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Abstract: Background: Sarcopenia is a age-related symptom characterized by loss of muscle mass and strength,
which often coexists with knee osteoarthritis (KOA). Objective: In the current study, the association between sar-
copenia severity and the progression of KOA among elderly patients was explored. Methods: A total of 226 KOA
patients aged > 60 years were followed for 24 months. Sarcopenia was diagnosed into non-sarcopenia, probable,
confirmed, and severe categories. Outcomes included Kellgren-Lawrence (KL) progression, joint-space width (JSW)
narrowing, Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) deterioration, functional de-
cline, and biochemical changes. Multivariate logistic regression identified independent predictors. Model perfor-
mance was evaluated using ROC curves, calibration plots, and decision-curve analysis (DCA). Results: Radiographic
progression increased stepwise with sarcopenia severity (KL progression: 25% to 65%; JSW narrowing: 30% to 68%,
P < 0.001). Confirmed or severe sarcopenia independently predicted 24-month progression (OR = 2.58, 95% ClI
1.33-5.01). Additional predictors included slower gait speed, lower phase angle, elevated CRP and IL-6, reduced al-
bumin, and lower 25 (OH)D levels. The multivariable model integrating these factors achieved strong discrimination
(AUC = 0.86), excellent calibration, and meaningful net clinical benefit on DCA, outperforming sarcopenia severity
alone (AUC = 0.68). Kaplan-Meier curves demonstrated earlier progression in more severe sarcopenia groups. Con-
clusions: Sarcopenia severity is strongly associated with earlier KOA progression by interacting with biomechanical,
inflammatory, and nutritional pathways. Thus, a multidimensional model incorporating functional, inflammatory,
and nutritional parameters substantially improves prognostic accuracy.
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Introduction

As a highly prevalent degenerative joint dis-
ease, knee osteoarthritis (KOA) constitutes a
major cause of pain, disability, and reduced
quality of life in the aging population. Epide-
miological studies indicate that the prevalence
of KOA increases with age, obesity, weight-
bearing joint involvement, and metabolic fac-
tors, etc. [1, 2]. With the aging of the global
population, KOA is now placing a great burden
on the public health system and caregivers,
prompting the need for identifying the prognos-
tic factors of disease progression.

Among multiple factors influencing the pro-
gression of KOA, sarcopenia has emerged as a

major geriatric syndrome associated with falls,
disability, and reduced autonomy [3]. The dis-
ease is defined as the age-related progressive
loss of skeletal muscle mass, strength, and
physical performance, the pathophysiology of
which includes neuromuscular degeneration,
mitochondrial dysfunction, increased inflam-
matory signaling, and diminished anabolic re-
sponses in older skeletal muscle [3, 4]. In clini-
cal practice, sarcopenia is diagnosed by met-
rics of muscle mass, muscle strength, and
physical performance [5]. The coexistence of
KOA and sarcopenia is biologically plausible
and is drawing growing interest from clini-
cians. Both conditions share several mecha-
nistic pathways, including chronic low-grade
inflammation, oxidative stress, alterations in
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muscle-bone interplay, and reduced physical
activity due to pain and joint dysfunction, whi-
ch may interact to accelerate musculoskeletal
decline [6, 7]. For example, muscle weakness
typical of sarcopenia may reduce dynamic joint
stability, leading to altered load distribution
across the knee joint, increased cartilage
stress, subchondral bone changes, and ulti-
mately accelerate KOA progression [8, 9.
Conversely, KOA pain and mobility limitations
may reduce muscle use, induce muscle atro-
phy, and thus potentiate sarcopenia, which
suggests a potential bidirectional relationship
between the two disorders [10].

From a prognostic perspective, while many
studies have investigated risk factors for inci-
dent KOA, less is known about predictors of
disease progression - that is, the rate of wors-
ening structural damage and/or functional de-
cline. Established prognostic factors for KOA
progression include baseline radiographic se-
verity, malalignment, varus deformities, obesi-
ty, and inflammatory biomarkers. However, the
evidence for muscle factors in predicting pro-
gression has been inconsistent [11, 12]. For
instance, recent longitudinal data have found
that thigh muscle strength decline preceded
symptomatic KOA development in some co-
horts [13]. Another study reported that reduced
quadriceps cross-sectional area and increased
intramuscular fat predicted KOA progression
on MRI [14].

Specifically, the role of sarcopenia as a prog-
nostic indicator of faster progression in elderly
KOA patients has been less systematically
examined. A recent study found that base-
line sarcopenia (defined by muscle mass and
strength) was associated with a greater risk of
symptomatic KOA over four years (OR = 2.3) but
did not show a clear link with radiographic pro-
gression in that sample [10]. A more recent
study in an older Chinese population reported
that baseline sarcopenia (per AWGS 2019) was
associated with incident symptomatic KOA,
particularly in women, but the relationship with
structural progression and progression velocity
remains underexplored [15]. Additional cross-
sectional evidence links lower muscle mass
index with prevalent KOA and worse functional
status [16].

