Title

A critical review of weight loss recommendations before total knee arthroplasty

Authors:

Kristine Godziuk?, Carla M. Prado®, Lauren Beaupre®, C.Allyson Jones®, Jason Werled, Mary
Forhan?

®Department of Occupational Therapy, Faculty of Rehabilitation Medicine, University of
Alberta, Edmonton, AB, Canada

bDepartment of Agricultural, Food and Nutritional Science, Faculty of Agricultural, Life and
Environmental Sciences, University of Alberta, Edmonton, AB, Canada

‘Department of Physical Therapy, Faculty of Rehabilitation Medicine, University of Alberta,
Edmonton, AB, Canada

dSection of Orthopaedic Surgery, Department of Surgery, University of Calgary, Calgary, AB,
Canada

Corresponding Author:

Kristine Godziuk

Faculty of Rehabilitation Medicine, University of Alberta

8205 — 114 Street, 2-64 Corbett Hall, Edmonton, AB, T6G 2G4

Ph: 780-492-9020, Fax: 780-492-4628, Email: godziuk@ualberta.ca

Declarations of interest: none


mailto:godziuk@ualberta.ca

Abstract

Objective: Increased infection risk after total knee arthroplasty (TKA) in patients with a higher
body mass index (BMI), particularly a BMI >40 kg/m?, suggests that BMI reduction (through
weight loss) prior to TKA may be important. However, the impact of weight loss on TKA risk
reduction is unclear. Further, weight loss could have detrimental consequences with respect to
muscle loss and development of sarcopenic obesity, whereby a potential weight loss paradox in
adults with advanced knee OA and obesity may be present. Using a critical review approach, we
examined the current evidence supporting weight loss in adults with obesity and advanced knee
osteoarthritis (OA). We focused on three key areas: 1) TKA complication risk with severe
obesity compared to obesity (BMI >40 kg/m? versus 30.0-39.9 kg/m?); 2) weight loss
recommendations for individuals with advanced knee OA; and 3) TKA outcomes after pre-
surgical weight loss.

Methods: Medline and CINAHL databases were examined from Jan 2010 to May 2020 to
identify high-level and/or clinically-influential evidence (systematic reviews, meta-analyses and
clinical practice guidelines).

Results: The literature does not show a clear relationship between weight loss and reduction in
TKA complications, and no indication that a patients’ individual risk is lowered by reducing
their BMI from a threshold of >40 kg/m? to <39.9 kg/m?. Studies that have found a benefit of
weight loss for knee OA have not included patients with higher BMIs (>40 kg/m?) or more
advanced knee OA. Further, there is unclear evidence of a benefit of pre-surgical weight loss on
TKA outcomes. These are important evidence gaps, suggesting that recommendations for BMI
reduction prior to TKA should be tempered by the current uncertainty in the literature.

Conclusion: Evidence to support a benefit of weight loss prior to TKA is lacking. Until
knowledge gaps are clarified, it is recommended that practitioners consider individual patient
needs and risk before recommending weight loss (and therefore BMI reduction).
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Introduction

Obesity is closely linked with the development and progression of knee osteoarthritis (OA)[1].
As a result, it is routinely labeled as a “modifiable” risk factor in OA care pathways. However
this depiction may be too simplistic considering obesity is now understood to be a persistent
chronic disease with complex inherent feedback loops that make sustained weight loss
challenging[2]. Working with individuals to achieve weight loss is still important for those who
have the disease of obesity. Modest weight reduction (5-10% of body weight) is associated with
improved metabolic and cardiovascular function[3], and may provide symptomatic and
functional benefits for knee OA[4]. However, ongoing support as part of a comprehensive
obesity treatment plan, including pharmacotherapy, may be necessary to achieve and maintain
this magnitude of weight loss[5]. Obesity is not simply treated through patient effort and

motivation[6].

Representations of the modifiability of obesity may be particularly problematic with respect to
management of advanced knee OA and access to total knee arthroplasty (TKA). Numerous
studies and systematic reviews have been published supporting the association between obesity
[defined only using body mass index (BMI) classification] and increased risk for surgical
complications, particularly infection, with TKA[7]. In conjunction with an increased focus on
healthcare cost savings[8], this has resulted in some orthopedic centres and surgeons establishing
maximum BMI thresholds for TKA eligibility[9]. Primarily individuals with a BMI >40 kg/m?
(defined as class 111 obesity[10] or severe obesity[11]) are denied or delayed access to
arthroplasty until they take measures to lose weight and reduce their BMI below this
threshold[12]. Although there is debate about this practice[13], it persists despite concerns about
ensuring equitable access to effective care[14], and unclear indications that weight loss before
TKA reduces risk of complications[15]. Fundamentally, this inconsistent messaging creates
confusion for clinical practitioners on best-practice[16]. While this issue has drawn significant
attention in the U.S.A. due to higher rates of obesity and TKA procedures, this is an

internationally identified clinical challenge[17-19].

