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s u m m a r y

Objective: Individuals with advanced knee osteoarthritis (OA) and a larger body size are at risk for 
sarcopenic obesity (SO), an unfavourable condition of high fat and low muscle mass and function that 
markedly impacts mobility and morbidity. We examined the prevalence and implications of SO in adults 
with knee OA and a BMI ≥35 kg/m2, comparing various established diagnostic criteria.
Methods: We conducted a cross-sectional analysis of participants at baseline from the POMELO [Pre
vention of MusclE Loss in Osteoarthritis] pilot randomized clinical trial. The diagnosis of SO was based 
on published criteria, identifying the co-presence of low muscle function, low muscle mass, and high fat 
mass. Assessments included maximal handgrip strength (absolute and relative to body size), chair sit- 
to-stands, muscle [appendicular lean soft tissue] and fat mass measured by DXA, health-related quality 
of life by Euroqol EQ-5D, and physical function by 6-min walk (6MWT) and Western Ontario and 
McMaster Osteoarthritis Index (WOMAC).
Results: Out of 50 adults (74 % female, 63.7 ± 6.9 years, BMI 42.1 ± 4.6 kg/m2), 28 % had criteria for SO 
(95%CI 15.5–40.4). Individuals with SO had shorter 6MWT distance, − 78.6 m (p = 0.012), worse WOMAC 
function score, 7.2 (p = 0.046), and lower EQ-5D visual analog score, − 14.7 (p = 0.016), compared to 
those without SO.
Conclusion: SO was present in 28 % (95%CI 15.5–40.4) of our sample with knee OA, with clinically 
unfavourable implications on measured and self-reported physical function and quality of life. Identi
fication of SO may better stratify patients and enable personalized support to preserve muscle mass and 
function prior to weight loss or arthroplasty considerations.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and 

Metabolism. This is an open access article under the CC BY license (http://creativecommons.org/ 
licenses/by/4.0/).
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Individuals with knee osteoarthritis (OA) and obesity are a high- 
risk population for muscle and strength loss [1,2]. This is due to 
complex interconnecting factors, including inflammatory  re
percussions of excess adiposity on joint and muscle tissues, aging- 
associated attenuation in protein synthesis, and OA-related pain 
and joint function changes that contribute to physical inactivity and 
increased risk for disability [3–5]. As a result, individuals with obesity 
and knee OA are susceptible to develop sarcopenic obesity (SO), an 
unfavourable condition of high fat and low muscle mass and function 
that markedly impacts mobility and morbidity. SO is an important 
clinical condition and prognostic factor for comorbidity, develop
ment of disability, and lower survival [6,7]. Past cross-sectional 
studies have shown that SO can negatively impact mobility, quality 
of life, and increase surgical and mortality risks [8].

Emerging studies highlight the relevance of SO in knee OA 
treatment and prevention [9,10]. The global prevalence of SO in 
older adults is estimated at 11 % (95 % CI 10–13) [11], yet rates up to 
35 % have been reported in individuals with knee OA [12]. How
ever, inconsistencies in methodologies for identifying SO pose 
challenges in advancing our understanding of its role in OA. The 
now available consensus framework to standardize SO diagnosis 
[13] provides an opportunity to clarify regarding the prevalence of 
SO and its significance in knee OA management.

Consideration of SO in OA clinical management is also needed 
in light of growing interest in precision weight loss for knee OA 
using pharmacotherapy (i.e. obesity medications) [14]. Weight loss 
can reduce mechanical joint stress, inflammation,  and improve 
symptom management with obesity and knee OA [15], however 
some individuals may unknowingly have low muscle mass and 
low function, or a reduced muscle-to-fat mass ratio indicative of 
SO [15]. Advising weight loss without accounting for SO may have 
negative consequences related to muscle health, particularly in 
older adults. This is an area of debate and uncertainty [16,17].

In view of these concerns, this study examined the prevalence 
and implications of SO in adults with advanced knee OA and a BMI 
≥35 kg/m2. We compared various established diagnostic criteria 
within the context of the SO consensus framework [13], to provide 
clinical insights regarding SO identification  which could inform 
weight loss considerations in advanced knee OA.

