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SUMMARY

Objective: To ascertain the comparative effectiveness of weight-loss strategies for osteoarthritis (OA) to
develop rational treatment algorithms aimed at improving OA-related symptoms in overweight/obese in-
dividuals.
Design: Medline, Embase, CINAHL, Scopus, and Web of Science were searched from inception to June 2023
for observational studies and randomized trials. Network meta-analyses were performed using a frequentist
approach. Effect sizes for pain and function were computed as standardized mean differences, while change
in body weight was computed as mean differences.
Results: 13 RCTs on knee OA (KOA) (2800 participants) with 7 interventions: diet (D); exercise (E); diet and
exercise (DE); pharmacological (L); psychological (P); psychological, diet, and exercise (PDE); and
Mediterranean diets (M) were networked. For weight change (kg), all interventions significantly out-
performed control comparators, with effect sizes ranging from -11.2 (95% Cl, -16.0, -6.5 kg) for the most
effective approach (PDE) to -4.7 (95% Cl, -6.7, 2.7 kg) for the least effective approach (DE). In terms of pain
(0-20 scale), only DE outperformed control comparators (-2.2, 95% CI: -4.1, —0.21), whereas PDE was not
superior to control comparators (-3.9, 95% ClI: -8.4, 0.5) in improving the pain. Regardless of the chosen
intervention, prediction intervals from meta-regression analysis indicate that significant pain relief may be
anticipated when patients achieve at least a weight reduction of 7%.
Conclusions: PDE and DE interventions may offer the most effective approach for weight loss, potentially
leading to improvements in pain and physical function among overweight/obese individuals with KOA if
they achieve more than 7% weight loss.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Background

Osteoarthritis (OA), predominantly affecting the knee, hip, and spine
joints, has a strong association with overweight and obesity. Obesity has

+ Corresponding authors at: Sydney Musculoskeletal Health, Kolling Institute, long been touted as the most modifiable risk factor for OA, given the
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options to lose weight through diet, exercise, or surgery.! According to
the Osteoarthritis Research Society International (OARSI) recommenda-
tions for knee OA (KOA), 13 different international guidelines suggest
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weight loss as a core treatment.! Every 1% weight loss is associated with
a 3% reduced risk of hip replacement.” Nonetheless, it is still unclear
which weight loss intervention is best for meaningful improvement of
OA and OA-related symptoms in people with obesity. An unambiguous
consensus about the optimal weight loss required for clinically mean-
ingful improvement of OA symptoms does not exist. According to a prior
meta-analysis, it is 5-10% >; however, a recent randomized controlled
trial (RCT) suggests 10-20% may be required.”

This systematic review and network meta-analysis (NMA) sought
to identify the most effective weight loss interventions or combi-
nations of interventions for weight loss in people with symptomatic
KOA and/or hip OA (HOA). A preliminary search of the literature has
identified publications similar to this proposed review including the
recent NMA by Panuzi et al.”~” The majority of the prior reviews only
focused on exercise and/or diet interventions for weight loss for
KOA. Our NMA adds to this previous work by covering a wider range
of interventions, including pharmacological, physical, psychosocial,
and surgical weight loss strategies, in addition to diet and exercise-
based weight loss interventions for both KOA and HOA. We have also
included longer follow-up periods, and included, more detailed
analyses to help us identify the relationship between weight change,
pain and physical activity, and indirectly infer a dose-response as-
sociation.

Methods

We conducted a systematic review and NMA. We prospectively
registered the protocol with PROSPERO (CRD42023430366) and re-
ported the present manuscript in accordance with the Preferred
Reporting Items for Systematic Review and Meta-analysis (PRISMA
for NMA) statement.®

In this review, we have used the term ‘exercise’ as an umbrella
term to include physical activity, which is used to refer to everyday
exercise (e.g., walking or cycling to work) or general activities of
daily living (e.g., housework), and therapeutic exercise which in-
cludes structured, planned, and repetitive activities undertaken for
the improvement or maintenance of OA.

Search strategy

We searched five databases, MEDLINE (via OVID), Embase (via
OVID), CINAHL, Scopus, and Web of Science, for published peer-re-
viewed literature from inception until June 2023. The protocol spe-
cified the inclusion of nine databases, which were reduced to five
after consulting with an academic librarian. We used a predefined
search strategy, developed from the literature and with the assis-
tance of a University of Sydney Academic Librarian (Supplemental
S1. Text). Conference proceedings or other published abstracts were
included if data could be extracted for analysis. A manual search was
also conducted to identify any missing studies.

Study selection

Eligibility criteria for studies were: (1) RCTs (minimum 3 months
follow-up) or observational studies (minimum 1-year follow-up); (2)
adults (218 years old) with KOA and/or HOA; (3) body mass index
(BMI) of >25 kg/m?; and (4) examining any weight loss intervention
(e.g. physical activity or exercise, dietary, psychosocial, pharmaco-
logical or surgical), either alone or in combination; (5) published in
English. The control comparators could include attention/non-at-
tention group, usual diet, or a placebo (e.g. placebo medicine). Mixed
population studies were eligible if data could be extracted for people
with KOA/HOA. Exclusion criteria were studies that included parti-
cipants with rheumatoid or other inflammatory arthritis; or targeted
OA in other joints (e.g. hand, neck, or shoulder), and studies with

<20 participants. Detailed selection and exclusion criteria are pro-
vided in the protocol (Appendix 1).

Data extraction

Two reviewers (AS and AT) independently reviewed the titles and
abstracts of retrieved studies for eligibility in Covidence ° and re-
moved duplicate records. Any disagreements were agreed by con-
sensus, or with discussion with a third author (DJH or JLB). The
primary outcome was weight change (kg). Secondary outcomes were
pain, physical function, health-related quality of life (HRQoL), and
the mandated core domain of adverse events, including mortality.'’
If data on multiple pain and physical function scales were available
for a trial, we extracted data according to the hierarchy presented by
Juhl et al. for pain and physical function outcomes.!! For the trials
that had more than one published study report, we selected the
main report from each trial. For each study, we extracted data on
study characteristics (number of participants, female ratio, number
of participants who completed the study), comorbidities, length of
follow-up, data on outcomes of interest, and adverse events.

