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ARTICLE INFO ABSTRACT

Keywords: Introduction. Osteoarthritis (OA) is a joint disorder and is considered one of the leading causes
Anthropomet.ry of disability worldwide. It is commonly associated with aging and characterized by chronic pain,
B_Od,y comPosmon joint stiffness, and limitations in daily activities. This study aimed to evaluate the association
lélslile(i()zll:?}gliiis between lipid profile and body composition with the severity of OA, as measured by the Western
WOMAC Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score. Methods. This cross-

sectional study involved 67 community-dwelling older adults. Assessments included fasting lipid
profiles (HDL, LDL, total cholesterol, Apo A, Apo B, and triglycerides), body fat distribution and
Corresponding author: muscle mass, anthropometric measurements (body mass index, waist circumference, and hip
Shirly Gunawan circumference), and handgrip strength. Associations between variables were analyzed using
E-mail address: Spearman’s correlation test with a significance level of 5%. Results. Correlation analysis
shirlyg@fk.untar.ac.id demonstrated associations between lipid profile levels and worsening OA symptoms. Higher Apo
Blevels were associated with increased trunk fat (r=0.47, p<0.001) and greater joint pain (r=0.35,
p=0.004). Lower HDL levels were associated with increased visceral fat (r=-0.37, p=0.002) and
greater joint stiffness (r=0.26, p=0.038). Greater upper extremity muscle mass was associated
with less severe pain (r=-0.38, p<0.001), while higher body mass index and waist circumference
https://doi.org/10.32539/BJI.v12i2.307 were associated with higher WOMAC scores (r=0.32, p=0.009). Conclusion. These findings
support the concept that OA is a systemic condition influenced by metabolic and biomechanical
pathways. OA management should therefore include metabolic control, optimization of body
composition, and routine monitoring of lipid profiles and anthropometric indices as part of non-
pharmacological therapy and preventive strategies.

All authors have reviewed and approved
the final version of the manuscript.

1. Introduction central obesity accompanied by rapid lifestyle

Osteoarthritis (OA), particularly of the knee joint,
is a leading cause of musculoskeletal disability
worldwide. This condition is characterized by chronic
pain, joint stiffness, and significant functional
limitations in daily activities, especially among the
older population.! According to estimates from the
Global Burden of Disease (GBD) 2019 study, OA
contributes substantially to global Years Lived with
Disability (YLD).? A meta-analysis involving Asian
populations reported a relatively high burden of knee
osteoarthritis, with prevalence exceeding 5.5%,
corresponding to approximately 5,677 cases per
100,000 individuals in Southeast Asia.23 In Indonesia,
epidemiological data indicate that the prevalence of
osteoarthritis more than doubled between 1990 and
2019, underscoring the significant public health
implications of OA.# Data from urban areas such as
Jakarta reveal a high prevalence of general and

transitions, positioning anthropometric parameters
as critical determinants of musculoskeletal health in
the community. These parameters are directly
relevant to the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC), which
assesses pain, stiffness, and physical function in
individuals with osteoarthritis.>¢

Anthropometric factors, such as body mass index
(BMI) and waist circumference, strongly influence the
clinical manifestations of OA. Several previous studies
have demonstrated a dose-response relationship
between higher BMI and worse WOMAC scores in the
pain and physical function domains, reinforcing
obesity as a major determinant of OA clinical
severity.” Increased waist circumference, as an
indicator of central adiposity, has been associated
with higher WOMAC scores and reduced quality of life
among OA patients, suggesting that fat distribution
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may be more clinically relevant than overall body
mass alone? In addition to BMI and waist
circumference, handgrip strength has shown a
negative correlation with WOMAC scores, reflecting
reduced muscle strength and functional capacity in
patients with 0A.1011

Beyond simple anthropometric measurements,
body composition offers deeper biological insight into
WOMAC domains. Higher fat mass has been
correlated with more severe pain and functional
impairment, reflecting both mechanical and
metabolic contributions of adiposity to OA
symptoms.12 The phenomenon of sarcopenic obesity,
characterized by increased fat mass combined with
reduced muscle mass, has been associated with worse
clinical outcomes in OA. Therefore, combined
assessments of skeletal muscle mass percentage and
body fat percentage are essential to enrich functional
analyses and provide a more comprehensive
understanding of disease impact.1314 In Jakarta and
other major urban centers in Indonesia, low physical
activity levels, coupled with a high prevalence of
central obesity, further underscore the urgency of
incorporating body composition variables to explain
variations in pain, stiffness, and functional
outcomes.15