1. Methods

1.1. Design and participants

This cross-sectional study analyzed data from individuals 
enrolled at baseline in the POMELO (Prevention Of MusclE Loss in 
Osteoarthritis) parallel-arm randomized controlled pilot feasibility 
trial. The sample size of n = 50 was calculated based on the main trial 
outcomes. The protocol for POMELO was registered on clinicaltrials. 
gov (NCT05026385) and published [18]. Adults aged 40–75 years 
with a BMI ≥35 kg/m2 and physician confirmed advanced knee OA 
[Kellgren–Lawrence grade 3–4 with clinical symptoms] were 
included. Individuals with a BMI ≥35 kg/m2 were exclusively 
enrolled in POMELO to address evidence gaps regarding class II-III 
obesity and knee OA management [18]. Ethics approval was 
received in March 2021 and participant enrollment was conducted at 
a single center between September 21, 2021 and October 4, 2022. All 
study participants provided written informed consent. Reporting 
was guided by the STROBE checklist for observational studies [19].

Key points

• Older adults with advanced knee osteoarthritis (OA) are at 

high-risk for development of sarcopenic obesity (SO).

• Using a diagnostic framework from the Sarcopenic 

Obesity Global Research Initiative (SOGLI), individuals 

with SO and knee OA had clinically-relevant impairments 

in physical function and quality of life compared to 

counterparts without SO.

• SO should be considered before advising unsupervised 

weight loss in older adults with advanced knee OA.

Fig. 1. Algorithm used for the diagnosis of sarcopenic obesity in individuals with advanced knee osteoarthritis, following Sarcopenic Obesity Global Leadership Initiative (SOGLI) 
consensus recommendations [24,25]. 
Images adapted from Prado et al. Clin Nutrition, 2022 [49].

K. Godziuk, F.T. Vieira, M. Forhan et al. Clinical Nutrition ESPEN xxx (xxxx) xxx

2

http://clinicaltrials.gov
http://clinicaltrials.gov


1.2. Anthropometrics and body composition

All assessment procedures are outlined in the protocol paper 
[18]. Briefly, anthropometrics included height and weight, and BMI 
was calculated. The average of three measures of waist circum
ference (top of the iliac crest over light clothing) and calf 
circumference (widest point of the gastrocnemius in standing 
position over skin) were assessed. Whole body composition was 
determined using dual-energy x-ray absorptiometry (DXA) using a 
GE Healthcare Lunar iDXA, ENCORE software version 18. Total body 
and regional lean soft tissue (LST), fat mass (FM), and bone mineral 
content were assessed; percent FM was calculated. Appendicular 
lean soft tissue (ALST), a surrogate of muscle mass, was calculated 
as LST of arms plus legs.

Obesity was screened for study inclusion using BMI cut-points 
from World Health Organization (i.e. class II obesity, BMI ≥35 kg/ 
m2). High waist circumference was confirmed  using cut-points 
above thresholds associated with optimal health outcomes 
[>101.2 cm in females (F), >103 cm in males (M)] [20]. Study 
participants self-reported the presence of other physician- 
diagnosed chronic health conditions.

1.3. Strength, physical function, quality of life and pain

Strength and physical function assessments included maximal 
handgrip strength (HGS), 30-s chair sit-to-stand test (CSTS), and 
the six-minute walk test (6MWT) [18]. HGS was recorded as 
highest grip strength scored after three attempts in each hand 
measured with a hydraulic Jamar© dynamometer. HGS was 
considered by absolute value and adjusted by BMI to reflect rela
tive strength. CSTS was number of complete repetitions moving 
from seated to full stand in 30-s. 6MWT was measured as meters 
walked in a 6-min timed interval on an indoor course. Self- 
reported health-related quality of life, pain, and function were 
also assessed. Patients rated their perceived quality of life on the 
Euroqol Foundation EQ-5D-5L (EQ-5D) [21] from 1 ‘no problems’ 
to 5 ‘extreme problems’ across five dimensions of health: mobility, 
self-care, usual activities, pain/discomfort, and anxiety/depres
sion. Results were dichotomized into no/mild problems (score of 
1–2), and moderate/severe problems (scores of 3–5). Perceived 
overall health was rated on a visual analog scale (VAS) from 0 mm 
(worst health) to 100 mm (best health). OA-specific  pain and 
function were assessed with the Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) [22], scored on a 5- 
point Likert scale for pain (0–20; 5 items each scored 0–4), stiff
ness (0–8; 2 items each scored 0–4) and function (0–68; 17 items 
each scored 0–4), for a total of 0–96, normalized to 0–100 by 
multiplying total score by 100/96. Higher scores on WOMAC 
indicate worse status.