Quality assessment and GRADE

The methodological quality of the included studies was assessed
independently using the Revised Cochrane Risk of Bias Tool for ran-
domized trials."”> The overall risk of bias for each trial was considered
low if the handling of four specific items (random sequence gen-
eration, allocation concealment, blinding of participants and per-
sonnel, and incomplete data) were adequately met (risk of bias
considered low or unclear).”® According to the registered protocol,
we also assessed each trial for the risk of selective reporting. The
overall quality of the evidence from the NMA was assessed using the
CINEMA approach to Grades of Recommendation, Assessment, De-
velopment, and Evaluation (GRADE) based on their published gui-
dance."”

Statistical analysis

Data were extracted from the last follow-up timepoint reported
where the study still respected the original study design, e.g., we did
not extract data for longitudinal follow-up, open-label results, or
similar that were reported in addition to the original design.
Wherever available, we used estimates reported based on the in-
tention-to-treat population. Continuous data were summarized as a
mean difference for weight change (kg) and as standardized mean
differences (SMDs) for symptomatic outcomes (from the initial to
the longest follow-up) reported with 95% confidence interval (95%
Cls)."” When data were not directly reported in the article, estimates
were derived from other available data where possible (e.g., 95% Cls,
standard errors, or p-values). The pain data was converted to a 0-20
scale, and the data on physical function and HRQoL were converted
to a 0-100 scale. The NMA was performed using the Frequentist
framework in STATA, version 18, with the assistance of experienced
biostatisticians (RC and VV).' Effect sizes as weighted mean differ-
ence (WMD) were computed for weight change (kg) and SMD for
other core outcome set measures. Clinically, an effect size of <0.2 is
considered trivial, 0.2-0.5 as small, 0.5-0.8 as moderate and > 0.8 as
large according to Cohen’s quantified effect sizes.'® Detailed de-
scriptions of all statistical analyses are included in the supplemen-
tary data (S2. Text).

Results

A flow diagram showing the study selection is presented in Fig. 1.
From a total of 3764 identified trials, 1892 duplicates were removed,
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Ogeoarth ritis and Cartilage

Prisma flow diagram. C: Control; D: Diet; E: Exercise; DE: Diet and exercise; L: Liraglutide; M: Mediterranean diet; P: Psychological; PDE:

Psychological, diet, and exercise.
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1808 trials were excluded at the initial abstract screening, and 64
full-length studies were assessed for eligibility. Of these, 50 studies,
including all observational studies, were ultimately excluded. Of the
14 RCTs studies included, all 14 were included in the qualitative
analysis (13 studies had KOA participants, and one study had HOA
participants). All 13 KOA studies with 2865 enrolled participants
17-29 were included in the NMA. The single HOA study was ex-
cluded.*® All 13 KOA studies reported weight change (kg), 12 re-
ported pain outcomes, 11 reported physical function, and four
provided HRQoL data. Eight studies were two-arm trials (57%), four
(29%) were three-arm trials, and two studies (14%) were four-arm
trials. Three trials were conducted in Denmark, five trials in the
United States, and one each from Pakistan, Iran, Thailand, Australia,
Italy, and Taiwan. The study length ranged between 3 and 24
months, and all trials were published between 2004 and 2022. The
sample size varied between 21 and 289 participants, with most trials
(57%) having more than 100 participants. The participants’ mean age
ranged between 53.8 and 69.7 years, their BMI was between 30.4
and 37.9 kg/m?, and 74% were female.

A total of seven different interventions (i.e., nodes) with a con-
trol/placebo group (C) were identified: diet (D), exercise (E),
Mediterranean diet (M), pharmacological (L), psychological (P), diet
plus exercise (DE), and psychological plus diet plus exercise (PDE).
Only one psychological intervention was identified, and that was
pain-coping skills training. Although we identified five surgical in-
tervention studies with an observational design; four did not fulfill
the required minimum of 1-year follow-up,*'>* and one did not
meet the minimum number of participants.®®

The characteristics of studies eligible for the NMA are summar-
ized in Table I. The network diagrams for weight change, pain, and
physical function are represented in Fig. 2, with the total number of
studies evaluating each direct comparison directly proportional to
the width of the lines and the node size representing the number of
participants. The direct and indirect evidence for weight (WMD) and
pain (SMD) is shown in Table II (Supplemental S3. Figures) with
95%ClL.

Weight change

A total of 13 trials (2800 participants) with 8 nodes contributed
to the analysis of weight change (kg) outcomes. All interventions
were significantly more effective at reducing weight compared to
the control comparators. When comparing individual interventions
with the control group, PDE was highly significant for weight loss
(-11.2, 95%Cl: -16.0, -6.5kg), followed by P (-9.3, 95%Cl:
-14.2,-4.5kg), D (-4.9, 95%Cl: -6.9, -2.9kg), and DE (-4.7, 95%Cl:
-6.7, -2.7 kg), respectively. The M (-4.3, 95%Cl: -8.9, 0.3 kg), L (-4.0,
95%CI: -9.1, 1.1kg), and E (-0.4, 95%Cl: -2.7, 1.9 kg) interventions
were not statistically better than control comparators for weight
loss. The comparisons between different interventions suggested
that PDE was significantly more effective for weight loss compared
to E (-10.8, 95%CI: -15.9, -5.7 kg), M (-7.1, 95%Cl: -13.5, -0.6 kg), DE
(6.6, 95%CI: -11.3, -1.8 kg), and D (-6.3, 95%CI: -11.3, -1.3 kg), while
P was more effective than E (-8.9, 95% Cl: -14.1, -3.7 kg) (Table II).

