personnel
and meal replacement costs were included, the ICER was $12,900. The inclusion of process
benefits in the first year of D+E lowered the ICER to $22,600/QALY and including process
benefits in all years lowered the ICER further to $15,300/QALY. Varying discontinuation
changed the ICER minimally.
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When compared to usual care, all D+E durations were cost-effective at a WTP threshold of
$50,000/QALY. We also compared D+E programs of different durations incrementally. The
two-year program was dominated by the three-year program. The three-year, five-year,
eight-year, and indefinite D+E programs had ICERs of $32,800/QALY, $33,400/QALY,
$42,100/QALY, and $79,200/QALY respectively.

One-way Sensitivity Analyses — Societal Perspective

D+E was somewhat more cost-effective when analyzed from the societal perspective than
from the healthcare sector perspective. The highest ICER, $48,700/QALY, occurred when
cost was 150% of the base case. Varying the WOMAC pain threshold for productivity and
care-giving costs had a small effect on cost-effectiveness. ICERs ranged from $26,800/
QALY (WOMAC > 15) to $32,700/QALY (WOMAC > 1) (Appendix Figure 1).

Probabilistic Sensitivity Analyses

From the healthcare sector perspective, at WTP thresholds of $50,000/QALY and $100,000/
QALY, D+E had a 58% and 100% likelihood of being cost-effective (Figure 2). From the
societal perspective, at WTP thresholds of $50,000/QALY and $100,000/QALY, D+E had a
68% and 100% likelihood of being cost-effective (Appendix Figure 2).

Discussion

Our analysis suggests that incorporating a D+E regimen into usual care treatment for knee
OA would be highly cost-effective from both societal and healthcare sector perspectives. In
our base case evaluation and the majority of sensitivity analyses, D+E had an ICER below
$50,000/QALLY, the more conservative cost-effectiveness threshold. D+E was always cost-
effective with a threshold of $100,000/QALY, which is increasingly used in United States
cost-effectiveness analyses (18).

Both weight loss and D+E are effective in reducing knee OA pain and improving function
(10-12, 44). Cost-effectiveness analyses of exercise as treatment for knee OA (without
weight loss as an explicit goal) have also generally indicated that exercise programs are cost-
effective (45, 46). A previous analysis of D+E in the ADAPT trial found that D+E was cost-
effective for self-reported function, pain, and stiffness (14). Our findings corroborate this
and suggest that D+E would be cost-effective as a program with limited duration or as a
program in which patients can continue to participate indefinitely. Our comparison of D+E
durations suggests that with a WTP threshold of $50,000/QALY, the eight-year program
provides the best value. If the WTP threshold is raised to $100,000/QALY, the program
without a limit on duration offers the best value.

Of note, we showed that D+E is cost-effective when the effectiveness measure includes an
adjustment for quality of life, which permits comparisons with other treatments. While the
0.054 difference in QALE between the two-year D+E program and usual care is small, this
is because OA treatments primarily improve quality, rather than quantity, of life. The
improvements in QALE from the two-year D+E program are similar to those from over-the-
counter (OTC) Naproxen (0.081 QALYS) (16). The base case D+E ICER is also comparable
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to other OA treatments. OTC Naproxen and TKA, for example, have ICERs of $57,100/
QALY and $22,500/QALY respectively (updated to 2016 USD) (7, 16, 47, 48).

Given the number of Americans with OA, implementing a D+E program into usual care may
lead to substantial improvement in quality of life on a population level, but funding the
program may have a non-trivial effect on payers’ budgets. The major components of the cost
of D+E are meal replacements and a gym membership. Payers considering coverage for D
+E programs could develop strategic partnerships with gyms and meal replacement
manufacturers to minimize budget impact.

We note several limitations. First, the D+E regimen was based on results from a clinical trial
D+E regimen, which was led by professional interventionists and required significant
participant investment. The outcomes of D+E regimens should also be established in
community settings, where participants may not be as strongly motivated. In addition, the
trial and model cohort had an average starting KL grade of 2.5, so the results may not apply
to a cohort with more severe OA.

We made several assumptions to project the results of an 18-month clinical trial over a
longer duration. As data on long-term weight loss maintenance is limited, we assumed that
subjects lost all weight and pain reduction benefits once the D+E program ended and that the
base case D+E program would only last for two years. Long-term data on D+E adherence
and the sustainability of weight loss and pain reduction are needed to more accurately model
D+E treatments. We also did not consider potential correlations between baseline
characteristics (e.g., age, pain) and D+E outcomes, which may have biased our point
estimates.