1.4. Sarcopenic obesity diagnosis

Sarcopenic obesity was assessed using Sarcopenic Obesity 
Global Research Initiative (SOGLI) consensus criteria [13,23]. This 
involved first screening for high BMI and clinical suspicion, then 
identifying low muscle function, and if present, completing body 
composition assessment to identify low muscle and high fat mass 
(summarized in Fig. 1). Low muscle function was assessed using 
thresholds for low absolute HGS [<20 kg F, <30 kg M24] and low 
CSTS [<15 in F, <16 in M23,25]. If low muscle function was present, 
low muscle mass was then identified  using sex-and age-specific 
thresholds for low ALST/weight based on mixed-ethnicity pop
ulations [<19.4 % F, <25.7 % M age ≥65 years [26]; <23.47 % F, 
<28.27 % M age <65 years [27]]. High percent fat mass (FM) was 
identified as >40 % F, >30 % M [28] for white, or >41 % F, >29 % M in 

black or asian racial groups [29]. Low muscle function and muscle 
mass were also considered using relative HGS [(HGS/BMI), below 
OA-specific cut-points <0.65 kg/kg/m2 in F, <1.1 kg/kg/m2 in M30, 
or cut-points from the Sarcopenia Definitions  and Outcomes 
Consortium (SDOC) <0.79 kg/kg/m2 in F, <1.05 kg/kg/m2 in M 
[31,32]], and low ALST/BMI [<0.512 kg/kg/m2 in F, <0.789 kg/kg/m2 

in M33]. Notably these were not recommended diagnostic ap
proaches from the SOGLI group due to a lack of robust evidence, 
however we wanted to explore in our dataset, in line with rec
ommendations for further research on the topic [13]. Low calf 
circumference was also evaluated as a practical marker of low 
muscle mass [34]. Adjustments to calf circumference were applied 
to account for excess subcutaneous fat mass in the calf region with 
a higher BMI [BMI 30–39 kg/m2: − 7.0 cm; BMI ≥40 kg/ 
m2: − 12.0 cm], and then applying cut-offs for low calf circumfer
ence [<31 cm F, <32 cm M]34.

1.5. Statistical methods

Analyses were completed using IBM SPSS Statistics v29 (IBM 
Corp., Armonk, NY). Data distribution normality was assessed 
using Shapiro Wilk test. Descriptive analyses are reported as mean 
(standard deviation) and frequency (proportion). Student's inde
pendent t-test was used for between-group comparisons of nor
mally distributed continuous outcomes, and Mann Whitney U test 
was used when distribution of the outcome variable was not 
parametric. Chi Square or Fisher's exact test were used for 
between-group comparisons of categorical variables, depending 
on sample numbers being compared. All testing was two-tailed 
and p-values <0.05 were considered significant.  Sensitivity ana
lyses were conducted to examine if OA-related strength, physical 
function, quality of life and pain outcomes in individuals with and 
without SO were similar using alternative diagnostic criteria.

2. Results

Complete baseline data from fifty adults (n = 50) were included 
in this cross-sectional analysis, 74 % female, mean age 63.7 ± 6.9 
years (range 48–75), BMI 42.1 ± 4.6 kg/m2 (range 35–52.4). Racial 
background was self-reported as 90 % White, 6 % Indigenous, 2 % 
Black, and 2 % South Asian. Bilateral knee OA was present in 78 % of 
the sample.