Pain

A total of 12 trials (2744 participants) where seven nodes with a
control group contributed to the comparative pain analyses. Only the
DE intervention was statistically significant compared to the control
(SMD: -2.2, 95%CI: -4.1, -0.2). Neither the PDE (SMD: -3.9, 95%Cl:
-84, 0.5), M (SMD: -1.8, 95%Cl: -6.2, 2.6), P (SMD: -1.5, 95%Cl:
-5.9,2.9), D (SMD: -0.9, 95%CI: -2.9, 1.1), E (SMD: -0.4, 95%CI: -2.9,
2.1), nor L (SMD: -0.2, 95%Cl: -5.2, 4.8) were statistically superior to

control comparators in improving the pain. Among the different
intervention comparisons, there were no statistically significant
differences between interventions for improving pain (Table II and
Supplemental S4. Table).

Physical function

A total of 11 trials (2664 participants) with seven nodes with a
control group contributed to the physical function analysis.
However, out of all the interventions, only PDE (SMD: -15.8, 95%Cl:
-22.2,-9.3) and DE (SMD: -3.2, 95%CI: -6.3, —0.2) were statistically
different from the control. M (SMD: -5.7, 95%CI: -12.2, 0.7), P (SMD:
-4.2, 95%Cl: -10.6, 2.3), L (SMD: -3.0, 95%CI: -10.2, 4.2), D (SMD:
-2.1, 95%CI: 4.9, 0.8), and E (SMD: 0.18, 95%Cl: -3.5, 3.8) alone were
not effective in improving physical function compared to control.
Comparisons between different intervention groups suggested that
PDE significantly improved the physical function compared to E
(SMD: -15.9), D (SMD: -13.7), DE (SMD: -12.6), and M (SMD: -10.2)
(Supplemental S4. Table).

HRQoL

A total of 4 trials (1589 participants) with 4 nodes contributed to
the HRQoL analysis. None of the interventions were superior to the
control (DE: SMD: 3.8 (95%Cl: -1.7, 9.4), E: SMD: 1.3 (95%CI: -5.7,
8.3), and D: SMD: 1.1 (95%Cl: -5.9, 8.1)) or to the other intervention
(D vs E: SMD: 0.1, 95%Cl: -6.2, 6.5) (Supplemental S4. Table).

Rankograms

According to the rankograms, the PDE intervention ranked best
for weight loss with 61.2% probability compared to other interven-
tions. For secondary outcomes, PDE ranked best for pain reduction
with 32.7% probability and 84.8% probability for physical function
improvement compared to other approaches. For HRQoL, the DE
intervention ranked best with a 60.4% probability (Supplemental S5.
Figures). The side-splitting approach manifested no significant evi-
dence of inconsistency for weight change, pain, physical function, or
HRQoL. The network forest plot did not show the presence of in-
consistency among the studies for weight change (3%(9)=7.18,
p=0.62), pain (x*(8)=0.93, p=0.99), physical function (¥*(8)=5.58,
p=0.68), or HRQoL (x*(2) =0.71, p =0.70) (Supplemental S6. Figures).

Safety and withdrawal due to adverse events

A total of 2800 participants were randomized in 13 trials, out of
which 82.46% (n=2309) completed the study. Only nine trials re-
ported adverse events that resulted in a loss of follow-up. The
highest withdrawals due to adverse events were in the L (12.5%,
n=10), C (1.7%, n=13), DE (0.9%, n=7), E (0.63%, n=2), and D in-
tervention (0.27%, n=1). Few studies provided detailed reports of
the adverse events. Those that did were primarily related to exercise
in the E or DE group, such as falls from the treadmill, tripping,
muscle strain, or other body injuries. The overall-mortality rate was
0.25%, with a total of seven deaths reported by four trials.

Risk of bias and credibility of evidence

Out of 13 studies, 12 studies had a high risk of bias, and one had a
low risk of bias. Concerning the specific items of the risk of bias
assessment tool, 85% of the included studies indicated a low risk of
bias for random sequence generation, 62% for allocation conceal-
ment, 92% for incomplete data outcome, 8% for blinding of partici-
pants and personnel, 77% for blinding outcome assessment and 85%
for selective reporting (Supplemental S7. Table).
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Table I (continued)

Weight MD
(95% CI)

Outcomes of
interest

Time
point

Joint  Comorbidities Co-

Participants
completed

Randomized  Analyzed
the study

Female
(N)

Age

Brief

Intervention

Acronym Country

Author

intervention

participants

participants

(Mean)

name
(node)

(Weeks)

2.50 (-0.43
to 5.43)

*Weight (kg)
*VAS pain

52

36 36 knee

67.08 34 40

C

Thailand  OA-related

Quasi-

“Aree-Ue

information

experimental

Study

2017%°

-2.80 (-5.68
to 0.08)

38

38

DE 68.11 34 40

Exercise + weight
management
program

A negative sign with values indicates the decrement. ~This single hip OA study was not included in the qualitative evidence synthesis. “uses Asian BMI criteria for participants (23 kg/m?” to 29.9 kg/m?). *The estimates derived from
available data. ITT: Intention to treat. C: Control; D: Diet; E: Exercise; DE: Diet and exercise; L: Liraglutide; M: Mediterranean diet; P: Psychological; PDE: Psychological, diet, and exercise; N: number; MD: Mean difference; 95% CI:

95% confidence interval; KOOS: knee injury and osteoarthritis outcome score; SF-36: 36-item short form health survey; OHS: Oxford hip score; HOOS: Hip disability and osteoarthritis outcome score; OARSI: Osteoarthritis

research society international; WOMAC: Western Ontario and McMaster Universities Arthritis index; SF12v2: Short-form 12-item survey-version 2; VAS: Visual analog scale.
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Characteristics of trials eligible studies for qualitative evidence synthesis.