Mechanistically, muscle weakness or atrophy
may contribute to KOA progression via multiple
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pathways: (1) decreased periarticular muscle
support results in higher joint loading and
shear forces; (2) reduced muscle-derived myo-
kines and altered muscle-bone crosstalk that
may impair cartilage homeostasis; (3) sarcope-
nia is often accompanied by increased fat infil-
tration (myosteatosis), systemic inflammation,
and insulin resistance, which may exacerbate
cartilage catabolism and subchondral bone
changes; and (4) sarcopenic individuals may
have diminished capacity for joint-protective
movement patterns and reduced rehabilitation
responses. These mechanistic links make sar-
copenia a plausible modifiable risk factor for
more rapid KOA progression, particularly in
older patients whose muscle reserve is already
compromised.

Given the high prevalence of both sarcopenia
and KOA in the elderly, and the limited effective
disease-modifying therapies for KOA, identify-
ing prognostic markers of rapid progression is
clinically important. If sarcopenia is shown to
predict accelerated structural or symptomatic
deterioration in KOA, it would support early
screening and targeted interventions aimed at
preserving muscle mass and function as a
means to slow KOA progression. Therefore, in a
cohort of elderly patients (= 60 years) with
established knee osteoarthritis (Kellgren-La-
wrence grade llI-lll), the present study aims to
investigate whether the presence of sarcope-
nia is independently associated with a faster
rate of disease progression. We also attempt to
explore potential mediating factors and wheth-
er the prognostic association is modified by
seX, baseline obesity status, or baseline radio-
graphic severity. By focusing on progression
rate rather than merely incidence, and by in-
tegrating muscle mass/strength assessment
into the prognostic paradigm of KOA in the
older population, this study may provide data
to support the integration of sarcopenia sc-
reening into KOA management and progno-
stication.

Methods
Case selection and inclusion criteria

A retrospective cohort study was conducted in
elderly patients (= 60 years) diagnosed with
KOA and admitted to the Rheumatology and
Orthopedic Departments of Yangpu Hospital,
Tongji University, between January 2020 and
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December 2024. KOA was radiographically
confirmed based on the Kellgren-Lawrence
(KL) grading system. Patients were eligible for
inclusion if: 1) they were within KL grade II-ll;
2) were aged 60 years or older; 3) showed
reduced physical activity and decreased grip
strength during clinical screening; 4) had com-
pleted all required assessments; and 5) had
complete clinical records available for analysis.
Patients were excluded if: 1) had secondary
knee osteoarthritis; 2) had long-term bedrid-
den status that prevented valid physical perfor-
mance testing; 3) a history of knee joint sur-
gery, or inflammatory joint diseases such as
rheumatoid arthritis; 4) were experiencing ac-
tive inflammatory or infectious conditions; 5)
had advanced malignancy, severe cardiovas-
cular dysfunction, or recent cerebrovascular
events; or 6) any key clinical, functional, or
radiographic data were missing or incomplete.
All participants underwent standardized base-
line and 24-month evaluations. This retro-
spective study was approved by the Ethics
Committee of Yangpu Hospital, and the require-
ment for informed consent was waived due to
the use of de-identified data.

Data collection and variable definitions

Diagnosis and staging of sarcopenia: Sarco-
penia was diagnosed according to the Asian
Working Group for Sarcopenia 2019 (AWGS
2019) criteria based on the measurements of
muscle mass, strength, and physical perfor-
mance. Appendicular skeletal-muscle mass
(ASM) was quantified by dual-energy X-ray
absorptiometry or bioelectrical-impedance an-
alysis and normalized for height? (ASM/height?):
thresholds for low muscle mass were < 7.0 kg/
m? for men and < 5.4 kg/m? for women. Muscle
strength was measured using a Jamar handgrip
dynamometer (< 28 kg for men, < 18 kg for
women). Physical performance was evaluated
using the Short Physical Performance Battery
(SPPB <£9) and the Timed Up-and-Go test (> 12
s). Patients were classified into four catego-
ries - non-sarcopenia, probable, confirmed, and
severe - reflecting increasing neuromuscular
impairment.

Assessment of KOA progression: Radiographic,
clinical, and biochemical parameters were col-
lected at baseline and after 24 months from
patient records. Radiographic progression was
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defined as an increase of > 1 KL grade or = 0.5
mm reduction in medial joint-space width (JSW)
on standardized standing anteroposterior knee
radiographs. Pain, stiffness, and physical func-
tion were assessed using the Western Ontario
and McMaster Universities Osteoarthritis Index
(WOMAC). Functional capacity was quantified
by gait speed, grip strength, and bioimpedance-
derived phase angle. Laboratory analyses mea-
sured inflammatory and metabolic biomarkers,
including C-reactive protein (CRP), interleukin-6
(IL-6), tumor necrosis factor-a (TNF-a), matrix
metalloproteinase-3 (MMP-3), malondialdehy-
de (MDA), superoxide dismutase (SOD), albu-
min, prealbumin, and 25-hydroxyvitamin D
[25(0H)D], representing inflammation, oxida-
tive stress, and nutritional status, respectively.

Subgroup and predictive-model analyses: Sex-
specific and alignment-specific subgroup analy-
ses were performed to examine effect modifi-
cation. Lower-limb alignment was determined
from long-leg radiographs, with varus malalign-
ment > 5° as pathologic. Multivariate logistic
regression identified independent predictors
of 24-month radiographic progression from
candidate demographic, biomechanical, inflam-
matory, and nutritional variables. Model per-
formance was assessed for discrimination,
calibration, and clinical utility through recei-
ver-operating-characteristic (ROC) analysis, the
Hosmer-Lemeshow test, and decision-curve
analysis (DCA).