The potential negative repercussions of weight loss requirements before TKA must also be
considered. Patients may use unsupervised energy restriction or fad diets to attempt to lower

their BMI to be eligible for TKA access[20]. As a result, muscle mass is lost alongside fat mass,



accounting for 20-30% of weight loss[21]. Bone mass also decreases[22], and overall energy
metabolism slows down[23]. This increases the likelihood of weight regain, primarily through
increased fat mass[24]. Patients may then be left with a body composition that could predispose
or precipitate the onset of sarcopenic obesity (low muscle mass with higher fat mass), a condition
with significant negative implications on physical function, mobility, and surgical and mortality
risk[25]. Individuals with knee OA are already at high risk for skeletal muscle wasting[26], so
additional reductions in muscle mass may be particularly detrimental to overall health.
Moreover, many patients with severe obesity may still eventually require a TKA[27], and will
likely present with further deteriorated muscle mass and physical function associated with delays
in accessing care[28]. They may be catabolic or at high risk of malnutrition as a result of weight
loss attempts, which increases their risk for infection after surgery[29]. This suggests a potential
weight loss paradox with advanced knee OA, where recommendations for weight loss based on
risk of surgical complications could contrarily increase risk and contribute to poorer long-term

outcomes.

In view of this uncertainty, the purpose of this paper is to critically examine the current literature
regarding weight loss (and therefore BMI reduction) in individuals with severe obesity and
advanced knee OA. This is necessary to clarify if substantial evidence of effectiveness exists to
support continued weight loss recommendations prior to TKA. This is an important and timely
discussion as the prevalence of both OA and severe obesity are projected to increase in the
coming decade[30], resulting in further access requests for TKA from this clinical population.
Specifically, we aimed to identify, synthesize, and evaluate evidence from the literature in three
key areas: 1) TKA complication risk with severe obesity compared to obesity (BMI >40.0 kg/m?
versus 30.0-39.9 kg/m?); 2) weight loss recommendations for individuals with advanced knee

OA; and 3) TKA outcomes after pre-surgical weight loss.
Methods

A critical review approach was chosen as it enabled a discernment of current evidence across the
breadth of this topic, while supporting the formulation of new ideas as a foundation for future
work[31]. Relevant articles were identified using a comprehensive search of Medline and
CINAHL databases from January 2010 to May 2020. Higher-level evidence (systematic reviews

of randomized trials or observational studies, with or without meta-analyses) and clinically-



relevant literature (clinical practice guidelines and consensus papers) were targeted as these are
most likely to influence and guide practice in healthcare settings. MESH headings and truncated
keywords (including subsets and acronyms) for knee osteoarthritis, knee arthroplasty, joint
replacement, obesity, body mass index, weight, weight loss, systematic review, meta-analysis,
consensus, and clinical practice guidelines were used in combination to identify relevant
evidence (full search presented in Supplementary Appendix A). Full text articles published in
English were included in the review. Pertinent findings are summarized and discussed in an
integrated and conceptual manner. For consistency in terminology, we have identified a BMI
<30 kg/m? as no obesity, a BMI 30.0-39.9 kg/m? as obesity, and a BMI of >40 kg/m? as severe
obesity.

Evidence regarding TKA complication risk with severe obesity compared to obesity

Our search identified seven systematic reviews[7,32—37] (including five with meta-
analyses[7,33-35,37]) specifically examining TKA risk with severe obesity (Table 1). The
majority of reviews (n=5) compared severe obesity to the reference category of no obesity (BMI
<30 kg/m?) [7,32-34,36]. One review by Chen et al.[37] compared BMI groups >40 kg/m? with
<40 kg/m?, reporting an increased odds ratio for infection with severe obesity (4.00, 95% Cl
1.23-12.98). Only one review (McElroy et al.[35]) specifically compared TKA risk in severe
obesity with obesity, reporting an increased relative risk for perioperative complications (2.85;
95% CI 1.2-6.5) and 5-year implant failure (9.71; 95% CI 1.2-78.8) with severe obesity.

While findings from these systematic reviews support that risk for TKA complications is higher
with severe obesity compared to obesity, they do not indicate how risk varies with changes in
BMI. To interpret the results of McElroy et al.[35] as an individual with a BMI of 42 kg/m? has
an almost threefold risk for complications compared to someone with a BMI of 38 kg/m? is
inappropriate. This type of clinical inference is prevented by dichotomous comparisons of BMI
categories, which are problematic as BMI is a continuous variable[38]. This assumes that risk is
flat within BMI categories, whereas it is likely variable and related to increased prevalence of
adiposity-related comorbidities with higher BMIs. Further, dichotomous comparisons do not
provide information on how risk differs with decrement changes in BMI. This is most relevant
when making individual patient-level recommendations regarding weight loss and BMI

reduction prior to TKA. This is an important gap in the current literature.



Recently, Wagner et al.[39] examined continuous BMI in a single-institution registry analysis of
n= 22,289 consecutive TKA patients. They found a 7% increased risk of superficial or deep
infection per unit increase in BMI >35 kg/m? (hazard ratio 1.07). While this increased risk of
infection suggests that decrement changes in BMI through weight loss may be relevant to reduce
risk, a higher BMI was also correlated with diabetes and low albumin in their patients (factors
also associated with increased infection risk)[39]. This indicates the importance of separating the

component risks of each of these factors.