Figure 2 and Table 1 present the prevalence of low muscle 
function, low muscle mass, high fat mass, and sarcopenic obesity 
(low muscle function + low muscle mass + high fat mass) in this 
cohort using published assessment criteria. Only 2 % had low ab
solute HGS (1 female), whereas 98 % had low CSTS (only 1 male 
was above threshold). Low HGS/BMI was present in 17 F (46 %) and 
5 M (38 %). All individuals had high measured %FM. Low ALST/ 
weight alone was present in 60 % of the sample, including 21 fe
males (57 %) and 9 males (69 %). Following SOGLI guideline criteria 
to identify SO, prevalence ranged from 0 % (no individuals were 
identified  with original criteria of low HGS + low ALST/ 
weight + high FM) to 60 % (all individuals had low CSTS and high 
FM, and 60 % had low ALST/weight). When SOGLI criteria were 
adjusted to consider relative rather than absolute low HGS (low 
HGS/BMI + low ALST/weight + high FM), SO was diagnosed in 10 F 
and 4 M, with an overall SO prevalence of 28 % (95%CI 15.5–40.4).

Clinical outcomes between individuals with and without SO 
were compared across various diagnostic criteria, reported in 
Table 2. Comparisons using adjusted SOGLI criteria (i.e. low HGS/ 
BMI + low ALST/weight + high FM) identified differences between 
individuals with and without SO (Table 2, and Fig. 3). Compared to 
those without SO (non-SO), individuals with SO had a higher BMI 
(5.0 kg/m2, p < 0.001), walked less distance in the 6MWT 
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(− 78.6 m, p = 0.012), and had worse self-reported physical func
tion [higher WOMAC function score, 7.2, p = 0.046] (Table 2). 
Overall perception of health status was poorer in the SO versus 
non-SO groups based on lower EQ-5D VAS scores (− 14.7, 
p = 0.016). There were also higher rates of moderate-severe 
problems in the EQ-5D anxiety/depression dimension in the SO 
group compared to non-SO (31 % higher prevalence, p = 0.042). 
Similar differences in physical function were found between SO 
and non-SO groups identified using the alternative SO definition of 
low HGS/BMI + low ALST/BMI + high FM, but not the unadjusted 
SOGLI criteria of low CSTS + low ALST/weight + high FM (Table 2).

3. Discussion

Appling adjusted SOGLI criteria, sarcopenic obesity (SO) was 
identified in 28 % of individuals with advanced knee OA and a BMI 
≥35 kg/m2. This substantive SO prevalence highlights that in
dividuals with a BMI ≥35 kg/m2 are not a uniform group and have 
considerable heterogeneity. Body composition assessment is 
needed to distinguish phenotypes within this BMI category. 
Recognizing hidden conditions like SO earlier in OA management 
and prior to arthroplasty is pivotal, as they can influence surgical 
outcomes, mobility, and overall health. This is the first  study to 
consider SOGLI consensus criteria to identify SO in OA patients, 
and compare different approaches to identify low muscle function 
and mass in this clinical population. Notably, our data show the 
importance of adjusting diagnostic criteria for low muscle function 
to consider relative strength (e.g. HGS/BMI), which may be rele
vant for other SO clinical conditions.

Individuals identified  with SO had clinically relevant de
ficiencies  in physical function and health-related quality of life 
compared to individuals with non-SO. These observations in in
dividuals with both SO and OA are of particular concern. Under
diagnosed SO could influence various facets of OA management, 
spanning both surgical and non-surgical approaches. Functional 
impairments and diminished quality of life are key patient 
symptomatic indicators guiding decision pathways on OA treat
ment approaches, including whether to proceed to joint replace
ment surgery. It is plausible that functional limitations related to 
SO may affect efficacy of exercise interventions aimed at managing 
knee OA [35]. Moreover, studies also suggest that SO may affect 
TKA outcomes, including complications, recovery time, and reop
eration rates [36,37]. It is crucial to expand SO assessment among 
patients with high BMI and OA in both research and practice to 
better understand the impact on OA treatment outcomes.