Statistical analysis

All analyses were performed using SPSS
v25.0 (IBM, USA) and R v4.3.1 (R Foundation,
Austria). Continuous variables were expressed
as mean + standard deviation (SD) or median
(interquartile range) and compared using one-
way ANOVA or Kruskal-Wallis tests with post-
hoc Bonferroni correction. Categorical varia-
bles were compared using x? or Fisher’s exact
tests. Linear-trend analysis across sarcopenia
categories employed polynomial contrasts. Uni-
variate logistic regression identified potential
predictors of radiographic progression (P <
0.10), which were entered into multivariate
regression using backward stepwise likelihood-
ratio selection. Odds ratios (ORs) with 95% con-
fidence intervals (Cls) were reported. Model
discrimination was quantified by the area un-
der the ROC curve (AUC), and calibration analy-
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Table 1. Baseline demographic, clinical, and biochemical characteristics across sarcopenia catego-

ries (AWGS 2019)

Variable Non(ﬁa:rcgg)e”'a Probable (n = 61) C&”Erzn?e)d Severe (n=36) p value
Age (vears) 685+ 6.1 70.3+6.4 717466 734:68  <0.001
Female sex (%) 60.97 65.95 66.66 0.643

BMI (ke/m?) 2530+3.60  2420+340  2340+320 22704310 <0.001
Hypertension (%) 46.34 48.94 52.77 0.731

Diabetes (%) 18.29 23.40 25.00 0.612

ASM index (kg/m?) 7.41+0.73 693+068  622:061  565+059 <0.001
Handgrip strength (kg) 2760+580  2390+560  20.50+510 17.20+4.70  <0.001
Gait speed (m/s) 1.08+0.18 0944047 0824045  0.68+014  <0.001
Phase angle (°) 6.12 + 0.65 571+0.68 5224071  478+069  <0.001
WOMAC Pain (0-20) 7.80 £ 3.90 8204400  870+420  9.00+430  0.363

WOMAC Function (0-68) ~ 25.40+10.20  27.10+10.80 29.80+11.20 321041160  0.076

CRP (mg/L) 2.40 + 1.60 360+190  490£220  620£270  <0.001
IL-6 (pg/mL) 3.80 + 1.40 510+190  670+240  830£290  <0.001
TNF-a (pg/mL) 5.50 +2.10 690+2.40  810+280  950£3.00 <0.001
MMP-3 (ng/mL) 5230+17.80  63.60+2050 74.80+2410 85.20+25.60 <0.001
MDA (nmol/mL) 310 £ 0.90 3.80+100  460+110  530+120  <0.001
SOD (U/mL) 116.80£20.40 10450+ 1890 92.30+16.80 83.60+15.50 < 0.001
Albumin (/L) 4280+380  41.20+360  39.60+350 3810320 <0.001
Prealbumin (mg/L) 242.60 +36.50 227.40 +35.80 211.30+33.40 196.70+3290 <0.001
25(0H)D (ng/mL) 2710+730  23.80+700  20.90+6.60  17.80+6.00  <0.001

Abbreviations: AWGS = Asian Working Group for Sarcopenia; ASM = appendicular skeletal-muscle mass; CRP = C-reactive pro-
tein; IL-6 = interleukin-6; TNF-a = tumor necrosis factor-o; MMP-3 = matrix metalloproteinase-3; MDA = malondialdehyde; SOD
= superoxide dismutase; 25(0OH)D = 25-hydroxyvitamin D; WOMAC = Western Ontario and McMaster Universities Osteoarthritis

Index.

sis was performed using the Hosmer-Leme-
show goodness-of-fit test. All statistical tests
were two-sided, with P < 0.05 considered as
statistically significant.

Results
Baseline characteristics

The current analysis enrolled 226 elderly KOA
patients, of which 82 were classified as non-
sarcopenia, 61 as probable, 47 as confirmed,
and 36 as severe sarcopenia. As shown in
Table 1, higher sarcopenia severity was as-
sociated with older age, lower BMI, and pro-
gressively reduced muscle mass, handgrip
strength, gait speed, and phase angle. Each
higher sarcopenia category exhibited signifi-
cantly poorer muscle quantity and quality than
the preceding category. Inflammatory and oxi-
dative-stress biomarkers increased in a grad-
ed fashion from non-sarcopenia to severe sar-
copenia, whereas antioxidant and nutritional
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markers showed the opposite pattern. These
differences collectively reflected a clear seve-
rity-dependent deterioration in musculoskele-
tal, inflammatory, and metabolic status in KOA
patients.