Growing clinical evidence indicates that abnormal
lipid profiles (dyslipidemia) are also associated with
OA symptom progression, with hypercholesterolemia
being linked to greater knee pain intensity in OA
patients. These associations highlight the role of
inflammatory pathways and metabolic dysfunction in
OA pathogenesis.’6 Recent evidence suggests that
dyslipidemia, characterized by elevated total
cholesterol and triglycerides and reduced high-
density lipoprotein (HDL) levels, contributes to
structural knee damage and the development of a
metabolic osteoarthritis phenotype. Furthermore,
circulating apolipoprotein B levels have been
consistently reported to be higher in individuals with
osteoarthritis compared to those without the disease.
These findings underscore the importance of
measuring apolipoprotein A1l and apolipoprotein B in
studies exploring the metabolic mechanisms
underlying osteoarthritis.17.18 The high prevalence of
metabolic syndrome components, particularly low
HDL levels and central obesity, further reinforces the
importance of including total cholesterol, HDL,
triglycerides, apolipoprotein Al, and apolipoprotein
B as meaningful independent variables in the context
of OA.1°

Overall, the increasing burden of osteoarthritis
and the significant growth rate of Years Lived with
Disability (YLD) emphasize the urgency of research
aimed at mapping the biological pathways linking
WOMAC symptom domains with dominant metabolic
and morphometric risk factors in urban
populations.}2 Previous studies have indicated that
data elucidating the combined relationships between

anthropometric parameters, body composition, lipid
profiles, and OA symptoms remain limited.20
Therefore, this study aims to map the
interrelationships and potential pathways linking
lipid profiles, body composition, and anthropometric
parameters with WOMAC scores in an adult
population in Jakarta, thereby providing a foundation
for preventive interventions targeting metabolic and
musculoskeletal risks within urban primary
healthcare settings.

. Methods

This is a cross-sectional study that recruited 65
community-dwelling older adults aged 60 years or
older from the Asisi Church community in Tebet,
South Jakarta, using consecutive sampling at
community gatherings and health outreach events
within a defined enrollment window. The inclusion
criteria were age >60 years, ability to provide
informed consent, ability to ambulate independently
or with minimal aid, and ability to complete the
WOMAC assessment. For the exclusion criteria, any
diagnosed inflammatory arthritis (e.g., rheumatoid,
psoriatic, gout), prior major lower-limb joint
replacement, acute knee trauma or surgery within the
last 3 months, decompensated acute illness, severe
cognitive impairment limiting reliable assessment,
presence of implanted electronic cardiac devices
(contraindication for bioimpedance), or conditions
that may substantially distort bioimpedance
measures (e.g., gross edema). The final sample size
(n=65) was pragmatic and community-based; with
alpha 0.05 and power 80%, this sample provides
adequate precision to detect at least moderate
correlations (approximately |p|=0.33), appropriate
for the primary objective of correlation mapping
rather than causal inference.

Data collection followed standardised operating
procedures by trained assessors under the
supervision of a study clinician. Lipid profiles were
obtained as follows: LDL, HDL, total cholesterol, and
triglycerides were measured using a capillary-based
lipid panel (Nesco) according to the manufacturer’s
protocol, while apolipoproteins A1l (ApoAl) and
apolipoproteins B (ApoB) were quantified from
venous serum using a semi-automated chemical
analyser under internal quality control. Body
composition, including total body fat percentage, fat
distribution indices, and skeletal muscle percentage,
was measured using bioelectrical impedance analysis
(Karada OMRON HBF 375) with participants
barefoot, following pre-test recommendations
(voiding, removal of metal accessories, and short
rest). Height was measured to 0.1 cm using a
Microtoise GEA stadiometer with Frankfurt plane
alignment. Body weight was captured using an
OMRON device and used to compute BMI. Waist
circumference was measured at the midpoint
between the lower costal margin and the iliac crest,
and hip circumference at the maximal gluteal
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prominence, both using a non-stretch elastic tape to
0.1 cm, with two readings averaged (third reading if
discrepancy >0.5 cm). Handgrip strength was
measured using a Camry EH 101 dynamometer in the
seated position with the shoulder adducted, the
elbow at 90°, and the neutral wrist. Three trials were
performed on the dominant hand with 30 - 60
seconds of rest, and the highest value (kg) was
recorded. Symptom burden was assessed using the
Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) administered as a
structured questionnaire.