Model inputs were derived from a variety of national data sources and published literature
(Appendix Table 5). QALE was derived from the OAI using the SF-12, rather than directly
measured in the IDEA cohort. The utility increase from the process of exercising (process
benefit) was derived from the Health Survey for England (HSE) using the EQ-5D. As the
populations and measures in the OAI and HSE differ, the process benefit quality-of-life
values were only included in a one-way sensitivity analysis. As our costs were trial-based,
they may not entirely reflect the cost of implementing D+E outside of a clinical trial, though
we added the gym membership cost to more accurately reflect what participants may have to
contribute. In conformity with widely accepted guidelines for the conduct of economic
evaluation (19, 49), we employed extensive sensitivity analyses to address uncertainty
surrounding our findings. Our estimates were robust to uncertainty from the trial data.

Our findings strongly suggest that implementing D+E in knee OA treatment provides good
value and should be a priority for clinicians and policy-makers. Further studies should
consider how best to implement these programs and make them accessible to knee OA
patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance and Innovations

While previous work has established the clinical efficacy (pain reduction) of
diet and exercise programs for knee osteoarthritis (OA) treatment, this study
is the first to confirm that such programs also provide excellent economic
value when compared to alternative uses of scarce OA treatment resources.

We considered multiple willingness-to-pay thresholds ($50,000, $100,000,
and $200,000 per quality-adjusted life-year (QALY)). In the base case, the
diet and exercise program was cost-effective at all thresholds considered.

If payers are willing to spend $50,000 per QALY gained, allowing
participants to participate in the diet and exercise program for up to eight
years provides the best value. If they are willing to spend $100,000 per QALY
gained, allowing participants to participate in the diet and exercise program
indefinitely provides the best value.

Programs to provide knee OA patients with access to diet and exercise
treatment should be implemented into clinical care.
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Diet and Exercise Cost
Year 1: $328 - $2075
Subsequent Years: $281 - $1321

Process Benefits
None, first year, all years of D+E

Duration
2, 3,5, and 8 years, and no limit

Percent of Discontinuation
due to Treatment Failure
0%, 50%, 100%

Overall Discontinuation
8%, 12%, 16%

$0  $10,000 $20,000 $30,000 $40,000 $50,000 $60,000
Incremental Cost-Effectiveness Ratio (ICER)

Figure 1. One-way Sensitivity Analysis of Diet and Exercise Parameters (Healthcare Sector
Perspective).

This figure illustrates the incremental cost-effectiveness ratio (ICER) estimated for the diet
and exercise regimen under a variety of conditions. In each analysis, all parameters were
held at base case values except for the parameter listed on the vertical axis which was varied
according to the values listed. The leftmost end of each bar reports the ICER when the
parameter of interest is set to its most favorable value; the rightmost end of each bar reports
what happens when the parameter assumes its least favorable value. The vertical black bar
shows the base case ICER. Process benefits are the increase in quality-of-life utility that
occurs from the process of exercising (in addition to increases from weight loss and pain
reduction). Overall discontinuation refers to the cohort’s overall discontinuation rate and the
percentage of discontinuation due to treatment failure is the percentage of that
discontinuation that occurs specifically in subjects who did not maintain their weight loss.

Arthritfs Care Res (Hoboken). Author manuscript; available in PMC 2020 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Losina et al.

100%

80%

60%

40%

20%

Probability of Being Cost-Effective Treatment

0%

= = =Usual Care
Diet and Exercise

$0

$20,000 $40,000 $60,000 $80,000 $100,000
Willingness-to-Pay Threshold ($/QALY)

Figure 2. Cost-Effectiveness Acceptability Curve (Healthcare Sector Perspective).
The curves show the percentage of simulations (out of 1000) for which an intervention was

cost-effective at a given willingness-to-pay threshold. Each of the 1000 analyses
independently sampled model input parameters from the specified distribution (Appendix

Table 4).
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Quality-of-Life Utilities (Nonobese/Obese)

Age
Group 0
45-54 0.841/0.830
55-64 0.847/0.836
65-74 0.871/0.860

75+ 0.854/0.843
45-54 0.818/0.807
55-64 0.824/0.813
65-74 0.848/0.837

75+ 0.831/0.820
45-54 0.806/0.795
55-64 0.812/0.801

WOMAC Pain (0-100)