Longitudinal changes over 24 months

Across all the four groups, WOMAC pain, func-
tion, and total scores worsened over 24
months, but the magnitude of deterioration
increased stepwise with sarcopenia severity
(Table 2). Patients with confirmed or severe
sarcopenia showed the greatest functional
decline and the largest reductions in gait
speed, handgrip strength, and appendicular
skeletal-muscle mass. A similar gradient was
observed for biochemical markers, including
CRP, IL-6, TNF-at, MMP-3, and MDA, which rose
more sharply in the severe group. However,
antioxidant and nutritional markers declined
to a greater extent. These findings demonstrat-
ed that sarcopenia severity is strongly associ-
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Table 2. Radiographic, functional, anthropometric, and biochemical outcomes and 24-month changes

across sarcopenia categories (AWGS 2019)

Parameter Non-sarcopenia Probable Confirmed Severe p value
(n=82) (n=61) (n=47) (n=36)

Clinical Function (WOMAC)
WOMAC pain (0-20, 24 mo) 9.70 £ 4.20 10.80 + 4.40 11.70 £ 4.60 12.90+4.80 <0.001
A pain (points) +1.90 + 1.70 +2.60 + 1.80 +3.00 + 2.00 +3.90+2.10 <0.001
WOMAC function (0-68, 24 mo) 31.90+ 1140 35.60+11.80 39.60+12.40 43.80+12.90 <0.001
A function (points) +6.50 + 5.30 +8.50 + 5.70 +9.80+6.00 +11.70+6.40 <0.001
WOMAC total (24 mo) 50.90+12.30 57.80+13.00 63.50+13.40 69.10+13.90 <0.001
A WOMAC total +8.60 + 7.10 +11.10+ 740 +12.70+780 +14.90+8.10 <0.001

Anthropometric and Muscle Parameters
BMI (kg/m?2, 24 mo) 25.00 + 3.40 2410 £ 3.20 23.10 + 3.10 22.30+3.00 <0.001
A BMI (kg/m?) -0.30 + 0.50 -0.50 + 0.60 -0.70 £ 0.70 -0.90 + 0.80 <0.001
Weight change (%) -1.10 +2.40 -2.10 £ 2.70 -3.00 + 2.80 -3.70 £ 3.10 <0.001
Gait speed (m/s, 24 mo) 1.02 £ 0.18 0.88+0.18 0.76 £ 0.16 0.63+0.14 <0.001
A gait speed (m/s) -0.05 + 0.07 -0.07 £ 0.08 -0.08 + 0.09 -0.09 + 0.09 <0.001
ASM/height? (kg/m?2, 24 mo) 721+0.71 6.68 £ 0.64 5.92 + 0.59 5.31+0.57 <0.001
A ASM/height? (kg/m?) -0.20+0.24 -0.25 +0.26 -0.30 £ 0.27 -0.34 +0.29 0.018
Handgrip strength (kg, 24 mo) 26.90 + 5.50 22.60 + 5.30 19.30 + 4.80 16.10 +4.50 <0.001
A Handgrip (kg) -0.70 £ 1.60 -1.30+ 1.70 -1.20 + 1.50 -1.10 + 1.50 0.048

Inflammatory and Cartilage Markers
CRP (mg/L, 24 mo) 3.20+1.70 450 +2.10 6.10 £ 2.30 7.40 £ 2.60 <0.001
A CRP (mg/L) +0.80 + 1.00 +0.90 + 1.10 +1.20 + 1.20 +1.30 + 1.30 0.004
IL-6 (pg/mL, 24 mo) 4.40 + 1.60 6.00 + 2.10 7.80 £ 2.60 9.60 + 3.00 <0.001
A IL-6 (pg/mL) +0.60 + 0.80 +0.90 + 0.90 +1.10 + 1.00 +1.30 + 1.10 0.001
TNF-a (pg/mL, 24 mo) 6.10 £ 2.20 7.40 £ 2.50 8.90 + 2.90 10.30+3.20 <0.001
A TNF-ox (pg/mL) +0.60 + 0.70 +0.50 + 0.80 +0.80 + 0.90 +0.80 + 1.00 0.045
MMP-3 (ng/mL, 24 mo) 56.40 + 1810 68.20+21.00 79.50+23.70 91.40+26.20 <0.001
A MMP-3 (ng/mL) +4.10 + 5.50 +4.60 + 5.90 +4.70 £ 6.20 +6.20 + 6.40 0.011

Oxidative Stress and Nutritional Markers
MDA (nmol/mL, 24 mo) 3.50 + 0.90 4.30 +1.00 5.00 + 1.10 5.90 + 1.30 <0.001
A MDA (nmol/mL) +0.40 + 0.50 +0.50 + 0.60 +0.40 £ 0.50 +0.60 + 0.60 0.032
SOD (U/mL, 24 mo) 113.10 £ 19.90 100.20 + 18.30 8750+ 15.80 78.20+14.90 <0.001
A SOD (U/mL) -3.70 £ 6.80 -4.30 £ 7.10 -4.80 + 7.30 -5.40 + 7.60 0.192
Albumin (g/L, 24 mo) 4210+ 3.70 40.40 £ 3.50 38.70 + 3.40 37.20£3.10 <0.001
A Albumin (g/L) -0.70 + 1.00 -0.80 + 1.10 -0.90 +1.20 -0.90 + 1.20 0.041
Prealbumin (mg/L, 24 mo) 238.90 + 36.20 223.80 £ 35.40 208.20 +33.00 193.60 +32.40 <0.001
A Prealbumin (mg/L) -3.70 + 4.60 -3.60 + 4.80 -3.10 + 5.00 -3.10 £+ 5.10 0.078
25(0H)D (ng/mL, 24 mo) 25.60 + 7.00 21.80 + 6.60 19.20 £ 6.20 15.90+5.80 <0.001
A 25(0H)D (ng/mL) -1.50 £ 2.30 -2.00 + 2.50 -1.70 £ 2.30 -1.90 + 2.40 0.228
Total cholesterol (mmol/L, 24 mo) 4.49 +0.73 4.38 £0.70 4.24 + 0.67 4.10 + 0.64 0.046
Fasting glucose (mmol/L, 24 mo) 5.10 £+ 0.74 5.24 + 0.78 5.36 + 0.81 5.48 £+ 0.85 0.038