TKA complications are likely influenced by multiple individual factors associated with a higher
BMI, such as increased prevalence of diabetes (with implications on wound healing), longer
operating times and deeper incisions required in larger-sized limbs, and under-dosing of
prophylactic antibiotics relative to body size[33]. An individual with a BMI >40 kg/m? and well-
controlled comorbidities could have a similar risk profile compared to an individual with a BMI
<40 kg/m? but significant adiposity-related metabolic health impairments. Figure 1 is presented
as an illustration in this regard, based on actual patient data from our previous work[40]. Despite
different BMIs, all three patients have similar fat mass percentages and adiposity-related
comorbidities. This illustrates the weakness of BMI as a surrogate measure of individual
adiposity and related health risk[41], and the limitations of comparisons by BMI categories
alone. Suggesting that Patient A is ineligible for TKA unless they lose weight (based on a BMI
threshold of <40 kg/m?to access TKA), whereas Patient B and C can proceed to surgery
discounts the relative greater importance of diabetes, malnutrition, and age as contributors to
surgical risk[42,43].

Overall, our search found no indications that a patients’ individual risk for TKA complications
would decrease by moving their BMI from the threshold of >40 kg/m?to <39 kg/m?. Further, it is
unlikely for a patient to be able to reduce their BMI from a higher to lower category (i.e. from
>40 kg/m? to <30 kg/m?) Therefore, there is a critical need for high quality research that can
clarify if decrement reductions in BMI through weight loss translate to reductions in risk for

TKA complications.
Evidence regarding weight loss recommendations for individuals with advanced knee OA

Our search identified nine clinical practice guidelines (CPGs)[44-52] and three systematic

reviews[53-55] that included weight loss recommendations for knee OA. These CPGs (Table 2)



were from the American Academy of Orthopedic Surgeons (AAOS)[48,50], the American
College of Rheumatology (ACR)[46,51], the Arthritis Foundation[51], the European League
Against Rheumatism (EULAR)[47], and the Osteoarthritis Research Society International
(OARSI)[49,52]. The majority were published in 2010-2014[44-49], one in 2016[50], and two
recently in 2019[51,52]. Weight loss or weight management (for adults with overweight or
obesity) was suggested as a core treatment for knee OA in these CPGs, with varied indications
that supporting evidence was of strong[46,51,52], good[49], or poor quality[45,48] (Table 2).
Three CPGs specifically recommended a loss of >5% of body weight to improve clinical
symptoms[45,49,51], based on findings from a 2007 meta-analysis[56]. Only one CPG included
a contraindication for weight loss, for individuals with polyarticular arthritis and frailty[52].
Evidence limitations regarding weight loss were discussed in only two CPGs[45,47]. Brosseau et
al.[45] suggested the literature depth is narrow with risk for bias, as studies regarding weight loss
are primarily from three productive laboratories. Further, Fernandes et al.[47] identified a lack of

evidence on weight loss maintenance after interventions.

None of the CPGs included specific recommendations based on knee OA severity. Therefore, we
examined the supporting references for indications in this regard. Only one systematic review
[Christensen et al.[56] (2007): a meta-analysis of four randomized trials (RCTs)] was referenced
in the CPGs[44,46,47,49], and the remainder were individual trials. In total, nine unique RCTs
were distinguished from all CPG references (Table 3). These RCTs were primarily published
between 1998[57] and 2011[58,59], and examined weight loss interventions in cohorts with
diverse knee OA presence. Three trials[58,60-62] did not consider radiographic presence, with
inclusion based on self-reported symptoms. Others limited inclusion to mild or moderate disease
presentations (identified on radiographic exam as grade 2-3 on a Kellgren-Lawrence scale[63]).
Participants with severe OA[64—71] or functional implications requiring the use of gait aids[64—
67,70,72] were specifically excluded from the majority of trials. Messier et al. specifically noted
that the Intensive Diet and Exercise for Arthritis (IDEA) trial results were not transferable to
individuals with severe knee OA[73]. Additionally, the mean BMI of participants included in
trials ranged from 28.9 kg/m? to 37.3 kg/m? (Table 3). This may reflect the lower prevalence of
severe obesity during this time period, with only a more recent rise noted in global rates of class
111 obesity[74]. Only the IDEA trial explicitly excluded people with BMIs >41 kg/m? due to
scanning equipment capacity[64,70]. Some trials excluded participants based on a reported lack



of motivation to lose weight[68,69,71] without describing how this was assessed. As participant
motivation to lose weight is a subjective concept (and not defined or objectively assessed in
these trials), this could suggest selection bias in participant inclusion. Overall, these references
do not support that current CPG weight loss recommendations are transferable or relevant to
individuals with either advanced knee OA, or severe obesity. Nor do they warrant the conclusion
that evidence is strong for weight loss as an effective management strategy for advanced knee
OA.

Our search also identified three additional systematic reviews regarding weight loss in knee
OA[53-55]. Alrushud et al.[53] examined the effects of combined nutrition and physical activity
on weight loss and physical function in adults with knee OA. Their meta-analyses found no
evidence of effectiveness. Chu et al.[54] found a 5-10% weight loss resulted in small positive
changes in pain, quality of life, and self-reported disability. However their conclusions reflect
our findings above, reporting that results were only relevant for adults with a BMI of 33.6-36.4
kg/m? and mild to moderate knee OA[54]. A review by Hall et al.[55] compared weight loss
through diet alone or combined diet and exercise, reporting that both resulted in moderate effects
on function. However, studies where OA presence was not required were included in their
analysis, which limits the transferability of results. Although these reviews are more
contemporary (published in 2017-2019)[53-55], they primarily included the same RCTs from
Table 3 (IDEA, ADAPT, and CAROT trials). This supports the comments from Brosseau et

al.[45] regarding the limited depth of literature in this area.