According to GRADE evaluation, certainty of evidence for weight
was rated as high to very low (except for D vs M, DE vs M, and M vs P,
evidence was rated low), moderate to very low for pain and physical
function, and very low for HRQoL (primary outcomes in Table Il and
secondary outcomes in Supplemental S8. Table). Serious risk of bias
was mainly related to the blinding of participants and personnel,
unclear reporting of allocation concealment, random sequence, and/
or imprecision.

Sensitivity and subgroup analyses

Sensitivity analysis including only studies with low risk of bias
was not possible to conduct due to low number of studies (n=1)."
The planned subgroup analyses for the BMI > 35 kg/m? and age <59-
year cohorts were also not possible to conduct since only four stu-
dies were included with these parameters. Likewise, only four stu-
dies reported comorbidities. However, subgroup analyses on the no-
comorbidities and <35 BMI cohorts were performed and confirmed
the primary analysis results by showing that the PDE intervention
still ranked best for weight change, pain, and physical function.
While the result of the subgroup analysis included people >60 years
of age, it was inconsistent with the primary analysis as no study with
PDE intervention was present for that cohort. Moreover, for that
cohort, the D intervention ranked best for weight and physical
function, and DE ranked best for pain.

The relationship between weight change and pain is shown in
Fig. 3A and B. A clinically significant reduction in pain would be
predicted (Adj R-squared=40.13%, p=0.044, SE=0.015, and Adj R-
squared=27.93%, p=1.60, SE=0.53, respectively) if the magnitude of
weight reduction was at least 7% or the intensity at least 0.20%
within a 35-week duration, as calculated from an efficacy equation
(upper prediction limit <0). Similarly, as shown in Fig. 3C and D our
results suggested a substantial improvement in physical function
when the magnitude of weight change or intensity of weight change
were used as independent variables (Adj R-squared=41.55%,
B=0.041, SE=0.01 and Adj R-squared=25.71%, B =1.44, SE=0.55, re-
spectively). If the magnitude of weight reduction was at least 8.34%
or the intensity of weight reduction was 0.26% per week, within a
32-week duration, it would predict a significant improvement in
physical function.

Assessing the risk of publication bias

The visual representation of publication bias for no-comorbid-
ities and <35 BMI cohorts was assessed by funnel plots
(Supplemental S9. Figures). The Egger test suggested no publication
bias, but the trim and fill analysis indicated the publication bias for
<35 BML

Discussion

This NMA provides evidence-based estimates of the relative ef-
ficacy of widely used weight loss approaches for people with OA and
their effect on pain, physical function, and HRQoL. Overall, our re-
sults supported previous evidence that weight loss is beneficial for
improving symptoms in people with KOA. However, we did not
identify any eligible observational studies or any relevant studies to
examine the impact of weight loss on HOA, except for one study that
was not part of the quantitative evidence synthesis.>” We found that
a combined intervention of psychological, diet, and exercise (PDE)
resulted in the highest weight loss of 11.2 kg for people with KOA
and ranked best with 61.2% probability but had a low confidence
rating. With 19% probability, the psychological (P) intervention was
the second most effective, resulting in a 9.3 kg weight loss. Notably,
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(A) Weight

DE

M

(C) Physical Function

(B) Pain
DE

DE

POE

P

)

Network diagrams for weight change (trials:13, participants: 2800), pain (trials: 12, participants: 2744), and physical function (trials: 11, parti-
cipants: 2664). The width of the lines presents the number of studies evaluating each direct comparison and the size of the node presents the
population size allocated to each study. C: Control; D: Diet; E: Exercise; DE: Diet and exercise; L: Liraglutide; M: Mediterranean diet; P:

Psychological; PDE: Psychological, diet, and exercise.

the weight loss differences between diet in combination with ex-
ercise (DE) and diet alone (D) were minimal (4.6 kg to 4.9 kg).

The credibility of the evidence was low for C vs PDE, Cvs P, C vs
D, and C vs DE. For pain reduction, PDE ranked best with a 32.7%
probability, improved pain non-significantly by 3.9 units, and had
a very low confidence rating. DE significantly reduced the pain by
2.2 units, but the confidence in the evidence was very low. For
physical function, PDE was ranked best with 84.8% probability and
improved the physical function by 15.8 units. The confidence
rating for PDE was low. DE ranked second with 5.8% probability
with low quality of evidence and improved the physical function
by 3.2 units. The confidence rating for M vs C was very low.
Although a previous meta-analysis >° demonstrated that exercise
can improve physical function, our analysis contradicted these
findings and showed that exercise decreased physical function by
0.2 units, albeit with low-quality evidence. For HRQoL, DE ranked
best with 60.4% probability and improved HRQoL non-significantly
by 3.8 units, followed by E (1.3 units) and D (1.1 units) with very
low confidence.

Another important finding of this NMA was the association
between weight loss and significant improvement in pain and
physical function, indicating that pain and physical function im-
provements can be predicted from weight loss. A previous meta-
analysis 7 suggested that weight loss was not associated with pain
reduction; however, those results were only based on four studies.

The meta-regression models allowed us to indirectly infer the
dose-response associations that are applicable for clinical practice
when recommending weight reduction to KOA patients. Based on
the estimates, to experience a significant reduction in pain, people
with KOA should aim to attain at least 7% weight loss (SMC=0.308),
or approximately 0.20% weight loss per week (SMC=0.32), within a

35-week duration (Fig. 3A). Our findings fit with a previous meta-
analysis that showed 5-10% weight loss was required to sig-
nificantly improve disability, pain, and quality of life in KOA.? Si-
milarly, we were able to predict the effect of weight reduction on
improvements in physical function (Fig. 3C, D). Based on our es-
timates, people with KOA should aim to achieve at least 8.3%
weight loss (SMC=0.34), or approximately 0.26% weight loss per
week (SMC=0.37), within a 32-week duration to experience a
significant improvement in physical function. Again, these findings
are consistent with a previous meta-analysis,”” which indicated a
minimum of 7.5% weight loss was required to reduce disability
significantly. Similarly, a recent NMA suggested that a 25% weight
reduction was necessary to obtain a 50% improvement in physical
function, pain, and joint stiffness, according to meta-regression
analyses.”