There is potential that observed differences in function in the 
SO group may be influenced by the higher BMI noted in compar
ison to counterparts without SO. Mobility tests such as the 6MWT 
may be influenced by body size or degree of obesity [38]. Notably, 
DXA measures of ALST/weight or ALST/BMI may over-identify low 
muscle mass in those with the highest weight or BMI due to the 
reciprocal relationship between FM and LST in a three- 
compartment body composition model [39] (i.e. individuals with 
the highest %FM would reciprocally have lower %LST). Nonethe
less, low relative muscle mass may be as important as low absolute 
muscle mass in the context of SO [13]. Identification of relative low 
muscle in those with greater obesity may be appropriate if it en
ables identification  of clinically meaningful health impairments 
(i.e. function, quality of life, disability, mortality, or 

Fig. 2. Graphic summary of prevalence (reported as % of sample meeting criteria) of low muscle function, low muscle mass, and sarcopenic obesity (low muscle function + low 
muscle mass + high fat mass) in n = 50 adults with advanced knee osteoarthritis and a BMI ≥35 kg/m2, using different published criterion (cutpoints detailed in Table 1) 
ALST = appendicular lean soft tissue, BMI = body mass index, CSTS = chair sit-to-stands in 30-s, HGS = maximal handgrip strength, OA = criteria from osteoarthritis cohort, 
SDOC = criteria from the Sarcopenia Definitions and Outcomes Consortium, SOGLI = criteria from the Sarcopenic Obesity Global Leadership Initiative.
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institutionalization) [40] that can be influenced  by appropriate 
treatment recommendations (i.e. interventions that support 
retention of muscle mass while reducing FM and body weight to 
improve this relative distribution). Additional research in this area 
is needed.

The compromised function in those with SO raises concerns 
about persistent mobility deficiencies after arthroplasty. This may 
influence patient outcomes and their post-operative satisfaction, 
but to our knowledge there has been no examination of the in
fluence  of SO in this regard. Studies suggest that those with SO 
experience poorer range of motion [41] and a 2x higher hazard 
ratio for persistent walking disability after TKA compared to those 
with obesity or sarcopenia alone [42]. Research on patients with 
sarcopenia underscore its negative impact on long-term TKA 
outcomes [43], suggesting a potential significance for SO. Further 
investigation in this area should be a priority.

The higher rates of moderate-to-severe issues in the anxiety/ 
depression dimension of the EQ-5D observed in our SO group 
might reflect the combined risk of depression associated with both 
obesity and low muscle mass and function [44]. Poor mobility has 
been independently associated with risk for anxiety and depres
sion [44], while depression has been associated with decreased 
strength and functional capacity in individuals with obesity [45]. 
This suggests a complex causality that is difficult  to decipher. 
Nevertheless, since depression and anxiety can influence  self- 
efficacy  and chronic disease self-management, they could be 
prioritized for treatment alongside nutrition and exercise strate
gies in SO management.

The current study findings align with our previous work [10], 
indicating a consistently high prevalence of SO in patients with 
knee OA. In that research, we identified SO using similar criteria of 
low ALST (adjusted by weight or BMI) in conjunction with low 
function. With efforts to establish consensus methods for SO 
diagnosis, such as the SOGLI criteria [13,23], we anticipate more 
consistency in prevalence reporting as research in this area ad
vances. Importantly, specific OA-related guidelines for SO identi
fication may be needed as some accepted tests are not suitable in 
this patient group. Using low CSTS was not an effective approach to 
assess for low function among our patients with knee OA, as 98 % 
fell below the set thresholds. This discrepancy is likely due to the 
influence  of knee OA on this functional movement pattern. 
Further, absolute HGS cut-points were poor discriminators of low 
muscle function, with only 1 individual scoring below set 
thresholds [30]. Specific cut points to discern low CSTS and HGS in 
OA populations, or alternative functional tests, may still be 
necessary to improve the specificity of identifying SO-related low 
muscle function. Low HGS adjusted by BMI was more sensitive 
than absolute low HGS in this clinical population with OA and 
obesity, and may better reflect relative low muscle strength. While 
we were able to compare varied assessment approaches for low 
muscle (ALST relative to weight and BMI, and calf circumference), 
the SOGLI consensus recommended ALST/weight criteria [13] 
identified the largest number of individuals. Further examination 
in larger studies enabling statistical comparisons by subgroups is 
required to define which adjustments, cut-points, or assessments 
correlate with clinically relevant impairments in specific  age 