An additional concern is the approaches used to elicit weight loss in these trials. Interventions
focused on considerable dietary caloric restriction, ranging from daily energy intake reductions
of -600-1000 kcal/day[60-62,64,70], or very low energy diets with total caloric intake of 415-
810 kcal/day[68,71]. Basing weight loss recommendations on studies that have involved
significant caloric restriction does not follow current recommendations for obesity
management[75] that advise of the risks of this practice related to negative long-term

implications on bone, muscle mass, and metabolism[76].

A recent study by Houston et al.[77] examined longitudinal body composition after a weight loss
intervention in a sample of n=60 older adults, including a subset who were involved in the IDEA

trial. They reported that participants’ fat mass returned to within 1 kg of their baseline after a



mean 3.5 years, and % fat mass was 2.5% higher. Muscle mass had continued to decline,
supporting that individuals involved in caloric restriction were at higher risk for sarcopenic

obesity as a result of muscle mass lost in this process.

A more recent community study of supervised energy restriction for individuals with advanced
knee OA has shown short-term weight loss had positive implications on function, particularly
with weight loss >7% of initial body weight[78]. However, changes in body composition were
not investigated, nor were there indications that weight loss was maintained long-term (past 18
weeks) or resulted in delayed access to TKA. These are important limitations in current
knowledge, and areas for further study. Purported benefits of short-term weight loss must be
contrasted with potential negative long-term impacts on body composition. Recommending
weight loss prior to TKA that is unlikely to be sustained after surgery may not be necessary if it
doesn’t improve surgical risk, and may be potentially harmful if it increases muscle loss in

individuals with predisposing low muscle reserve.

This points to the importance of considering body composition rather than BMI when making
recommendations for weight loss. Although many of the trials in Table 3 assessed body
composition, these were for outcome assessments rather than pre-identification of participants
with relevant high adiposity or low muscularity. Our recent work has shown the variability in
body composition that exists in this clinical population within BMI categories (differences of
>20 kg of fat mass, or >16 kg of appendicular muscle mass)[40]. This supports the challenges of
identifying individuals with pre-existing low muscle mass using absolute BMI or BMI
categories. Figure 2 is presented as an example, illustrating that sarcopenic obesity can be
present but hidden in individuals with the same BMI, even with severe obesity. Therefore,
assessment of body composition may be necessary before recommending weight loss, to ensure
identification of individuals with pre-existing lower muscle mass who are most at risk for

development or worsening of sarcopenic obesity.

Overall, the current recommendations and evidence supporting weight loss as beneficial for knee
OA have limited relevance for individuals with advanced knee OA disease, or a BMI >40 kg/m?.
Further, short-term weight loss that cannot be maintained likely has few benefits, and could

potentially be harmful. These are important gaps requiring further study.



Evidence regarding TKA outcomes after pre-surgical weight loss

Our search was unable to identify any systematic reviews specifically examining TKA outcomes
after pre-surgical weight loss, however we found four reviews that examined total joint
arthroplasty (TJA) outcomes (both knee and hip arthroplasty)[79-82]. These reviews were
comprised of retrospective studies that either examined pre-TJA weight loss through bariatric
surgery (n=3 reviews[79-81]) or non-surgical approaches (indeterminate but likely lifestyle-

based changes in diet or physical activity; n=1 review[82]).

There has been a greater examination of bariatric surgery-related weight loss prior to TJA (as
indicated by the three reviews found in our search)[79-81]. Li et al.[81] conducted a meta-
analysis of nine retrospective studies, finding that bariatric surgery at an indeterminate time prior
to TJA improved operating time and length of stay, but did not reduce infections or long-term
complications. Similarly, Smith et al.[79] conducted a meta-analysis of five retrospective
cohorts, and found no benefit of bariatric surgery prior to TJA on reducing risk for complications
(including infection), revision or mortality. Gu et al.[80] found inconsistent results across
individual studies and a low quality of evidence, highlighting the need for future prospective
rather than retrospective investigations. Contrarily, there has been less examination of lifestyle-
based weight loss prior to TKA, as only one review was found in our search[82]. Lui et al.[82]
reported that adults who lost >5% of body weight using non-surgical and non-pharmacological
methods in the year prior to TJA had no difference in risk for surgical infections. However, only
two retrospective studies were available to include in their 2015 review[82], suggesting that

limited high-quality research has been conducted in this area.

Based on the reviews identified, there was no evidence to indicate a clear benefit of pre-surgical
weight loss on TKA outcomes. The predominant literature has examined weight loss through
bariatric surgery, with unclear indications that surgical complications were reduced as a result.
Importantly, it must be considered that bariatric surgery is not widely available, nor desired by
all patients. Therefore, lifestyle-based weight loss remains the prevailing and most realistic

option for the majority of individuals with advanced knee OA.