Strengths and limitations

Overall, the results of this NMA support the use of weight loss
approaches for adults above a healthy weight to improve knee pain
and physical function in the clinical management of OA. However,
it is important to consider the strengths and limitations of this
study when interpreting the results. The strength of our systematic
review includes a comprehensive literature search on five data-
bases, that has identified seven weight loss approaches delivered
over a minimum of three months. We have combined direct and
indirect evidence through the application of NMA and meta-ana-
lysis methodology, risk of bias assessment, quality of evidence by
the GRADE approach, subgroup analysis, meta-regression with a
95% prediction interval, and employed different approaches to
identify inconsistencies and heterogeneity. Another strength is the
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Comparison Weight WMD (95% CI) Pain SMD (95% CI)
Direct evidence Network meta-analysis Confidence rating Direct Evidence Network meta-analysis Confidence rating

DvsE -5.28 (-7.85 to -2.70) 454 (2.21 to 6.89) Low® -1.51 (-1.85 to -1.18) 0.47 (-1.88 to 2.82) Very low®*
Dvs M -2.90 (-5.30 to -0.49) 0.68 (-3.89 to 5.26) Very low* -1.79 (-2.86 to -0.71) -0.89 (-5.30 to 3.52) Very low**
D vs PDE _ -6.28 (-11.3 to -1.26) Low" _ -3.01 (-7.67 to 1.66) Very low®*
DvsP _ -4.38 (-9.46 to 0.70) Very low®" _ -0.57 (-5.23 to 4.09) Very low®"
DvsL _ 0.96 (-4.54 to 6.45) Low®* _ 0.69 (-4.59 to 5.98) Low®"
Evs M -3.85 (-8.78 to 1.08) Low®* _ -1.33 (-6.12 to 3.46) Very low**
E vs PDE _ -10.80 (-15.92 to -5.68) Low® _ -3.44 (-8.25 to 1.36) Very low®
EvsP _ -8.90 (-14.09 to -3.72) Low®* _ -1.00 (-5.81 to 3.80) Very low**
EvsL _ -3.56 (-9.17 to 2.05) Moderate®” _ 0.27 (-5.18 to 5.72) Low’"
DE vs E -4.37 (-7.51 to -1.22) 4.24 (178 to 6.70) Low® -2.04 (-2.80 to -1.28) 1.69 (-0.79 to 4.16) Very low®
DE vs D -6.43(-9.04 to -3.82) -0.316 (-2.62 to 1.99) Low® -2.21 (-2.79 to -1.62) 1.21 (-0.99 to 3.41) Very low**
DE vs M _ 0.37 (-4.49 to 5.23) Very low®" _ 0.31 (-4.37 to 4.99) Very low®"
DE vs PDE -3.72 (-10.38 to 2.95) -6.57 (-11.32 to -1.83) Low®* -2.75 (-5.38 to -0.12) -1.79 (-6.21 to 2.64) Very low®*
DE vs P -2.48 (-8.19 to 3.22) -4.67 (-9.48 to 0.13) Very low®* -1.52 (-2.17 to -0.88) 0.65 (-3.77 to 5.08) Very low®*
DE vs L _ 0.66 (-4.84 to 6.15) Moderate®* _ 1.88 (-3.42 to 7.18) Low’*
CvsE -3.85 (-6.54 to -1.16) -0.42 (-2.73 to 1.89) Low® -1.20 (-1.74 to -0.66) -0.42 (-2.89 to 2.05) Very low®"
CvsD -5.07 (-7.90 to -2.24) -4.98 (-6.98 to -2.98) Low® -1.21 (-1.64 to -0.78) -0.89 (-2.86 to 1.07) Very low**
C vs DE -1.84 (-4.06 to 0.39) -4.69 (-6.67 to —2.67) Low® -2.19(-4.21 to -0.18) -2.15 (-4.08 to -0.21) Very low®"
CvsM -1.19 (-4.51 to 2.14) -4.29 (-8.87 to 0.30) Low* -1.51 (-3.07 to 0.06) -1.79 (-6.23 to 2.64) Very low®*
C vs PDE -1.83 (-12.59 to 8.93) -11.24 (-16.00 to -6.48) Low® -2.60 (-5.56 to 0.36) -3.92 (-8.36 to 0.51) Very low®
CvsP -0.73 (-9.65 to 8.18) -9.34 (-14.16 to -4.52) Low®" -1.39 (-2.11 to -0.67) -1.48 (-5.92 to 2.95) Very low®*
CvsL -0.78 (-4.70 to 3.14) -4.00 (-9.13 to 1.13) High* 0.01 (-0.52 to 0.54) -0.2 (-5.19 to 4.79) Moderate”
M vs PDE _ -7.05 (-13.51 to -0.59) Low®* _ -2.37 (-7.98 to 3.23) Very low®*
M vs P _ -5.15 (-11.65 to 1.35) Very low®” _ 0.07 (-5.54 to 5.67) Very low**
Muvs L _ 0.18 (-6.59 to 6.96) Low®* _ 1.33 (-4.74 to 7.39) Low®"
PDE vs P -6.15 (-11.59 to -0.72) 157 (-3.75 to 6.90) Very low* -2.88 (-5.27 to —0.49) 1.87 (-2.83 to 6.57) Very low**
PDE vs L _ 6.72 (-0.17 to 13.62) Moderate®” _ 2.80 (-3.32 to 8.93) Low’"
PvsL _ 4.92 (-2.01 to 11.85) Low®* _ 1.09 (-4.97 to 7.17) Low®"

A negative sign with value indicates the reduction. $: within study bias, #: imprecision. WMD: Weighted mean difference; SMD: Standardized mean difference; 95% CI: 95%
confidence interval; C: Control; D: Diet; E: Exercise; DE: Diet and exercise; L: Liraglutide; M: Mediterranean diet; P: psychological; PDE: Psychological, diet, and exercise.