Table 1 
Cutpoints and prevalence of low muscle function, low muscle mass, high fat mass, and sarcopenic obesity (low muscle function + low muscle mass + high fat mass) 
identified in n = 50 individuals with knee osteoarthritis and a BMI ≥35 kg/m2.

Total n = 50 Females n = 37 Males n = 13

Low muscle function
Low absolute HGS 1 (2) 1 (3) 0 (0)
<20 kg F, <30 kg M
Low CSTS 49 (98) 37 (100) 12 (92)
<15 F, <16 M
Low HGS/BMI (SDOC) 35 (70) 30 (81) 5 (38)
<0.79 kg/kg/m2 F, <1.05 kg/kg/m2 M
Low HGS/BMIa 22 (44) 17 (46) 5 (38)
<0.65 kg/kg/m2 F, <1.1 kg/kg/m2 M
Low muscle mass
Low ALST/weight 30 (60) 21 (57) 9 (69)
<19.4 % F, <25.7 % M in age ≥65 years
<23.47 % F, <28.27 % M in age <65 years
Low ALST/BMI 17 (34) 12 (32) 5 (38)
<0.512 kg/kg/m2 F, <0.789 kg/kg/m2 M
Low ALST/height2 

<5.45 kg/m2 F, <7.26 kg/m2 M
0 0 0

Low BMI-adjusted Calf Circumferenceb 13 (26) 9 (24) 4 (31)
<31 cm F, <32 cm M
High fat mass
High %FM 50 (100) 37 (100) 13 (100)
>40 % F, >30 % M if white
>41 % F, >29 % M if black or asian
Low muscle function þ low muscle mass þ

high fat mass (sarcopenic obesity)
Low HGS + low ALST/weight + high %FM (SOGLI) 0 (0) 0 (0) 0 (0)
Low CSTS + low ALST/weight + high %FM (SOGLI) 30 (60) 21 (57) 9 (69)
Low HGS/BMIa + low ALST/weight + high %FM (Adjusted SOGLI) 14 (28) 10 (27) 4 (31)
Low HGS/BMIa + low ALST/BMI + high %FM (Alternative A) 11 (22) 7 (19) 4 (31)
Low HGS/BMIa + low calf circumference + high %FM (Alternative B) 6 (12) 5 (13) 1 (8)

Data presented as n (%). 
ALST = appendicular lean soft tissue, BMI = body mass index, CI = confidence interval, CSTS = chair sit to stands in 30-s, F = female, FM = fat mass, HGS = maximal handgrip 
strength, M = male, OA-specific = criteria from osteoarthritis cohort [32], SD = standard deviation, SDOC = criteria from the Sarcopenia Definitions and Outcomes Con
sortium [33,34], SOGLI = criteria from the Sarcopenic Obesity Global Leadership Initiative [24,25].

a OA-specific criteria [32].
b Calf circumference adjusted for BMI; BMI 30–39 kg/m2: − 7.0 cm; BMI>40 kg/m2: − 12.0 cm.
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Table 2 
Comparison of osteoarthritis clinical outcomes of pain, physical function, and quality of life between patients with and without sarcopenic obesity by various diagnostic criteria.