More recent primary studies have been conducted on lifestyle-based weight loss before
TKA[83,84]. A randomized controlled trial by Liljensoe et al.[83] with n=77 participants found
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no difference in early and 1-year post-TKA outcomes in patients who lost 10% of their body
weight prior to surgery using a low calorie diet, compared to a weight stable control group.
Although severe obesity was not an exclusion criteria, no participants in the study had a BMI
>35 kg/m?. Alternatively, a retrospective study by Keeney et al.[84] examined weight loss in
n=203 patients with severe obesity (BMI >40 kg/m?) during the 90-day pre-TKA period. In their
sample, 41% lost >5 pounds (2.27 kg) before surgery, 29% lost >10 pounds (4.54 kg), and 14%
lost >20 pounds (9.07 kg). There was no indication of methods used by patients to achieve
weight loss. They reported that a loss of <10 Ibs (4.54 kg) was not associated with operative
time, length of stay, discharge to a facility, or physical function outcomes. A loss >20 pounds
(9.07 kg) was associated with a reduction in hospital stay (mean difference -0.87 day, 95% CI -
1.39 to -0.36 days), and lower odds of discharge to a facility (OR 0.28, 95% C1 0.09 to 0.94).
This suggests that weight loss of at least 20 Ibs (9.07 kg) prior to TKA may have benefits from a
healthcare economic perspective, however further data is needed for confirmation. This would
align with suggestions that greater weight loss (10-19.9% of baseline body weight) may be
necessary for substantial symptomatic improvements in mild-to-moderate knee OA[64].
However it should be considered that a weight loss magnitude >3-5% of body weight is very
difficult to maintain without adjunctive pharmacologic or bariatric surgery interventions[75]. It is
notable in the study by Keeney et al. that patients who lost weight prior to TKA returned to their
baseline BMI one year post-surgery[84], supporting the concern regarding long-term
maintenance of weight loss. Further, there was no association with improvement in physical
function scores in patients who lost any amount of weight. This should be considered, as

improvements in function and mobility may be more important and relevant to patients.

Taken together, the current literature does not show substantive indications that weight loss prior

to TKA is beneficial. Critically, this is an understudied research area.
Considerations in clinical practice

This review identified limited evidence to support weight loss recommendations in individuals
with advanced knee OA prior to TKA. We were unable to find an indication that a decrement
change in BMI <40 kg/m? would reduce TKA risk, nor evidence that pre-surgical weight loss
results in reduced TKA complications. These evidence gaps are important to consider before

suggesting or requiring a patient to lose weight and reduce their BMI before TKA access. Until
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substantial new evidence is available, clinicians are encouraged to reflect the uncertainty of

benefits on TKA outcomes in their discussions with patients.
Communicating with patients

Patients need to be informed about the TKA infection risk with a higher BMI. However
discussions of weight loss should reflect that obesity is a chronic and complex disease,
influenced by genetics, socioeconomic status, and the built-environment[85]. Portraying obesity
as simple to modify and focused on motivation or personal responsibility reflects weight bias,
and inaccurate assumptions that body weight is completely under an individual’s control[86].

There should also be a discussion around the challenges with sustained long-term weight loss[2].

Clinicians should refrain from expressing expectations for extreme weight changes before TKA
access (i.e. “lose 60 pounds and then we will do your knee surgery”’[9]). This magnitude of
weight loss is difficult to achieve and maintain using lifestyle-based weight loss approaches (diet
and physical activity/exercise). Foreman et al.[27] described their approach of providing a
weight loss goal for pre-TKA patients with severe obesity based on a BMI chart, and referring
them to an external dietitian and physical therapist. Fewer than 9% of their patients with severe
obesity were able to reduce their BMI below 40 kg/m? before TKA[27]. Keeney et al.[84] also
found fewer than 14% of their patients with severe obesity lost 20 pounds before surgery.
Notably, unfeasible expectations for weight loss could unintentionally alienate patients and erode
the patient-clinician relationship, resulting in future avoidance of accessing healthcare
services[87]. Between 29%][9] to 51%[27] of patients who were told to lose weight before
arthroplasty eligibility never returned to the same orthopedic clinic after hearing these weight
loss expectations. Their long-term outcomes are unknown. It must be considered that many of
these patients may eventually require a TKA, in a likely worse state. Patients attempting
unsupervised weight loss multiple times (potentially resulting in frequent weight loss and regain
cycles) could increase their risk for muscle loss[88], which would be difficult to regain[89] and

would likely impact their mobility and recovery potential.