Table Il

-
Osteoarthritisand Cartilage

Direct and network meta-analysis evidence and quality ratings for comparison of weight loss interventions effect on weight and pain.

stringent inclusion criteria for follow-up (3 months for RCTs and
1-year for observational studies) that are paramount in enhancing
clinical trial validity and quality. However, due to our strict in-
clusion criteria for follow-up, we excluded four bariatric surgery
observational studies with a follow-up of <1 year. Therefore, we
were unable to comment on the effectiveness of surgical weight
loss interventions for OA. Furthermore, data at multiple time
points was not extracted, limiting our ability to determine at
which time point the weight and pain reduction were highest.
Another major constraint was that the supposedly most effective
intervention (PDE) was supported by only one trial with imprecise
estimates. The lack of classification of diets into different cate-
gories (e.g., high-intensity diet, low-calorie diet), limited the in-
terpretation of our results to determine which specific dietary
interventions would work better. We only report trials related to
KOA, and our results may not be generalizable to other joints. Only
four studies reported HRQoL outcomes, which precluded us from
reaching a meaningful conclusion on this outcome. In addition,
there was inadequate reporting of ethnicity and adverse event
data, which halted the quantitative analysis of those outcomes.
Moreover, meta-regression analysis provided us with dose-re-
sponse associations between weight change and pain or physical
function, but this type of analysis based on aggregate data has a
risk of methodological pitfalls (e.g., ecological fallacy), which can
impact the found associations.*® Finally, the authors are also aware
of additional GLP-1 clinical trials nearing completion that are not
included in the current review (e.g., the STEP 9 Trial >°); however,
given the rapidly changing evidence in this space, we recommend
a future systematic review of this topic.

Clinical implications and future research

Existing clinical practice guidelines consistently recommend
weight loss for the management of OA in people above a healthy
weight. However, guidelines are typically vague on the relative ef-
fectiveness of the various weight loss interventions that should be
recommended to OA patients to optimize health outcomes and lack
reliable information to assist individuals with OA and health pro-
fessionals to select the most effective weight loss approach. This
systematic review bridges an important research gap by ascertaining
the comparative effectiveness of a wide variety of weight loss in-
terventions with quality evidence. Our study shows that the in-
tegrated delivery of a psychological (e.g., pain coping skills training),
diet and exercise approach (PDE) provides better outcomes than
exercise, diet only, or diet and exercise combined. Findings from our
study should be considered when developing or updating KOA
clinical practice guidelines, particularly the support for PDE inter-
vention in overweight/obese people. By delineating the relationship
between weight loss and improvements in pain and physical func-
tion, we sought to provide health professionals with specific weight
loss targets to improve pain and function in OA patients. Future
research should focus on conducting high-quality RCTs testing the
effectiveness of PDE intervention, particularly in people with KOA
and/or HOA, to provide the quality evidence needed to develop a
personalized approach for managing KOA and HOA in overweight/
obese individuals. Observational studies of surgical interventions
with a follow-up of >1 year may also be warranted. The results of
this systematic review could be beneficial to people who have OA in
different joints or with different types of arthritis where weight loss
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Weighted random effects meta-regression analysis: Standardized mean change (SMC) of pain (A, B), and physical function (C, D) of each study
at different intensities (B, D); a decrement in SMC represents a clinical improvement in pain and physical function. The linear prediction line is
shown with a 95% prediction interval and represents the variance projected by weight change magnitude and intensity. The colored triangle
represents the prediction, including random effects, and the dark orange colored circle represents the SMC- an area of each circle is inversely
proportional to the random effects variance. A dotted vertical line is shown with its corresponding values representing the point where the 95%

prediction interval indicates a clinically significant improvement.

plays an important role (e.g., rheumatoid arthritis);*>*' however,
more work is needed to ascertain the effects in these populations.

Conclusion

The results from this NMA suggest that the combined interven-
tions of psychological, diet, and exercise (PDE) and diet and exercise
(DE) may be the most effective approaches for substantial weight
loss, leading to pain reduction, and improved physical function in
KOA individuals. Meanwhile, psychological (P) and diet (D) inter-
ventions are effective for only weight loss. The result of that study
supports the practice of recommending PDE or DE for a significant
weight reduction to improve pain and physical function, at least 7%
weight loss within 35 weeks for pain reduction and 8.34% weight
loss within 32 weeks for physical function improvement.

Ethical approval

Ethical approvals are not required for this systematic review.

Funding

There was no funding provided for this work. Section for
Biostatistics and Evidence-Based Research, the Parker Institute,
Bispebjerg and Frederiksberg Hospital is supported by a core grant
from the Oak Foundation (OCAY-18-774-OFIL). AS was supported by

IRSIP-HEC [International Research Support Initiative Program-Higher
Education Commission] of Pakistan (No: 1-8/HEC/HRD/2023/12759).

Author contributions

Arashi Shahid: Conception and design, acquisition of data, data
analysis and interpretation, drafting and final approval of the article.
Aricia Jieqi Thirumaran: Acquisition of data, data preparation, and
review and final approval of the article. Robin Christensen:
Conception and design, data analysis and interpretation, critical re-
vision, and final approval of the article. Venkatesha Venkatesha:
Data preparation, data analysis and interpretation, final approval of
the article. Marius Henriksen: Conception and design, interpreta-
tion, critical review and final approval of the article. Jocelyn L
Bowden: Conception and design, drafting and critical revision of the
article, final approval of the article. David J. Hunter: Conception and
design, critical revision of the article, final approval of the article.

Declaration of competing interest

AS declares no competing interests.

AJT declares no competing interests.

RC declares no financial conflicts of interest; he is the statistical
editor of ‘Osteoarthritis and Cartilage’ and ‘Acta Orthopaedica’.

VV declares no competing interests.

MH provides consulting advice on scientific advisory boards for
Thuasne and Contura International.