Independent variables comprised lipid profiles
(LDL, HDL, total cholesterol, triglycerides, ApoAl,
ApoB), body composition (total body fat percentage,
skeletal muscle percentage, and fat distribution
metrics from OMRON HBF 375), anthropometric
parameters (BMI in kg/m?, waist circumference in
cm, hip circumference in cm), and handgrip strength
(kg). The dependent variable was the Osteoarthritis
Index, operationalized by the WOMAC scores,
including the total score and the three subscales: pain,
stiffness, and physical function. Operational
definitions were as follows BMI was calculated as
weight  (kg)/height®* (m?), waist and hip
circumferences were the averaged centimeter
measures as per protocol, handgrip strength was the
best of three dominant-hand trials in kilograms, lipid
parameters were expressed in mg/dL per device or
analyzer calibration, ApoA1l and ApoB were reported
in mg/dL, and body composition outputs were
expressed as percentages provided by the OMRON
device (total body fat %, skeletal muscle %, and
region-specific fat distribution where applicable).
WOMAC responses were summed by domain and
either analyzed as raw sums or transformed to a 0-
100 scale (higher scores indicating worse symptoms),
with the chosen scaling applied consistently across
analyses and reported in the statistical plan. If any
data are missing, they will be removed.

Statistical analysis adhered to a prespecified plan.
Univariate analysis summarized continuous variables
by median (depending on distribution) and
categorical variables as counts (percentages).
Distributional assumptions were evaluated using the
Kolmogorov-Smirnov test and visual inspection
(histograms). Given the anticipated non-normality for
several clinical variables, bivariate associations
between each independent variable and WOMAC
outcomes (total, pain, stiffness, function) were tested
using Spearman’s rank correlation (r) with a two-
tailed alpha of 0.05. Where appropriate, sensitivity
analyses explored robustness (e.g., by excluding a
priori-identified outliers), while acknowledging the

exploratory nature of multiple comparisons without
formal multiplicity adjustment. All analyses targeted
80% power at alpha 5% to detect moderate effect
sizes within the constraints of n=65, and were
performed using SPSS, with complete-case analysis
after documenting patterns of missingness and
applying double data entry and range checks for
quality control.

. Results

The study included 65 respondents who met the
inclusion criteria, with a median age of 74 years
(range 62-88) and a predominance of females
(72.3%). The assessment of osteoarthritis symptoms
using the WOMAC index showed relatively low
median scores for pain (2), stiffness (1), and physical
function (4), with a median total WOMAC score of 9,
though wide ranges indicated variability in disease
severity. Body composition analysis revealed a
median total skeletal muscle percentage of 22.8%,
with the trunk (16.6%), the upper extremities
(26.8%), and the lower extremities contributing the
largest proportions (37.2%). While total body fat
reached a median of 34.7% and visceral fat a median
of 10. Anthropometric parameters showed a median
BMI of 24.1 kg/m?, a waist circumference of 88.5 cm,
a hip circumference of 96 cm, and a waist-to-hip ratio
of 0.921, reflecting a generally overweight profile.
Laboratory measurements showed a median total
cholesterol of 205 mg/dL, HDL of 51 mg/dL,
triglycerides of 132 mg/dL, LDL of 129 mg/dL, ApoA
of 160 mg/dL, and ApoB of 105 mg/dL. In terms of
physical function, the median handgrip strength was
18.4 kg, suggesting reduced muscular performance
consistent with older adult populations (Table 1).

The correlation analysis showed that WOMAC
scores (total, pain, stiffness, and physical function)
were strongly interrelated (r = 0.39-0.97, p < 0.05),
confirming the internal consistency of these symptom
domains. Skeletal muscle parameters demonstrated
negative correlations with WOMAC outcomes (r = -
0.26 to -0.38, p < 0.05), suggesting that higher muscle
mass may protect against greater symptom severity.
In contrast, body fat distribution, particularly visceral
and subcutaneous fat, showed positive associations
with WOMAC scores (r = 0.26-0.35, p < 0.05),
suggesting that greater adiposity is significantly
associated with worse osteoarthritis symptoms.
Within body composition, skeletal muscle and fat
compartments showed strong inverse correlations (r
=-0.671t0-0.93,p <0.001), whereas fat compartments
themselves were highly intercorrelated (r = 0.79 to
0.99, p < 0.001) (Figure 1-4).
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Table 1. Characteristics of respondents