SOGLI Criteriaa Adjusted SOGLI Criteriab Alternative A Criteriac

Sarcopenic Obesity 
(SO) n = 30

Obesity 
(Non-SO) 
n = 20

Mean difference 
(95 % CI) 
[difference in 
proportion, %]

Sarcopenic 
Obesity 
(SO) n = 14

Obesity 
(Non-SO) 
n = 36

Mean difference 
(95 % CI) 
[difference in 
proportion, %]

Sarcopenic 
Obesity (SO) 
n = 11

Obesity 
(Non-SO) 
n = 39

Mean difference 
(95 % CI) 
[difference in 
proportion, %]

Age, years 60.3 (6.7) 68.8 (3.0) ¡8.5 (-11.7, -5.3)d 61.8 (6.8) 64.5 (6.9) − 2.7 (− 7.0, 1.7) 66.4 (6.3) 63.0 (6.9) 3.4 (− 1.2, 8.1)
BMI, kg/m2 43.1 (4.9) 40.6 (3.7) 2.5 (− 0.1, 5.1) 45.7 (4.8) 40.7 (3.7) 5.0 (2.4, 7.5)d 45.2 (4.6) 41.2 (4.3) 4.0 (1.0, 7.0)d

Objectively assessed physical function:
Six-minute walk test 

(6MWT), meters
367.7 (104.7) 366.8 (97.3) 0.9 (− 58.2, 60.0) 310.7 (78.1) 389.3 (100.9) ¡78.6 (-138.9, -18.2)d 280.7 (66.4) 391.8 (95.7) ¡111.1 (-173.1, -49.0)d

Patient-reported pain, physical function, and quality of life:
WOMAC Pain, 0-20 10.6 (3.2) 10.4 (3.8) 0.2 (− 1.8, 2.2) 11.1 (3.2) 10.3 (3.5) 0.8 (− 1.4, 2.9) 12.1 (2.8) 10.1 (3.5) 2.0 (-0.3, 4.3)d

WOMAC Stiffness, 0-8 4.5 (1.3) 4.6 (1.6) − 0.1 (− 1.0, 0.7) 4.6 (1.4) 4.5 (1.4) 0.1 (− 0.8, 1.0) 5.1 (1.2) 4.4 (1.4) 0.7 (− 0.3, 1.6)
WOMAC Function, 0-68 34.6 (9.4) 32.8 (14.2) 1.7 (− 5.0, 8.5) 39.1 (6.8) 31.9 (12.3) 7.2 (0.1, 14.2)d 38.2 (10.2) 32.7 (11.5) 5.5 (− 2.3, 13.3)
WOMAC Total, 0-100 51.8 (13.5) 49.9 (19.0) 1.9 (− 7.3, 11.1) 57.1 (10.4) 48.7 (16.9) 8.4 (− 1.4, 18.2) e 57.7 (13.3) 49.1 (16.0) 8.5 (-2.1, 19.2)d

EQ-5D visual analog scale 
(VAS), 0–100 mm

50.1 (18.2) 60.4 (20.5) − 10.3 (− 21.4, 0.8) 43.6 (16.1) 58.3 (19.5) ¡14.7 (-26.5, -2.8)d 50.0 (17.6) 55.4 (20.2) − 5.4 (− 18.9, 8.1)

EQ-5D, moderate to severe problems, n (%)
Mobility 30 (100) 18 (90) [10] 14 (100) 34 (94) [6] 11 (100) 37 (95) [5]
Self-care 5 (17) 2 (10) [7] 2 (14) 5 (14) [0] 1 (9) 6 (15) [-6]
Usual activities 23 (77) 14 (70) [7] 11 (79) 26 (72) [6] 9 (82) 28 (72) [10]
Pain/discomfort 29 (97) 18 (90) [7] 14 (100) 33 (92) [8] 10 (91) 37 (95) [-4]
Anxiety/depression 11 (37) 3 (15) [22] 7 (50) 7 (19) [31]d 4 (36) 10 (26) [10]

Data presented as mean (standard deviation) unless otherwise indicated. 
Between-group comparisons were conducted with Student's t-test for continuous outcomes, and Fishers Exact for categorical outcomes, unless otherwise indicated. 
Alternative B Criteria (low HGS/BMI + low calf circumference + high %FM) had small n preventing comprehensive comparisons. 
BMI = body mass index, COPD = chronic obstructive pulmonary disease, CSTS = chair sit-to-stands, EQ-5D = EuroQol 5 Dimension quality of life, FM = fat mass, HGS = maximal handgrip strength, Non-SO = no sarcopenic 
obesity, SO = sarcopenic obesity, SOGLI = Sarcopenic Obesity Global Leadership Initiative, WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.