528

A. Shahid et al. / Osteoarthritis and Cartilage 33 (2025) 518-529

JLB declares no competing interests.
DJH is employed by the University of Sydney and Royal North

Shore Hospital. His salary support for the University of Sydney is
supported by Arthritis Australia and an NHMRC Investigator Grant
Leadership 2 (#1194737). DJH is the co-director of the Sydney
Musculoskeletal Health Flagship. In addition, DJH is the editor of the
osteoarthritis section for UpToDate and co-Editor in Chief of
Osteoarthritis and Cartilage. DJH provides consulting advice on sci-
entific advisory boards for Haledon, Pfizer, Lilly, TLCBio, Novartis,
Tissuegene, and Biobone.

Acknowledgments

None.

Appendix A. Supporting information

Supplementary data associated with this article can be found in

the online version at doi:10.1016/j.joca.2024.08.012.

References

1.

2.

10.

11.

King LK, March L, Anandacoomarasamy A. Obesity & osteoar-
thritis. Indian ] Med Res 2013;138:185-93.

Samuels |, Attur M. Assessing the impact of bariatrics on os-
teoarthritis progression. Osteoarthritis Cartilage 2023;31:552-3.

. Chu IJH, Lim AYT, Ng CLW. Effects of meaningful weight loss

beyond symptomatic relief in adults with knee osteoarthritis
and obesity: a systematic review and meta-analysis. Obes Rev
2018;19:1597-607.

. Messier SP, Resnik AE, Beavers DP, Mihalko SL, Miller GD, Nicklas

BJ, et al. Intentional weight loss in overweight and obese pa-
tients with knee osteoarthritis: is more better? Arthritis care Res
2018;70:1569-75.

. Chu SF, Liou TH, Chen HC, Huang SW, Liao CD. Relative efficacy of

weight management, exercise, and combined treatment for
muscle mass and physical sarcopenia indices in adults with
overweight or obesity and osteoarthritis: a network meta-ana-
lysis of randomized controlled trials. Nutrients 2021;13:1992.

. Couldrick JM, Woodward AP, Silva MDC, Lynch T, Perriman DM,

Barton (], et al. Evidence for key individual characteristics as-
sociated with outcomes following combined first-line inter-
ventions for knee osteoarthritis: a systematic review. PLoS One
2023;18, e0284249.

. Panunzi S, Maltese S, De Gaetano A, Capristo E, Bornstein SR,

Mingrone G. Comparative efficacy of different weight loss
treatments on knee osteoarthritis: a network meta-analysis.
Obes Rev 2021;22, e13230.

. Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH,

Cameron C, et al. The PRISMA extension statement for reporting
of systematic reviews incorporating network meta-analyses of
health care interventions: checklist and explanations. Ann Intern
Med 2015;162:777-84.

. Covidence systematic review software. Veritas Health Innovation:

Melbourne, Australia. ¢(https://www.covidence.org/).

Smith TO, Hawker GA, Hunter D], March LM, Boers M, Shea B]J,
et al. The OMERACT-OARSI core domain set for measurement in
clinical trials of hip and/or knee osteoarthritis. ] Rheumatol
2019;46:981-9.

Juhl C, Lund H, Roos EM, Zhang W, Christensen R. A hierarchy of
patient-reported outcomes for meta-analysis of knee osteoar-
thritis trials: empirical evidence from a survey of high impact
journals. Arthritis 2012;2012, 136245.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

A revised Cochrane risk-of-bias tool (RoB 2) for randomized trials.
(https://methods.cochrane.org/bias/resources/rob-2-revised-
cochrane-risk-bias-tool-randomized-trials).

Fransen M, McConnell S, Harmer AR, Van der Esch M, Simic M,
Bennell KL. Exercise for osteoarthritis of the knee: a Cochrane
systematic review. Br ] Sports Med 2015;49:1554-7.
Papakonstantinou T, Nikolakopoulou A, Higgins JPT, Egger M,
Salanti G. CINeMA: Software for semiautomated assessment of
the confidence in the results of network meta-analysis.
Campbell Syst Rev 2020;16, e1080.

Shim S, Yoon BH, Shin IS, Bae JM. Network meta-analysis: ap-
plication and practice using Stata. Epidemiol Health 2017;39,
e2017047.

Page P. Beyond statistical significance: clinical interpretation of
rehabilitation research literature. Int ] Sports Phys Ther
2014;9:726-36.

Christensen R, Henriksen M, Leeds AR, Gudbergsen H, Christensen P,
Sorensen TJ, et al. Effect of weight maintenance on symptoms of
knee osteoarthritis in obese patients: a twelve-month randomized
controlled trial. Arthritis Care Res 2015;67:640-50.

Bliddal H, Leeds AR, Stigsgaard L, Astrup A, Christensen R.
Weight loss as treatment for knee osteoarthritis symptoms in
obese patients: 1-year results from a randomised controlled
trial. Ann Rheum Dis 2011;70:1798-803.

Gudbergsen H, Overgaard A, Henriksen M, Waehrens EE, Bliddal
H, Christensen R, et al. Liraglutide after diet-induced weight loss
for pain and weight control in knee osteoarthritis: a randomized
controlled trial. Am ] Clin Nutr 2021;113:314-23.

Hsu YI, Chen YC, Lee CL, Chang NJ. Effects of diet control and
telemedicine-based resistance exercise intervention on patients
with obesity and knee osteoarthritis: a randomized control trial.
Int ] Environ Res Public Health 2021;18:7744.

Messier SP, Beavers DP, Queen K, Mihalko SL, Miller GD, Losina
E, et al. Effect of diet and exercise on knee pain in patients with
osteoarthritis and overweight or obesity: a randomized clinical
trial. JAMA 2022;328:2242-51.

Messier SP, Mihalko SL, Legault C, Miller GD, Nicklas BJ, DeVita P,
et al. Effects of intensive diet and exercise on knee joint loads,
inflammation, and clinical outcomes among overweight and
obese adults with knee osteoarthritis: the IDEA randomized
clinical trial. JAMA 2013;310:1263-73.