Parameter Median (%) Minimum Maximum
Age, years 74 62 88
Gender (%)
Male 18 (27.7)
Female 47 (72.3)
Pain (WOMAC) 2 0 13
Stiffness (WOMAC) 1 0 6
Physical Function (WOMAC) 4 0 52
Total WOMAC Score 9 0 69
Total Skeletal Muscle % 22.8 17.6 36
Skeletal Muscle, Trunk % 16.6 11.8 27.8
Skeletal Muscle, Upper Ext % 26.8 15.3 37.1
Skeletal Muscle, Lower Ext % 37.2 24.4 59.5
Total Body Fat % 34.7 10.6 43.8
Visceral Fat 10 0.5 70
Body Mass Index, kg/m? 24.1 15.6 35.6
Total Subcutaneous Fat % 27.1 10.7 70.4
Subcutaneous Fat, Trunk % 23.7 9 34.1
Subcutaneous Fat, Upper Ext 40.6 139 56.6
%
Subcutaneous Fat, Lower Ext 34.2 13.3 47.8
%
Total Cholesterol (mg/dL) 205 135 332
High-Density Lipoprotein 51 24 95
(HDL, mg/dL)
Triglycerides (mg/dL) 132 46 554
Low-Density Lipoprotein 129 17 174
(LDL, mg/dL)
Apolipoprotein Al (mg/dL) 160 96 177
Apolipoprotein B (mg/dL) 105 65 133
Weight (kg) 56.8 39.8 96.9
Height (cm) 154.8 139.5 174
Waist Circumference (cm) 88.5 66 114
Hip Circumference (cm) 96 78 126
Waist-to-Hip Ratio 0.921 0.777 1.030
Handgrip Strength (kg) 18.4 8.15 34.5

Figure 1. Correlation heatmap of WOMAC, skeletal
muscle, body fat, lipid profile, and anthropometric
parameters
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Figure 5. Correlation pathway diagram linking lipid profile, anthropometric measures, body composition,
and WOMAC domain

For biochemical and anthropometric measures,
WOMAC scores showed weak negative correlations
with total cholesterol, HDL, LDL, and Apo-A (r = -0.04
to -0.28, p > 0.05), suggesting no significant
associations. Conversely, triglycerides and Apo-B
showed weak positive correlations with the WOMAC
domains (r = 0.06-0.13, p > 0.05), though these were
not statistically significant. Anthropometric indices
such as BMI, waist circumference, and hip
circumference showed modest positive correlations
with WOMAC scores (r = 0.25-0.32, p < 0.05),
suggesting that central obesity contributes to
symptom burden. Notably, handgrip strength showed
weak negative correlations with WOMAC outcomes (r
= -0.22 to -0.27, p < 0.05), suggesting that better

muscle function may mitigate osteoarthritis-related
disability. Taken together, the results emphasize that
significant predictors of WOMAC burden are
primarily related to adiposity and muscle strength,
whereas lipid alterations show only marginal,
nonsignificant effects (Figure 1-4).

The correlation diagram illustrates the
interrelationships among lipid profile,
anthropometry, body composition, and WOMAC
domains. Significant negative correlations were
observed between skeletal muscle mass and WOMAC
physical function (r =-0.28, p = 0.031), indicating that
greater muscle mass is associated with better
functional status, while visceral and subcutaneous fat
showed positive correlations with WOMAC scores (r
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= 0.31 to 0.32, p < 0.05), suggesting that higher
adiposity contributes to worse osteoarthritis
symptoms. Anthropometric indices such as BMI,
waist, and hip circumference correlated positively
with fat distribution (r = 0.25 to 0.37, p < 0.05),
reflecting their role as markers of central obesity. In
the lipid profile, HDL was inversely correlated with
BMI (r =-0.36, p = 0.0003) and physical function (r =
-0.28, p = 0.022), while triglycerides, total cholesterol,
and ApoB demonstrated positive correlations with
adiposity measures and WOMAC outcomes (r = 0.26
to 0.32, p < 0.05). (Figure 5)

. Discussion

The findings of this study demonstrate patterns
consistent with the international literature. WOMAC
scores (pain, stiffness, and physical function) showed
negative correlations with skeletal muscle mass
parameters (r = -0.26 to -0.38) and positive
correlations with adiposity indicators, including
visceral and subcutaneous fat (r = 0.26 to 0.35). In
contrast, the associations between WOMAC scores
and lipid biomarkers were relatively weak, with
triglycerides and apolipoprotein B showing modest
positive correlations (r = 0.06-0.13), while HDL
cholesterol and total cholesterol tended to show
negative correlations (r = -0.04 to -0.28). The
relationship between obesity, osteoarthritis risk, and
disease severity has been extensively documented in
prior research. Meta-analytic evidence indicates that
overweight status increases the risk of knee pain
(pooled OR 1.98), while obesity more than doubles
the risk (pooled OR 2.66). Our findings align with this
evidence, as positive correlations were observed
between BMI, waist circumference, and WOMAC
scores in our sample (r = 0.25-0.32). Collectively,
these results support the concept of mechanical
loading as a principal pathway linking adiposity to
osteoarthritis symptomatology.21.22