a SO defined by unadjusted SOGLI criteria = low CSTS + low ALST/weight + high %FM [No individuals were identified with SO based on unadjusted SOGLI criteria considering low absolute HGS].
b SO defined by adjusted SOGLI criteria = low relative HGS (HGS/BMI) + low ALST/weight + high %FM.
c SO defined by alternative A criteria = low relative HGS (HGS/BMI) + low ALST/BMI + high %FM.
d Significant difference between groups (p=<0.05).
e Trending towards significance based on p > 0.05 < 1.0.
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groups, sex, racial backgrounds, and/or chronic health conditions 
[13,23]. Clarity on assessment methods will improve the precision 
of low function and low muscle identification  for SO in OA 
patients.

Our study design was cross-sectional, which does not allow us to 
infer causality. SO can be a risk factor for worsening physical 
function, pain, and quality of life in knee OA. Longitudinal data 
suggest that SO may influence knee OA incidence [46], and trajec
tories of worse functioning [47]. Conversely, the presence of poor 
physical function, pain, and inactivity with knee OA may amplify 
the risk for muscle and strength loss leading to SO [48]. Both causal 
pathways are likely relevant, with overlapping and potentially cy
clic biomechanical, metabolic, and inflammatory  influences  [12]. 
Metabolic and inflammatory-related muscle impairments associ
ated with concurrent chronic diseases, including OA and type II 
diabetes, may also play a role. Research on SO in OA is still emerging, 
and our understanding will improve with further mechanistic 
studies and a consistent approach in SO diagnosis [13].

A barrier to increased implementation of SO diagnosis in 
research and clinical practice is related to limitations of access and 
cost of body composition assessment. Increased attention towards 
the relevance of SO in OA and implications on health care system 
outcomes and cost-effectiveness may be necessary to improve 
accessibility and use of body composition diagnostic tools. Clini
cians and researchers should consider following the SOGLI 
framework [13] to screen and identify SO in individuals with OA 
prior to recommending weight loss. This information would 
indicate a need for more tailored support, including effective 
treatment approaches to increase muscle mass and strength while 
reducing fat mass [49,50]. SO treatment and resolution may need 
to be prioritized over absolute weight loss targets in OA 
management.

A strength of this study is the targeted sample of patients with a 
BMI ≥35 kg/m2 and advanced knee OA, a group that has not been 
well-represented in OA clinical research [51]. Limitations include 
the cross-sectional study design and recruitment from a single 
clinical site, which may impact the generalizability of findings. 
Only a small number of males were enrolled, which did not allow 
for sex-based comparisons of clinical outcomes by SO status. Sex 
differences in body fat, muscle mass, muscle fiber  types, and 
susceptibility to disuse or inflammation-related muscle atrophy 
may influence risk for SO onset and progression, and clinical re
percussions [13]. We did not assess muscle composition (i.e. 
myosteatosis) [52]. Excess intra-and inter-muscular fat, and 
changes in muscle fiber number or type may be crucial in under
standing SO. Further considerations are needed to determine 
whether these factors can be effectively assessed and monitored in 
the clinical setting for patients with knee OA. We may have been 
statistically underpowered to compare differences between 
groups using varied SO diagnostic approaches, therefore our 
findings provide preliminary evidence to guide future comparative 
investigations. Additional limitations include the use of indirect 
methods to assess muscle mass (i.e. DXA and calf circumference). 
Consequently, other measurement approaches or thresholds for 
low muscle may provide different results [53]. Nonetheless, DXA is 
an accepted method for SO identification [53].

4. Conclusion

Prevalence of SO was 28 % (95%CI 15.5–40.4) in individuals with 
advanced knee OA and a BMI ≥35 kg/m2, adversely affecting 
mobility and quality of life. SO is an unrecognized but relevant 
condition in OA. Individuals with SO and advanced knee OA may 
benefit from tailored support to maintain or improve muscle mass 
and function, particularly ahead of surgery or presurgical weight 
loss decisions.
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