Abbreviations: AWGS = Asian Working Group for Sarcopenia; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index; ASM =
appendicular skeletal muscle mass; CRP = C-reactive protein; IL-6 = interleukin-6; TNF-oa = tumor necrosis factor-o; MMP-3 = matrix metallopro-
teinase-3; MDA = malondialdehyde; SOD = superoxide dismutase; 25(0H)D = 25-hydroxyvitamin D.

ated with faster functional and metabolic

deterioration.
Radiographic progression

Radiographic outcomes also varied substan-
tially among the four groups. As illustrated in
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Table 3, the proportion of patients with KL
grade progression and joint-space-width nar-
rowing increased progressively from the non-
sarcopenia to the severe sarcopenia category.
Severe sarcopenia was associated with more
than double the rate of structural progression
compared with non-sarcopenia. These severity-
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Table 3. Comparison of radiographic progression among sarcopenia categories

Parameter Non-sarcopenia Probable Confirmed Severe p value
(n=82) (n=61) (n=47) (n=236)

Kellgren-Lawrence progression (%) 25 54 54 65 <0.001
Joint space width progression (%) 30 45 58 68 <0.001
Table 4. Univariate and multivariate predictors of 24-month KOA progression

Variable Univariate OR pvalue Multivariate OR pvalue

(95% Cl) (95% Cl)

Age (per year) 1.06 (1.02-1.10) 0.003 1.04 (1.00-1.09 0.038
Female sex 1.48 (0.91-2.38) 0.112 1.22 (0.73-2.06 0.441
BMI (per kg/m?2) 0.94 (0.88-0.99) 0.041 0.95 (0.88-1.02 0.182
Sarcopenia (confirmed/severe vs. non-) 2.92 (1.76-4.83) <0.001 2.58 (1.33-5.01 0.005
Gait speed (per 0.1 m/s decrease) 1.55 (1.24-1.94) <0.001 1.87 (1.21-2.90 0.004
Phase angle (per 0.5° decrease) 1.37 (1.13-1.67) 0.001 1.54 (1.13-2.09 0.006

Weight loss > 5%

2.06 (1.14-3.72)

0.017

1.89 (1.02-3.49

0.043

Physical activity < 2 h/week 1.84 (1.03-3.29) 0.039

(

( 1.68 (0.92-3.10 0.089
CRP (per 1 mg/L increase) 1.25(1.12-1.38) <0.001

(

(

)

)

)

)

)

)

)

)

1.26 (1.09-1.46) 0.002

IL-6 (per 1 pg/mL increase) 1.18 (1.07-1.29 <0.001 1.11 (1.02-1.21) 0.014
) 0.137
) 0.007
) 0.038
) 0.019
) 0.026
) 0.089
)
)

0.93 (0.89-0.98 0.011

)

TNF-o (per 1 pg/mL increase) 1.09 (1.02-1.17) 0.011 1.06 (0.98-1.15
MMP-3 (per 10 ng/mL increase) 1.22 (1.10-1.35) <0.001 1.15 (1.04-1.27
MDA (per 1 nmol/mL increase) 1.28 (1.08-1.53) 0.004 1.22(1.01-1.49
SOD (per 10 U/mL increase) 0.77 (0.65-0.90) 0.001 0.83 (0.71-0.97
Albumin (per 1 g/L increase) 0.92 (0.87-0.97) 0.003 0.93 (0.88-0.99
Prealbumin (per 10 mg/L increase) 0.95 (0.91-0.99) 0.012 0.96 (0.92-1.01
25(0H)D (per 5 ng/mL increase) 0.93 (0.89-0.97) <0.001
Baseline KL grade (per grade) 1.83 (1.18-2.84) 0.007 1.61 (1.03-2.52 0.035

Baseline WOMAC total (per 10 points) 1.24 (1.03-1.48) 0.024 1.18 (0.97-1.44) 0.096

Abbreviations: OR = odds ratio; Cl = confidence interval; KL = Kellgren-Lawrence; AWGS = Asian Working Group for Sarcopenia;

BMI = body mass index; CRP = C-reactive protein.

dependent structural changes further support
sarcopenia as a strong determinant of radio-
graphic KOA progression.

Independent predictors of disease progression

The univariate analysis (Table 4) identified
multiple predictors of radiographic progres-
sion, including sarcopenia severity, slower gait
speed, lower phase angle, inflammatory activa-
tion, metabolic insufficiency, and higher base-
line KL grade. After adjustment for covariates,
confirmed or severe sarcopenia remained inde-
pendently associated with progression, togeth-
er with gait speed, phase angle, CRP, IL-6, albu-
min, and 25(0H)D. These findings indicated
that sarcopenia-related neuromuscular impair-
ment, systemic inflammation, and nutritional

1070

deficits jointly contribute to KOA progression
risk.