Messier SP, Loeser RF, Miller GD, Morgan TM, Rejeski W],
Sevick MA, et al. Exercise and dietary weight loss in over-
weight and obese older adults with knee osteoarthritis: the
Arthritis, Diet, and Activity Promotion Trial. Arthritis Rheum
2004;50:1501-10.

Miller GD, Nicklas BJ, Davis C, Loeser RF, Lenchik L, Messier SP.
Intensive weight loss program improves physical function in older
obese adults with knee osteoarthritis. Obesity 2006;14:1219-30.
O'Brien KM, Wiggers J, Williams A, Campbell E, Hodder RK,
Wolfenden L, et al. Telephone-based weight loss support for
patients with knee osteoarthritis: a pragmatic randomised
controlled trial. Osteoarthritis Cartilage 2018;26:485-94.

Rafig MT, Hamid MSA, Hafiz E, Rashid K, Chaudhary FA. The role
of rehabilitation exercises on weight, functional strength, and
exercise adherence in knee osteoarthritis patients. Curr
Rheumatol Rev 2021;17:397-403.

Sadeghi A, Zarrinjooiee G, Mousavi SN, Abdollahi Sabet S, Jalili N.
Effects of a Mediterranean diet compared with the low-fat diet
on patients with knee osteoarthritis: a randomized feeding trial.
Int J Clin Pract 2022;2022, 7275192.

Somers TJ, Blumenthal JA, Guilak F, Kraus VB, Schmitt DO,
Babyak MA, et al. Pain coping skills training and lifestyle beha-



29.

30.

31.

32.

33.

34.

35.

A. Shahid et al. / Osteoarthritis and Cartilage 33 (2025) 518-529

vioral weight management in patients with knee osteoarthritis:
a randomized controlled study. Pain 2012;153:1199-209.
Aree-Ue S, Saraboon Y, Belza B. Long-term adherence and ef-
fectiveness of a multicomponent intervention for community-
dwelling overweight Thai older adults with knee osteoarthritis:
1-year follow up. ] Gerontol Nurs 2017;43:40-8.

Cannata F, Laudisio A, Russo F, Ambrosio L, Vadala G, Cardinale ME,
et al. Weight loss in patients waiting for total hip arthroplasty: fiber-
enriched high carbohydrate diet improves hip function and de-
creases pain before surgery. | Clin Med 2021;10:4203.

Ustun I, Solmaz A, Gulcicek OB, Kara S, Albayrak R. Effects of
bariatric surgery on knee osteoarthritis, knee pain and quality of
life in female patients. ] Musculoskelet Neuronal Interact
2019;19:465-71.

Edwards C, Rogers A, Lynch S, Pylawka T, Silvis M, Chinchilli V,
et al. The effects of bariatric surgery weight loss on knee pain in
patients with osteoarthritis of the knee. Arthritis 2012;2012,
504189.

Rishi L, Bhandari M, Kumar R. Can bariatric surgery delay the
need for knee replacement in morbidly obese osteoarthritis
patients. ] Minim Access Surg 2018;14:13-7.

Richette P, Poitou C, Garnero P, Vicaut E, Bouillot JL, Lacorte JM,
et al. Benefits of massive weight loss on symptoms, systemic
inflammation and cartilage turnover in obese patients with knee
osteoarthritis. Ann Rheum Dis 2011;70:139-44.

Hacken B, Rogers A, Chinchilli V, Silvis M, Mosher T, Black K.
Improvement in knee osteoarthritis pain and function following

36.

37.

38.

39.

40.

41.

529

bariatric surgery: 5-year follow-up. Surg Obes Relat Dis
2019;15:979-84.

Si ], Sun L, Li Z, Zhu W, Yin W, Peng L. Effectiveness of home-
based exercise interventions on pain, physical function and
quality of life in individuals with knee osteoarthritis: a sys-
tematic review and meta-analysis. ] Orthop Surg Res
2023;18:503.

Christensen R, Bartels EM, Astrup A, Bliddal H. Effect of weight
reduction in obese patients diagnosed with knee osteoarthritis:
a systematic review and meta-analysis. Ann Rheum Dis
2007;66:433-9.

Geissbiihler M, Hincapié CA, Aghlmandi S, Zwahlen M, Jiini P, da
Costa BR. Most published meta-regression analyses based on
aggregate data suffer from methodological pitfalls: a meta-epi-
demiological study. BMC Med Res Methodol 2021;21:123.
Bliddal H, Bays H, Czernichow S, Hemmingsson JU, Hjelmesath
J, Morville TH, et al. Semaglutide 2.4 mg efficacy and safety in
people with obesity and knee osteoarthritis: results from the
STEP 9 randomised clinical trial. Osteoarthritis Cartilage
2024;32:745-6.

Bliddal H, Leeds AR, Christensen R. Osteoarthritis, obesity and
weight loss: evidence, hypotheses and horizons - a scoping
review. Obes Rev 2014;15:578-86.

Weijers JM, Miiskens WD, van Riel PLCM. Effect of significant
weight loss on disease activity: reason to implement this non-
pharmaceutical intervention in daily clinical practice. RMD Open
2021;7, e001498.



	Comparison of weight loss interventions in overweight and obese adults with knee osteoarthritis: A systematic review and net...
	Background
	Methods
	Search strategy
	Study selection
	Data extraction
	Quality assessment and GRADE
	Statistical analysis

	Results
	Weight change
	Pain
	Physical function
	HRQoL
	Rankograms
	Safety and withdrawal due to adverse events
	Risk of bias and credibility of evidence
	Sensitivity and subgroup analyses
	Assessing the risk of publication bias

	Discussion
	Strengths and limitations
	Clinical implications and future research

	Conclusion
	Ethical approval
	Funding
	Author contributions
	Declaration of competing interest
	Acknowledgments
	Appendix A. Supporting information
	References