It should also be considered that weight loss is likely not novel for this clinical population. King
et al.[90] found 69.2% of patients who were considered as being overweight or having obesity

and seeking a TKA had previously attempted to lose weight. Having a respectful discussion with
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patients about their weight history and previous weight loss attempts is relevant to clarify

whether they may have already reduced their weight or recently attempted weight loss.
Shared-decision making

Conversations with patients about surgery risk and expectations are relevant to a shared decision
making approach[91]. Patients’ individual needs, health conditions, and weight loss history must
be considered and discussed. Support for weight management should be provided in the context
of sound evidence-based interventions that are delivered and supervised by healthcare
professionals with expertise in obesity management[75]. Body composition assessment may be
needed to clarify whether weight loss could potentially increase the risk of sarcopenic obesity.
Strategies that support optimization of body composition (by preserving or increasing muscle

mass and function while potentially lowering fat mass) may be more beneficial.
Addressing evidence gaps

Further research is urgently needed to clarify the identified gaps. Future studies need to define
obesity more comprehensively (beyond BMI) when looking at TKA complication risk. Studies
should examine body size on a continuum, adjust for relevant comorbidities, and consider
individual differences in body composition to clarify the separate implications of high adiposity
or low muscularity on treatment outcomes. Pragmatic and prospective research studies are
needed, rather than retrospective examinations that are prone to selection bias. Individuals with
severe obesity, advanced knee OA, and functional limitations must be included in intervention
trials. Researchers should also consider how to address barriers to including participants with a
bigger body size in studies, such as equipment weight limitations, providing a bariatric-friendly
environment, and weight-bias training for research team members. Patient-oriented research
approaches and engagement with individuals living with severe obesity and knee OA should be a

fundamental component in future work.
Limitations

This review aimed to provide a critical overview and novel perspective on the state of current
evidence, but it has some limitations. Primarily, our findings are specific to weight loss
implications on advanced knee OA and TKA outcomes, and not on other potential health

benefits of weight management for individuals with severe obesity[75]. It is possible that support
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for sustained weight loss provided earlier in the OA-disease continuum, before progression to an
advanced stage, is warranted for this patient population. Although a comprehensive search
strategy was used in this review, it was not exhaustive and some relevant studies may have
inadvertently been missed. We focused our search on specific publication types (systematic
reviews, meta-analyses, and CPGs) to represent literature that influences and impacts clinical
practice. Thus these synthesized sources may not reflect more recent findings and directions in
primary research on this topic, although more recently published individual studies were
considered in the discussions under each section. Inclusion of literature was focused on knee OA,
so reviews that combined results from patients with hip and knee OA in analyses were not
included (except in one area with limited publications, see TKA outcomes after pre-surgical
weight loss). Our decision to focus only on knee OA is reflective of the more integrated
relationship between obesity and OA of the knee, compared to the hip[92]. Regardless of these
limitations, this critical perspective stimulates reflection on evidence gaps, to work towards

improving person-centered care for individuals living with obesity and advanced knee OA.
Conclusion

Important knowledge gaps exist with respect to a benefit of weight loss prior to TKA. Clinicians
providing OA care should discuss these limitations in evidence with their patients, and consider
individual patient needs and risk before requiring weight loss (and therefore BMI reduction)
prior to TKA access.. Until substantial new evidence is available, more personalized approaches
to knee OA management for adults with severe obesity are needed. Shared-decision making with
patients is necessary, considering individual adiposity-related health risk, physical function,
weight-loss history, and patient-preferences. Patients and providers need to have realistic
expectations for weight loss, and patients should be provided with appropriate support for
sustained weight management. Practitioners should also consider whether muscle lost in

conjunction with weight loss could potentially be harmful for individual patients.
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Table 1. Systematic reviews examining severe obesity and TKA outcomes (2010-2020)

Number of

Comparisons with

functional outcomes and risk of revision

Year, Author Relevant Aim a'r\1/|a[itas-is studies ?rti)teesllg severe obesity
y included (by BMI, kg/m?)
2010, Samson et al.[36] Review TKA outcomes in adults with severe obesity no 9 BMI >40 vs <30
2013, Chen et al.[37] !lfjég'flfy the risk factors for postoperative infection after yes 12 BMI >40 vs <40
Compare implant survivorship, complications, function, 40-49.9 vs 30-39.9
2013, McElroy et al.[35] and radiographic outcomes after TKA in adults with yes 12 BMI 40_49 9vs <30'
severe obesity, obesity, and no obesity '
2015, Si et al.[7] Eﬁéﬁtﬁgtg?imgrl;eq_ﬁ Xf BMI on the outcomes yes 28 BMI >40 vs <30
. Examine perioperative and post-operative TKA
2017, Sun and Li[34] outcomespin adFl).l|tS with obeF;ity P yes ! BMI 240 vs <30
Compare revision rates, function, and complications after
2019, Boyce etal.[32] TKA in adults with severe obesity and no obesity no ; BMI 240 vs <30
2019, Chaudhry et al.[33] Compare influence of obesity severity on TKA yes 37 BMI S40 vs <25

BMI = body mass index, TKA = total knee arthroplasty, TJA = total joint arthroplasty