Beyond mechanical loading, central fat
distribution, as reflected by waist circumference and
abdominal obesity, also demonstrates a strong
correlation ~ with  functional limitations in
osteoarthritis. Cohort studies and observational
analyses have consistently reported that both general
and abdominal obesity increase the risk of developing
osteoarthritis. Available evidence indicates an odds
ratio of 1.73 for several definitions of abdominal
obesity. These findings corroborate the observed
correlations between waist-to-hip ratio and WOMAC
scores in the present study. Taken together, the
results reinforce the role of central adiposity in
contributing not only to localized mechanical stress
but also to a pro-inflammatory metabolic phenotype
associated with osteoarthritis progression.23.24

The role of muscle mass and functional strength,
as measured by handgrip, appeared to be protective
in our study. Handgrip strength demonstrated
negative correlations with WOMAC scores (r = -0.22
to -0.27). Several studies and metal analysis have

reported that sarcopenia or low muscle mass
increases the odds of osteoarthritis and its related
symptoms. Prior evidence has indicated that
sarcopenia is associated with an odds ratio of 2.29,
while low muscle mass index in both extremities
confers an odds ratio of 1.36. Longitudinal studies
have further demonstrated associations between
lower extremity strength, handgrip performance, and
the progression of pain and functional decline in
osteoarthritis. Collectively, these findings suggest
that loss of muscle mass and declining strength
contribute to an increased functional burden and
exacerbate the joint’s susceptibility to mechanical
stress.2526.27

Based on the findings of our study, lipid profile
data demonstrated relatively weak associations
between classical lipid biomarkers (total cholesterol,
LDL, and HDL) and WOMAC scores, although stronger
positive correlations were observed for triglycerides
and apolipoprotein B. Previous evidence has reported
heterogeneous results: some studies identified
associations between triglycerides or insulin
resistance indices and the occurrence of
osteoarthritis or subchondral lesions, whereas
systematic  reviews on  dyslipidemia and
osteoarthritis have documented variable outcomes
depending on study design and population
characteristics. Causal and experimental analyses
have further suggested that LDL and triglycerides
may promote synovial inflammation and joint tissue
lesions in animal models. Accordingly, the weak
associations observed in our cohort may reflect more
subtle metabolic effects on  osteoarthritis
symptomatology, rather than the more pronounced
mechanical influence of obesity.2829

Overall, the correlation patterns observed in our
sample support a multifactorial model of
osteoarthritis pathogenesis. The findings suggest that
obesity, particularly central fat distribution, together
with reduced muscle mass and strength, plays a
critical role in the development of osteoarthritis
symptoms. These factors exert their influence
through both mechanical loading and inflammatory-
metabolic pathways. In contrast, lipid profiles
showed more complex, relatively weaker direct
associations with clinical outcomes. Furthermore, the
strong intercorrelations among the WOMAC domains
(r = 0.87-0.97) observed in this study highlight the
clinical cohesion of pain, stiffness, and functional
impairment as interrelated manifestations of the
disease. This study has several limitations that
warrant consideration in future research. The cross-
sectional design limits the ability to draw causal
inferences about the relationships among adiposity,
muscle mass, lipid profiles, and osteoarthritis
symptoms. As such, the observed associations may
reflect bidirectional relationships, for example,
osteoarthritis-related pain leading to reduced
physical activity and subsequent muscle loss. In
addition, the relatively weak associations of lipid
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biomarkers in the correlational analyses may have
been influenced by variability in lipid-lowering
pharmacotherapy or residual metabolic confounding
factors that were not fully controlled. The sample size
and age distribution of participants may also limit the
generalizability of the findings to older osteoarthritis
populations or patients with more advanced
radiographic disease. To address these gaps,
prospective longitudinal studies incorporating
repeated measures of body composition and
metabolic and inflammatory biomarkers, such as IL-
6, CRP, and adipokines, together with strict control
for medication use and lifestyle factors, are
recommended. Furthermore, interventional studies,
including programs to enhance muscle mass or
reduce central adiposity, are needed to determine
whether modification of these targets can reduce
WOMAC scores and slow radiographic progression of
osteoarthritis.

. Conclusion

This study concludes that osteoarthritis
symptoms, as measured by WOMAC scores among
older adults living in urban communities in Jakarta,
are influenced by a complex interaction between
anthropometric factors, body composition, muscle
strength, and lipid profiles, in line with the study
objective of mapping the relationships between
morphometric and metabolic factors and the burden
of OA symptoms. Anthropometric parameters
reflecting general and central obesity, including body
mass index, waist circumference, and hip
circumference, were associated with higher WOMAC
scores, suggesting a role for mechanical loading in
joint pain, stiffness, and functional limitation. In
addition, body composition provided further
biological insight, with increased body fat and
unfavorable fat distribution associated with symptom
worsening, while greater muscle mass and higher
handgrip  strength  demonstrated protective
associations with physical function. Lipid profiles
showed weaker but consistent associations,
particularly for triglycerides and apolipoprotein B,
suggesting the involvement of metabolic pathways in
the pathogenesis of osteoarthritis. Overall, these
findings support the concept of osteoarthritis as a
systemic condition influenced by both mechanical
and metabolic factors and underscore the importance
of integrated management and prevention strategies
through weight control, optimization of body
composition and muscle strength, and monitoring of
metabolic factors within urban primary healthcare
settings.