Subgroup analyses

Sex-stratified and alignment-stratified results
(Table 5) demonstrated notable effect modifi-
cation. The association between sarcopenia
and KOA progression was stronger in women
than in men, and was particularly pronounced
in individuals with varus malalignment. In these
subgroups, lower muscle strength, slower gait
speed, greater weight loss, and lower vitamin D
levels all conferred significantly higher progres-
sion risk. In contrast, these associations were
weaker or nonsignificant in men and individuals
with neutral alignment. These findings suggest-
ed that biomechanical loading and sex-related
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Table 5. Subgroup analysis stratified by sex and lower-limb alignment

Variable

Neutral alignment
(£5°,n=142) (>5°,n=106)

Varus alignment

Male (n = 93) Female (n = 155)

Sarcopenia (yes
vs.

Handgrip strength <
cutoff (AWGS 2019)

Gait speed < 1.0

no)

m/s

Weight loss > 5%

Vitamin D (per 5
ng/mL increase)

Physical activity < 2

h/week

OR = 1.89 (95% Cl OR =2.83 (95% Cl OR = 1.78 (95% Cl OR =3.12 (95% Cl
1.02-3.48, P = 0.042) 1.37-5.84, P =0.004) 0.92-3.42, P =0.092) 1.45-6.70, P = 0.003)
OR =1.62 (95% CI OR =2.21 (95% Cl OR =1.44 (95% CI OR =2.09 (95% CI
0.88-3.01, P=0.122) 1.18-4.16, P=0.013) 0.79-2.64, P=0.233) 1.08-4.04, P =0.028)
OR = 1.72 (95% CI OR =1.91 (95% CI OR = 1.59 (95% CI OR =2.27 (95% CI
0.94-3.14, P = 0.083) 1.05-3.46, P =0.034) 0.86-2.95, P=0.136) 1.15-4.48, P = 0.018)
OR = 1.84 (95% Cl OR =2.63 (95% Cl OR = 1.88 (95% CI OR =2.71 (95% ClI
0.92-3.69, P=0.088) 1.32-5.23, P = 0.006) 0.92-3.85, P=0.077) 1.29-5.68, P = 0.008)
OR = 0.84 (95% ClI OR =0.78 (95% Cl OR = 0.86 (95% Cl OR =0.73 (95% Cl
0.68-1.04, P=0.113) 0.63-0.97, P=0.023) 0.70-1.06, P =0.146) 0.58-0.93, P =0.009)
OR = 1.52 (95% Cl OR =2.03 (95% Cl OR = 1.41 (95% ClI OR =2.18 (95% CI
0.81-2.86, P=0.192) 1.09-3.77, P=0.025) 0.76-2.62, P=0.272) 1.10-4.33, P = 0.026)

Abbreviations: OR = odds ratio; Cl = confidence interval; AWGS = Asian Working Group for Sarcopenia; KOA = knee osteoarthritis.
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Figure 1. Kaplan-Meier analysis of radiographic pro-
gression by sarcopenia category. Cumulative prob-
ability curves show 24-month radiographic progres-
sion among non-sarcopenia, probable, confirmed,
and severe sarcopenia groups.

differences amplify the detrimental effect of
sarcopenia on joint deterioration.

Predictive-model performance and validation

As shown in Figure 1, the cumulative proba-
bility of radiographic KOA progression over the
24-month follow-up increased in a graded man-
ner according to sarcopenia severity. Patients
without sarcopenia exhibited the highest pro-
gression probability, whereas progressively lo-
wer probabilities were observed in the proba-
ble, confirmed, and severe sarcopenia groups.
This stepwise separation of curves was evident
early in follow-up and persisted throughout the
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observation period, indicating a time-depen-
dent association between sarcopenia severity
and radiographic progression risk (Figure 1).
The final multivariate predictive model (Table
6), incorporating gait speed, phase angle, CRP,
IL-6, albumin, and 25(0OH)D, demonstrated st-
rong discriminatory performance with an AUC
of 0.86 (Figure 2). In contrast, sarcopenia se-
verity alone provided only modest discrimina-
tion, yielding an AUC of 0.68 (Figure 3). De-
cision-curve analysis (DCA) also demonstrated
clear differences in clinical utility. The sarco-
penia-only model yielded minimal net benefit
across most threshold probabilities, perform-
ing similarly to a “treat-none” strategy. Con-
versely, the multivariable model provided sub-
stantial net benefit over a broad threshold
range (approximately 0.10-0.70), confirming its
relevance for guiding individualized clinical
decision-making in older adults with KOA (Fi-
gures 2B and 3B). Furthermore, calibration
analysis also supported the superiority of the
multivariable model: the calibration curve for
the sarcopenia-only model showed underesti-
mation at low predicted probabilities and over-
estimation at higher predicted probabilities,
indicating moderate calibration. In comparison,
the multivariable model displayed excellent
agreement between predicted and observed
risks, with its calibration curve closely follow-
ing the ideal 45° reference line, reflecting ac-
curate probability estimation across risk strata
(Figures 2C and 3C). The multivariable predic-
tion model demonstrated strong discriminative
ability (Figure 2A), whereas sarcopenia seve-
rity alone showed only modest discrimination

Am J Transl Res 2026;18(2):1065-1076



Association between sarcopenia and KOA in elders

Table 6. Predictive model for 24-month KOA progression (multivariate logistic regression)