1-15

0.816/0.806
0.822/0.812
0.846/0.835
0.829/0.818

0.791/0.780
0.797/0.786
0.821/0.810
0.804/0.793

0.794/0.783
0.800/0.789

16-40 41-70
0 Comorbidities
0.780/0.769
0.786/0.775
0.810/0.799
0.793/0.782
1 Comorbidity
0.755/0.744  0.679/0.668
0.761/0.750  0.685/0.674
0.785/0.774  0.708/0.698
0.768/0.757  0.692/0.681

0.714/0.703
0.720/0.709
0.744/0.733
0.727/0.716

2+ Comorbidities
0.732/0.721  0.635/0.624
0.738/0.727  0.641/0.630

Table 1.
Cohort Characteristics
Parameter Estimate Data Source
Age: Mean (SD) 66 (6) Messier et al., 2013(12)
Percentage Female 2%
Race
White Non-Hispanic 81%
African American Non-Hispanic 6.3%
African American Hispanic 6.3%
White Hispanic 6.3%
BMI: Mean (SD) 33.6 (3.7)
BMI First Year Minimum, Maximum 27,41
KL2 50%
KL3 50%
WOMAC Pain: Mean (SD)
Year 1 32.5(15.5)
Increase in Years 2+% 2(10)
Comorbidity Prevalence
Cardiovascular Disease 10%
Diabetes 13%
Indirect Costs Derived from Losina et al., 2015 (15)
A : o b $1,037 Inflated ?ou%igtjéoz (v)\?i?h(?:?gw (50)
nnual OA pain productivity cost
Annual OA care-giving costb $1.128
Productivity costs for TKA (year 1) $3,311
Productivity costs for revision TKA (year 1) $3,592

71-100

0.656/0.645
0.662/0.651
0.685/0.675
0.669/0.658

0.645/0.634
0.651/0.640
0.674/0.664
0.658/0.647

0.500/0.489
0.506/0.495

Osteoarthritis Initiative(20) Brazier et
al., 2004(21)
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Parameter Estimate Data Source
65-74 0.836/0.825 0.824/0.813 0.762/0.751 0.665/0.654 0.530/0.519
75+ 0.819/0.808 0.807/0.796 0.745/0.734 0.648/0.637 0.513/0.502

Abbreviations: OA, osteoarthritis; SD, standard deviation; BMI, body mass index; KL, Kellegren-Lawrence grade (measure of osteoarthritis
severity, 0-4, 4 = most severe); WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

a .
Assumption;

b . . . .
Costs incurred by knee OA patients with WOMAC > 40 in base case
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Diet and Exercise Characteristics

Table 2.

Page 18

Parameters

Data Source

Percent reduction in BMI Probability of BMI

Percent reduction in
WOMAC Pain: Mean

reduction (SD)
20-25% 0.08 52.1 (40.3)
15-20% 0.11 42.6 (53.1)
10-15% 0.23 27.5(51.6)
5-10% 0.29 27.5(51.6)
0% 0.30 11.9 (44.6)

Probability of pain reduction failure (subsequent years))

Given weight loss success 0.21

Given weight loss failure 0.57

Discontinuation

Overall Discontinuation® 2 8% [12%, 16%]

Discontinuation due to Treatment

Failure? 0% [50%, 100%]

Duration of D+E2 2 years [3, 5, 8 years, no limit]

Cost First Year Subsequent Years

Personnel $328 $281

Meal Replacements? $455 [0] $0

Gym Membership? $600 [$0] $600 [$0]

Probability of
weight loss
failure
(subsequent
years)

0.04

0.04
Derived from IDEA trial

0.04 datasets

0.34
NA

Derived from IDEA trial
datasets, GNC Inc. (40)

Assumption

Abbreviations: SD, standard deviation; BMI, body mass index; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

a\/alues in brackets were assessed in one-way sensitivity analyses

b . A . ]
In the base case, we assumed that the D+E program would run for two years; thus, overall discontinuation only occurred in the first year. In
sensitivity analyses, we tested longer durations of the D+E program and in those instances, the probability of discontinuation is annual.
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Table 3.

Cost-Effectiveness of Diet and Exercise

QALE?  Lifetime Cost® ICER
. Usual Care 8.909 $116,200
Healthcare Perspective $34,100/QALY
Diet and Exercise 8.963 $118,100
Usual Care 8.909 $130,700
Societal Perspective $30,000/QALY
Diet and Exercise 8.963 $132,400

Abbreviations: QALE, quality-adjusted life expectancy; ICER, incremental cost-effectiveness ratio

aQALE and cost reported as per-person values and discounted at 3% per year
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