. Author Contribution

D.D, M.F.D, and S.G.B. contributed to literature
review, data entry, and manuscript drafting. S.G.
conceptualized the study, supervised data collection,
and led the interpretation of results. A.H.S. assisted
with methodological development and data
interpretation. Y.F. contributed to study design,

statistical analysis, and manuscript editing. All
authors reviewed and approved the final version of
the manuscript.

. Acknowledgements

The authors would like to express their sincere
gratitude to the Elderly Community of the Catholic
Church of St. Francis of Assisi, Tebet, for their
participation and support in this study. Appreciation
is also extended to the Universitas Tarumanagara
Human Research Ethics Committee (UTHREC) for
their ethical guidance, as well as to the Faculty of
Medicine, Universitas Tarumanagara, for their
continuous support. Finally, we acknowledge the
valuable contributions of the community service
student teams from the 2021-2024 cohorts, whose
dedication and assistance in data collection were
integral to the completion of this research.

. References

1. Steinmetz JD, Culbreth GT, Haile LM, Rafferty Q,
Lo ], Fukutaki KG, et al. Global, regional, and
national burden of osteoarthritis, 1990-2020
and projections to 2050: a systematic analysis
for the Global Burden of Disease Study 2021.
Lancet Rheumatol. 2023;5(9):e508-22.

2. Butarbutar JC, Basuki P, Sungono V, Riantho A,
Fidiasrianto K. Burden of osteoarthritis in
Indonesia: A Global Burden of Disease (GBD)
study 2019. Narra J. 2024;4(2):e884.

3. CuiA, LiH,WangD,Zhong], ChenY, Lu H. Global,
regional prevalence, incidence and risk factors of
knee osteoarthritis in population-based studies.
EClinicalMedicine. 2020;29-30:100587.

4. Yang G, Wang ], Liu Y, Lu H, He L, Ma (, et al.
Burden of Knee Osteoarthritis in 204 Countries
and Territories, 1990-2019: Results From the
Global Burden of Disease Study 2019. Arthritis
Care Res (Hoboken). 2023;75(12):2489-500.

5. Ayuningtyas D, Kusuma D, Amir V, Tjandrarini
DH, Andarwati P. Disparities in Obesity Rates
among Adults: Analysis of 514 Districts in
Indonesia. Nutrients. 2022;14(16):3332.

6. Nurwanti E, Hadi H, Chang ]S, Chao ]CJ,
Paramashanti BA, Gittelsohn ], et al. Rural-
Urban Differences in Dietary Behavior and
Obesity: Results of the Riskesdas Study in 10-
18-Year-0Old Indonesian Children and
Adolescents. Nutrients. 2019;11(11):2813.

7. Raud B, Gay C, Guiguet-Auclair C, Bonnin A,
Gerbaud L, Pereira B, et al. Level of obesity is
directly associated with the clinical and
functional consequences of knee osteoarthritis.
Sci Rep. 2020;10(1):3601.

8. Antoine LH, Watts KA, Rumble DD, Buchanan T,
Sims A, Goodin BR. Weight, height, waist
circumference: association with knee
osteoarthritis findings from the osteoarthritis
initiative. PAIN Reports. 2024;9(5):e1187.