Variable B (SE) Wald x? OR (95% Cl) p-value
Phase angle (per 0.5° decrease) 0.49 (0.16) 9.45 1.63 (1.20-2.22) 0.002
Gait speed (per 0.1 m/s decrease) 0.59 (0.19) 9.62 1.81(1.23-2.68) 0.002
CRP (per 1 mg/L increase) 0.22 (0.08) 7.61 1.25(1.08-1.45) 0.006
IL-6 (per 1 pg/mL increase) 0.11 (0.04) 7.64 1.12 (1.03-1.22) 0.006
25(0H)D (per 5 ng/mL increase) -0.08 (0.03) 6.92 0.92 (0.86-0.98) 0.009
Albumin (per 1 g/L increase) -0.07 (0.03) 4.94 0.93 (0.88-0.99) 0.026
Constant -1.38 (0.46) 9.02 - 0.003
Abbreviations: OR = odds ratio; Cl = confidence interval; KOA = knee osteoarthritis.
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for radiographic progression (Figure 3A). The
lower AUC of sarcopenia severity alone under-
scores the limited predictive capacity of single-
domain muscle assessment and highlights the
incremental value of combining functional, in-
flammatory, and nutritional indicators.

Consistent with these findings, adjusted ORs
for radiographic progression increased progre-
ssively from probable to confirmed and severe
sarcopenia, highlighting the graded prognostic
impact of worsening muscle decline (Figure 4).
Together, these discrimination, calibration, and
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tive model of 24-month KOA progression.

DCA results indicate that the integration of
functional, inflammatory, and nutritional indi-
cators yields a markedly more robust and clini-
cally useful prognostic tool than sarcopenia
severity alone.

Based on the aforementioned analyses, the
final multivariable predictive model (Table 6)
consisted of six independent predictors as fol-
lowings: logit(p) = -1.38 + 0.59 x (gait speed
decrease per 0.1 m/s) + 0.49 x (phase angle
decrease per 0.5°) + 0.22 x CRP + 0.11 x IL-6-
0.07 x albumin - 0.08 x (25(0H)D per 5 ng/mL).
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Figure 3. Predictive performance of
sarcopenia severity predicting radio-
graphic progression in knee osteo-
arthritis (KOA). A. Receiver operating
characteristic (ROC) curve for sarco-
penia severity predicting radiographic
progression in KOA. B. Decision-curve
analysis (DCA) for the predictive mod-
el of sarcopenia severity predicting
radiographic progression in KOA. C.
Calibration analysis for the sarcope-
nia severity predicting radiographic

progression in KOA.

was corresponding to a pre-
dicted 24-month radiographic
progression probability of app-
roximately 81%. The probabi-
lity illustrated how the model
integrates functional, inflam-
matory, and nutritional param-
eters to generate clinically in-
terpretable risk estimates for
the radiographic progression
in KOA patients.

B 0.4}
= 0.3}
E
o 0.2f
2
K 2 01f
= 2
3 2 oof
= 3
~ =z
= —-0.1F
> , ) .
g L Sarcopenia severity o2l
5 AUC =0.68
® 004 -
i — Reference -0.3
00 02 04 06 08 1.0 1.0 00 02
1-specificity (False positive rate)
C 1.0} —e— Model -
—-=-=- Reference //
0.8
2
g
206
<
o
®
2 0.4
@
A
o
0.2
0.0f
0.0 0.2 0.4 0.6 0.8
Predicted probability
3.1(3.0-4.7)
Severe - f ¥
_ 2.4(1.6-3.7)
Confirmed — F A !
2.4 (1.5-3.9)
Probable F = !
Non-sarcopenia - e 1.0 (Reference)
T T T T
0 1 2 3 4
Ajusted OR (95% ClI)

Figure 4. Association between sarcopenia severity and radiographic pro-
gression. Forest plot showing adjusted odds ratios (OR) and 95% confidence
intervals (Cl) for radiographic progression according to sarcopenia severity.

For demonstration, a patient with a 0.2 m/s
decrease in gait speed, a 1.0° reduction in
phase angle, CRP of 6 mg/L, IL.-6 of 8 pg/mL,
albumin of 38 g/L, and 25(0OH)D of 18 ng/mL
had a calculated linear predictor of 1.42, which
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5 Discussion

The current study investigated
the association between sar-
copenia and the progression
of KOA in older adults, and
the findings highlighted that
decreases in skeletal muscle

mass and strength were strongly related to
faster radiographic progression, aggravated
pain, and reduced physical function. It was
demonstrated that individuals with probable,
confirmed, or severe sarcopenia experienced
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significantly higher rates of KOA deterioration
and functional impairment than non-sarcope-
nic participants, which suggests that sarcope-
nia is not only a comorbidity, but also an inde-
pendent determinant of disease progression.
Additionally, based on the 2019 AWGS criteria,
our study also revealed a clear severity-depen-
dent relationship between muscle decline and
KOA progression: sarcopenia stage contribut-
ed to worsening radiographic deterioration,
inflammatory activation, and nutritional deple-
tion, supporting a dose-response association
between sarcopenia severity and KOA progre-
ssion.