Table 2. Weight-related recommendations in clinical practice guidelines for knee osteoarthritis (2010-2020)

knee

AYear, Clinical practice guideline or Weight-related recommendations Reference(s) prowdeq to
uthor consensus report support recommendations
OARSI recommendations for the
management of hip and knee Pooled ESs from four published randomized trials provide evidence for small improvement in
2010, Zhang | osteoarthritis. Part 111: Changes in pain and function after weight loss in patients with knee OA [pooled ESs (95% Cl) for *Christensen et al. 2007[56]
et al.[44] evidence following systematic improvement in pain and physical function were 0.20 (0.00, 0.39) and 0.23 (0.04, 0.42) following '
cumulative update of research an average reduction in weight of 6.1 kg (4.7, 7.6)]
published through January 2009
Ottawa Panel evidence-based No evidence that weight loss of >5% will slow OA disease progression, but it may improve Focht et al. 2005[66]
- - L clinical outcomes when used in combination with physical activity Messier et al. 2000[72]
2011, clinical practice guidelines for the - - - L - . .
Brosseau et | management of osteoarthritis in A\_/allable evidence for_welght loss is prlmarlly ba_sed on stugﬂes from three laboratories, and may | Messier et al. 2004[65]
1. 2009[70]
al.[45] adults who are obese or misrepresent depth of Ilteratgre a}nd increase bias in conclu§|ons S Messmr eta
overweight Debate on whether BMI, waist circumference and body weight are valid clinical indicators as Miller et al. 2006[60]
they do not discern between fat and lean mass. Body composition measurements recommended Wang et al. 2007[61]
ACR recommendations for the
|2—|00102hlb erg et ;:‘zﬁ; :: Or: Opgf;grm:::;;ic;gslicnand ISOt;gng recommendations that patients with symptomatic knee OA receive counselling for weight *Christensen et al. 2007[56]
al.[46] osteoarthritis of the hand, hip, and
knee
Weight is a modifiable risk factor for knee OA and should be addressed if patient is overweight or | Bliddal et al. 2011[59]
. has obesity *Christensen et al. 2007[56]
2013, E&%ﬁ}iﬁgﬁg}%ﬁggf gglgs for the Evidence of effectiveness of weight loss on pain and function was small but significant (ES, 95% | Foy et al. 2011[58]
Fernandes manaaement of hin and knee Cl, pain 0.20, 0.00 to 0.39; physical function 0.23, 0.04 to 0.42; mean weight loss, 95% ClI, 6.1 Jenkinson et al. 2009[62]
et al.[47] gemen P kg, 4.7 to 7.6) and suggests programs be delivered as weekly supervised sessions for 8 weeks to 2 | Miller et al. 2006[60]
osteoarthritis. -
years Riecke et al. 2010[71]
No evidence on maintenance of weight loss after interventions in patients with knee OA Shea et al. 2010[67]
Weight loss recommended for patients with symptomatic knee OA and a BMI > 25 kg/m? Bliddal et al. 2011[59]
2013, AAOS treatment of osteoarthritis s ted by | lity evid but public and patient health benefits of - htl Christensen et al. 2005[68]
Jevsevar et of the knee; evidence-based upported by fow quality evidence, but public and patient health benefits ot weight 1oss Jenkinson et al. 2009[62]
al.[48] quideline 2nd ediition Warrapted_an upgre}de of the rec'omm_enFiatlon strength to moderate Miller et al. 2006[60]
Combinations of diet and exercise will improve results Riecke et al. 2010[71]
2014, OARSI guidelines for the non- gaigggilc?g;lity evidence to support weight management recommendation to improve pain and
. ) I
McAlindon | surgical management of knee 2007 systematic review supports weight loss of 5% of body weight within a 20-week period to be Christensen et al. 2007[56]
et al.[49] osteoarthritis o>
efficacious
2016, AAQOS Surgical management of Strong evidence of BMI as a risk factor for arthroplasty
McGrory et | osteoarthritis of the knee: Reasonable to delay surgery for up to 8 months to allow a patient with severe obesity to lose AAOS 2013 guidelines[48]
al.[50] Evidence-based guideline. weight
ACR & Arthritis Foundation
2K(z)llgéinski guideline for the management of Strong recommendation for weight loss in patients with knee OA who have overweight or obesit Messier et al. 2018[64]
et al.[51] osteoarthritis of the hand, hip and 9 9 P 9 y ’




Year, Clinical practice guideline or Weight-related recommendations Reference(s) prowdeq to
Author consensus report support recommendations
e Dose-response of weight loss suggested, with goals of >5% of body weight to improve clinical
and mechanistic outcomes, and increased improvements with a loss of 5-10%, 10-20%, and
>20% of body weight
e Weight loss-associated OA symptom improvements are enhanced by the addition of concomitant
exercise
2019 OARSI guidelines for the non-
' surgical management of knee, e  Strong evidence for dietary weight management in combination with exercise for knee OA .
Bannuru RR - . . . - Lo . . . Consensus voting
et al.[52] hip, andhpt_)l_yartlcular e Dietary weight management contraindicated for individuals with polyarticular OA and frailty
' osteoarthritis

AAOS = American Academy of Orthopedic Surgeons, ACR = American College of Rheumatology, BMI = body mass index, Cl = confidence interval, ES =
effect size, ESCEO = European Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis, EULAR = European League Against Rheumatism, OA =
Osteoarthritis, OARSI = Osteoarthritis Research Society International.