9. Vasilic-Brasnjevic S, Marinkovic ], Vlajinac H,
Vasiljevic N, Jakovljevic B, Nikic M, et al

128


https://www.thelancet.com/journals/lanrhe/article/PIIS2665-9913(23)00163-7/fulltext
https://www.thelancet.com/journals/lanrhe/article/PIIS2665-9913(23)00163-7/fulltext
https://www.thelancet.com/journals/lanrhe/article/PIIS2665-9913(23)00163-7/fulltext
https://www.thelancet.com/journals/lanrhe/article/PIIS2665-9913(23)00163-7/fulltext
https://narraj.org/main/article/view/884
https://narraj.org/main/article/view/884
https://narraj.org/main/article/view/884
https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(20)30331-X/fulltext
https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(20)30331-X/fulltext
https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(20)30331-X/fulltext
https://acrjournals.onlinelibrary.wiley.com/doi/10.1002/acr.25158
https://acrjournals.onlinelibrary.wiley.com/doi/10.1002/acr.25158
https://acrjournals.onlinelibrary.wiley.com/doi/10.1002/acr.25158
https://www.mdpi.com/2072-6643/14/16/3332
https://www.mdpi.com/2072-6643/14/16/3332
https://www.mdpi.com/2072-6643/14/16/3332
https://www.mdpi.com/2072-6643/11/11/2813
https://www.mdpi.com/2072-6643/11/11/2813
https://www.mdpi.com/2072-6643/11/11/2813
https://www.mdpi.com/2072-6643/11/11/2813
https://www.mdpi.com/2072-6643/11/11/2813
https://www.nature.com/articles/s41598-020-60587-1
https://www.nature.com/articles/s41598-020-60587-1
https://www.nature.com/articles/s41598-020-60587-1
https://journals.lww.com/painrpts/fulltext/2024/10000/weight,_height,_waist_circumference__association.15.aspx
https://journals.lww.com/painrpts/fulltext/2024/10000/weight,_height,_waist_circumference__association.15.aspx
https://journals.lww.com/painrpts/fulltext/2024/10000/weight,_height,_waist_circumference__association.15.aspx
https://journals.lww.com/painrpts/fulltext/2024/10000/weight,_height,_waist_circumference__association.15.aspx

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Association of body mass index and waist
circumference  with  severity of knee
osteoarthritis. Acta Reumatol Port.
2016;41(3):226-31.

Kim M], Kang BH, Park SH, Kim B, Lee GY, Seo YM,
et al. Association of the Western Ontario and
McMaster Universities Osteoarthritis Index
(WOMAC) with Muscle Strength in Community-
Dwelling Elderly with Knee Osteoarthritis. Int ]
Environ Res Public Health. 2020;17(7):2260.
Available from:

Fazil Kulakli, ilker Fatih Sari. Is there a
relationship between hand grip strength and
knee osteoarthritis in terms of radiological and
functional findings in female patients?. Arch
Rheumatol. 2021;36(3):389-97.

Ertiirk C, Altay MA, Sert C, Levent A, Yapt1 M,
Yiice K. The body composition of patients with
knee osteoarthritis: relationship with clinical
parameters and radiographic severity. Aging
Clin Exp Res. 2015;27(5):673-9.

Balogun S, Scott D, Aitken D. Association
between sarcopenic obesity and knee
osteoarthritis: A narrative review. Osteoarthr
Cartil Open. 2024;6(3):100489.

Tong B, Chen H, Wang M, Liu P, Wang C, Zeng W,
et al. Association of body composition and
physical activity with pain and function in knee
osteoarthritis patients: a cross-sectional study.
BM] Open. 2024;14(1):e076043.

Kurniawan F, Sigit FS, Trompet S, Yunir E,
Tarigan TJE, Harbuwono DS, et al. Lifestyle and
clinical risk factors in relation with the
prevalence of diabetes in the Indonesian urban
and rural populations: The 2018 Indonesian
Basic Health Survey. Prev Med Reports.
2024;38:102629.

Cho BW, Kim DS, Kwon HM, Yang IH, Lee WS,
Park KK. Cross-Sectional Association between
Hypercholesterolemia and Knee Pain in the
Elderly with Radiographic Knee Osteoarthritis:
Data from the Korean National Health and
Nutritional Examination Survey. ] Clin Med.
2021;10(5):933.

Shumnalieva R, Kotov G, Monov S. Obesity-
Related Knee Osteoarthritis—Current Concepts.
Life. 2023;13(8):1650.

Wei G, Lu K, Umar M, Zhu Z, Lu WW, Speakman
JR, et al. Risk of metabolic abnormalities in
osteoarthritis: a new perspective to understand
its pathological mechanisms. Bone Res.
2023;11(1):63.

Herningtyas EH, Ng TS. Prevalence and
distribution of metabolic syndrome and its
components among provinces and ethnic groups
in Indonesia. BMC Public Health.
2019;19(1):377.

Kwok LA, Kristian K, Handajani YS, Barus JFA.
Dari Lemak ke Sendi: Bahaya Proporsi Lemak
Tubuh sebagai Penyebab Osteoartritis Lutut. ]

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kedokt Meditek. 2025;31(5).

Sept L, Korownyk CS. Effect of diet-induced
weight loss on osteoarthritic knee pain. Can Fam
Physician. 2022;68(2):113-113.

Silverwood V, Blagojevic-Bucknall M, Jinks C,
Jordan JL, Protheroe ], Jordan KP. Current
evidence on risk factors for knee osteoarthritis
in older adults: a systematic review and meta-
analysis. Osteoarthr Cartil. 2015;23(4):507-15.
Christiansen MB, Thoma LM, Master H, Voinier
D, White DK. The Association of an Increasing
Waist Circumference and Risk of Incident Low
Physical Function in Adults with Knee
Osteoarthritis. ] Rheumatol. 2020;47(10):1550-
6.