Generally, sarcopenia and KOA frequently co-
exist in aging populations, and share similar
risk factors such as advanced age, physical
inactivity, obesity, and systemic inflammation
[10, 16, 17]. Veronese et al. [10] demonstrated
that lower-limb muscle strength and mass were
independently associated with incident symp-
tomatic KOA. A meta-analysis confirmed that
low muscle mass index and sarcopenic obesity
can increase KOA risk by 36% and 78%, res-
pectively [16]. Similarly, a large Chinese lon-
gitudinal study indicated that sarcopenic obe-
sity doubled the risk of KOA and that muscle
strength mediated the effect of obesity on joint
outcomes [17]. Our findings were consistent
with these previous studies: beyond traditional
anthropometric indicators, functional measur-
es and biochemical indices independently pre-
dict structural progression. As shown in the
logistic regression model, the integration of
these variables achieved excellent discrimina-
tion and robust calibration, outperforming sar-
copenia status alone, which suggests that
combining inflammatory, nutritional, and bio-
mechanical factors can enhance the precision
of KOA prognosis.

The potential pathophysiological link between
sarcopenia and KOA may be mediated via bio-
mechanical, inflammatory, and metabolic me-
chanisms [6, 18-20]. Reduced quadriceps st-
rength compromises joint stability, alters load
distribution, and accelerates cartilage wear.
Fat infiltration within skeletal muscle dimini-
shes muscle contractility and promotes the
release of proinflammatory cytokines such as
IL-6 and TNF-a, which exacerbates chondrocy-
te catabolism and synovitis [21, 22]. Further-
more, sarcopenic obesity amplifies mechanical
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loading and systemic inflammation, creating a
“vicious cycle” that drives progressive struc-
tural damage [23-25]. This interplay between
mechanical stress and metabolic dysfunction
underscores the dual importance of maintain-
ing both muscle strength and metabolic health
to mitigate KOA progression. Chronic low-grade
inflammation may promote proteolysis and
impair muscle regeneration, while hypovitamin-
osis D and hypoalbuminemia reflect poor ana-
bolic reserve and reduced tissue repair capac-
ity, jointly facilitating cartilage breakdown and
joint space narrowing. Cross-sectional studies
in U.S. and Asian populations have demonstrat-
ed independent associations between sarco-
penia and the prevalence and severity of KOA
after adjusting for age, sex, and BMI [6, 18].
Previous studies found that sarcopenic obesity
was more strongly correlated with KOA severity
than non-sarcopenic obesity [21]. Similarly, the
JHPN cohort revealed that sarcopenic KOA
patients exhibited higher pain scores and poor-
er performance on functional tests than their
nonsarcopenic counterparts [18]. Recent Men-
delian randomization analyses also provided
genetic evidence for a causal relationship be-
tween reduced muscle mass and KOA, mediat-
ed in part by body fat mass [22]. Our subgroup
analyses also showed that the impact of sarco-
penia was particularly pronounced in women
and in patients with varus malalighment. Toge-
ther, these factors may magnify the detrimen-
tal consequences of muscle weakness on joint
stability and cartilage integrity.

Muscle quality has emerged as another de-
terminant of joint health. Thomas et al. [26]
reported that reduced muscle radiodensity was
associated with greater cartilage volume loss
and functional decline, while Kalinkovich et al.
[27] confirmed that sarcopenic obesity exacer-
bates inflammation and cartilage degeneration
through adipokine dysregulation and mitochon-
drial dysfunction. In addition, our Kaplan-Meier
analysis demonstrated that sarcopenia severi-
ty not only increased the likelihood of progres-
sion, but also accelerated its occurrence: pa-
tients with confirmed or severe sarcopenia
showed earlier radiographic deterioration, im-
plying that muscle loss may precipitate disea-
se onset by reducing dynamic joint protection
and neuromuscular coordination. This tempo-
ral relationship highlights the need for early
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muscle-strengthening interventions in high-risk
individuals.

Clinically, the integration of sarcopenia screen-
ing into KOA management offers valuable prog-
nostic and therapeutic insights. The identifica-
tion of sarcopenic or sarcopenic-obese pheno-
types can guide personalized interventions to
preserve muscle quality and joint integrity.
Preoperative screening before TKA and periop-
erative strengthening may also reduce compli-
cations and improve recovery trajectories [16,
17]. These strategies align with the growing
concept of “muscle-joint crosstalk”, emphasiz-
ing the bidirectional influence between muscle
degeneration and cartilage deterioration. Ne-
vertheless, some limitations must be acknowl-
edged. First, muscle assessment relied on bio-
electrical impedance analysis or DXA rather
than imaging-based muscle quality indices
such as computed tomography or magnetic
resonance imaging, which could underestimate
myosteatosis. Second, while longitudinal data
permit temporal inference, residual confound-
ing from physical activity, nutrition, and sy-
stemic inflammation remains possible. Third,
our study population primarily consisted of
Asian elderly adults, so results may not fully
generalize to other ethnicities. Future multi-
center studies should combine imaging-based
muscle phenotyping and randomized exercise-
nutrition interventions to establish causality
and refine treatment algorithms. Additionally,
future studies should validate our findings in
larger, multiethnic cohorts and explore whether
correcting modifiable predictors can translate
into slower radiographic progression.

In conclusion, sarcopenia significantly influenc-
es the onset and progression of KOA. Our data
confirm that sarcopenia severity exerts a grad-
ed and time-dependent effect on KOA progres-
sion and that a multidimensional model incor-
porating inflammatory, nutritional, and biome-
chanical parameters enhances prognostic pre-
cision. Early identification and multimodal in-
terventions should be prioritized to mitigate
sarcopenia-related KOA progression. Recogni-
zing the muscle-joint axis represents a critical
step toward precision rehabilitation and health-
ier aging.
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