* a systematic review and meta-analysis of four randomized trials (Christensen et al. 2005[68], Messier et al. 2000[72], Messier et al. 2004[65], Toda et al. 1998[57])




Table 3. Randomized trials referenced in clinical practice guidelines (from Table 2) supporting weight-related recommendations

for Arthritis)

pain

Trial name or % Obesity Mean BMI Knee OA BOdY. . S
. Referenced study(s) Female in M in cohort N composition Relevant exclusion criteria
study location definition criteria
cohort (xSD) assessment
KL >2 and self- s L
Japan Toda et al. 1998[57] + 100 BMI>264 | 289+18 | report BIA Age <45 years; taking medications for
hypertension, diabetes, or dyslipidemia
symptoms
Radiographic L I
USA Messier et al. 2000[72] T 71 BMI >28 36.4+5.6 | indication and NI Age <60 ye.ars, using gait al_ds for
. ambulation; unable to exercise
self-report pain
ADAPT (Avrthritis, Messier et al. 2004[65] KL 1-3 and self- ,:\rgglﬁgggne{asrs;r#stlg%gg::t séfgig):ror lun
Dietand Activity | Focht et al. 2005[66] 72 BMI>28 | 34050 | -2 NI eonse: Sev’eri hp ansion of insu“n_g
Promotion Trial) Shea et al. 2010[67] portp ; severe yp
dependent diabetes
Physical Activity. . .

- ’ . Age <60 years; medical conditions where
Inflammation, and Miller et al. 2006[60] Self-report - . - - )
Body Composition Wang et al. 2007[61] 62 BMI >30 346+4.4 symptoms DXA rfilIFJId weight Icl)ss |si contraindicated,;
Trial allergy to meal replacements

. Age <18 years; diabetes, endocrine,
Denmark gngzzn:tegl e;gklz[gg]S[%] T 89 BMI >28 359+5.1 KL2or3 DXA cardiac or rheumatic disease; lack of
' motivation to lose weight
United Kingdom Jenkinson et al. 2009[62] 66 BMI >28 33.6 rs)’gi';'mport knee NI Age <45 years
e
ght 1o Riecke et al. 2010[71] 81 BMI >30 37.3+4.38 DXA taking weight loss medications; lack of

CARtilage in symptoms based motivation to lose weight
Osteoarthritis Trial) on ACR criteria 9
Look AHEAD .
(Action for Health | Foy et al. 2011[58] 65 BMI>25 | 37.1+6.1 | Soi-reportknee NR Age <45 or >74 years; no type |1
i . pain diabetes; hypertension
in Diabetes) trial
IDEA (Intensive . KL 2 or 3 and L .

g - Messier et al. 2009[70] BMI >27 3 Age <55 years; use of gait aids; cardiac
Diet and Exercise Messier et al. 2018[64] 2 but <41 334£38 | self-report knee DXA disease; moderately active

ACR = American College of Rheumatology, BIA = bioelectrical impedance analysis, BMI = body mass index (expressed in kg/m?), DXA = dual-energy x-ray absorptiometry, KL
= Kellgren-Lawrence radiographic osteoarthritis grade, NI = not included, NR = not reported, OA = osteoarthritis, SD = standard deviation, USA = United States of America.

+= trials included in the 2007 meta-analysis by Christensen et al.[56]




Patient A Patient B Patient C

BMI 50.0 kg/m? BMI 39.5 kg/m? BMI 37.8 kg/m?
Height 175.5 cm Height 180 cm Height 180.5 cm
Weight 154 kg Weight 128 kg Weight 123 kg
Fat mass 43% Fat mass 44% Fat mass 43%
Treated and stable Treated and stable Treated and stable
comorbidities of hypertension comorbidities of type Il comorbidities of type Il
and sleep apnea diabetes and sleep apnea diabetes, dyslipidemia, and
sleep apnea

Figure 1. Comparison of three male patients with advanced knee osteoarthritis considering total knee arthroplasty



Same BMI, Different Body Composition

Obesity with Obesity with Obesity with Severe obesity
high muscle normal muscle low muscle with low muscle
mass mass mass mass

SARCOPENIC OBESITY

Fat Mass
W Muscle mass

Figure 2. lllustration of body composition differences present at the same BMI; which also occurs in severe obesity

Image adapted from Prado et al. Annals of Medicine, 20182



Supplementary Appendix A

Search strategy MEDLINE via Ovid (n=722)
1. exp Knee Joint/ or exp Osteoarthritis, Knee/ or exp Osteoarthritis/
2. exp Knee Joint/ or exp Arthroplasty/ or exp Arthroplasty, Replacement, Knee/

3. (knee replacement or joint replacement or knee replacement or total knee replacement or knee arthroplasty or total knee arthroplasty
or TKA).mp.

4. exp Obesity/ or exp Obesity, Morbid/
5. (obesity or morbid obesity or body mass index or BMI or weight or weight loss or body composition).mp.

6. ("systematic review" or "meta-analysis"” or "meta analysis™ or "consensus" or "position statement” or "clinical practice guideline*"
or "practice guideline*" or "guideline*").mp.

7.(Lor2or3)and (4or5)and 6
8. Limit 2010 to 2020

Search strategy CINAHL (n=573)

(osteoarthr* or arthroplas™ or “joint replacement” or “total joint replacement” or “total knee arthroplasty” or TKA or TKR or “knee
arthroplasty””) AND (“obes™*” or “morbid obes*” or “body mass index” or “BMI” or weight or “weight loss” or “body composition™)
AND (“systematic review” or “meta-analysis” or “meta analysis” or consensus or “position statement” or “clinical practice
guideline®” or “practice guideline*” or guideline™®)