Kim JE, Huh Y, Lee JH, Kim S, Kim H]J, Park H]J, et
al. Association of Body Mass Index and Waist
Circumference with Osteoarthritis among
Korean Adults: A Nationwide Study. Korean ]
Fam Med. 2024;45(3):157-63.

Chung JY, Kim SG, Kim SH, Park CH. Sarcopenia:
how to determine and manage. Knee Surg Relat
Res. 2025;37(1):12.

Veronese N, Stefanac S, Koyanagi A, Al-Daghri
NM, Sabico S, Cooper C, et al. Lower Limb Muscle
Strength and Muscle Mass Are Associated With
Incident Symptomatic Knee Osteoarthritis: A
Longitudinal Cohort Study. Front Endocrinol
(Lausanne). 2021;12.

Wu Q,XuZ MaX,LiJ,Du],Ji], et al. Association
oflow muscle mass index and sarcopenic obesity
with knee osteoarthritis: a systematic review
and meta-analysis. ] Int Soc Sports Nutr.
2024;21(1).

Huang G, Zhong X, Zhang M, Xu M, Pei B, Qian D.
The association between lipid biomarkers and
osteoarthritis based on the National Health and
Nutrition Examination Survey and Mendelian
randomization study. Sci Rep. 2024;14(1):1357.
Meng H, Jiang L, Song Z, Wang F. Causal
Associations of Circulating Lipids with
Osteoarthritis: A  Bidirectional Mendelian
Randomization Study. Nutrients.
2022;14(7):1327.

129


https://pubmed.ncbi.nlm.nih.gov/27682419/
https://pubmed.ncbi.nlm.nih.gov/27682419/
https://pubmed.ncbi.nlm.nih.gov/27682419/
https://www.mdpi.com/1660-4601/17/7/2260
https://www.mdpi.com/1660-4601/17/7/2260
https://www.mdpi.com/1660-4601/17/7/2260
https://www.mdpi.com/1660-4601/17/7/2260
https://archivesofrheumatology.org/index.php/pub/article/view/1197
https://archivesofrheumatology.org/index.php/pub/article/view/1197
https://archivesofrheumatology.org/index.php/pub/article/view/1197
https://archivesofrheumatology.org/index.php/pub/article/view/1197
https://link.springer.com/article/10.1007/s40520-015-0325-4
https://link.springer.com/article/10.1007/s40520-015-0325-4
https://link.springer.com/article/10.1007/s40520-015-0325-4
https://www.oarsiopenjournal.com/article/S2665-9131(24)00056-6/fulltext
https://www.oarsiopenjournal.com/article/S2665-9131(24)00056-6/fulltext
https://www.oarsiopenjournal.com/article/S2665-9131(24)00056-6/fulltext
https://bmjopen.bmj.com/content/14/1/e076043
https://bmjopen.bmj.com/content/14/1/e076043
https://bmjopen.bmj.com/content/14/1/e076043
https://www.sciencedirect.com/science/article/pii/S2211335524000445?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2211335524000445?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2211335524000445?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2211335524000445?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2211335524000445?via%3Dihub
https://www.mdpi.com/2077-0383/10/5/933
https://www.mdpi.com/2077-0383/10/5/933
https://www.mdpi.com/2077-0383/10/5/933
https://www.mdpi.com/2077-0383/10/5/933
https://www.mdpi.com/2077-0383/10/5/933
https://www.mdpi.com/2075-1729/13/8/1650
https://www.mdpi.com/2075-1729/13/8/1650
https://www.nature.com/articles/s41413-023-00301-9
https://www.nature.com/articles/s41413-023-00301-9
https://www.nature.com/articles/s41413-023-00301-9
https://link.springer.com/article/10.1186/s12889-019-6711-7
https://link.springer.com/article/10.1186/s12889-019-6711-7
https://link.springer.com/article/10.1186/s12889-019-6711-7
https://link.springer.com/article/10.1186/s12889-019-6711-7
https://ejournal.ukrida.ac.id/index.php/Meditek/article/view/3495
https://ejournal.ukrida.ac.id/index.php/Meditek/article/view/3495
https://www.cfp.ca/content/68/2/113
https://www.cfp.ca/content/68/2/113
https://www.oarsijournal.com/article/S1063-4584(14)01342-9/fulltext
https://www.oarsijournal.com/article/S1063-4584(14)01342-9/fulltext
https://www.oarsijournal.com/article/S1063-4584(14)01342-9/fulltext
https://www.oarsijournal.com/article/S1063-4584(14)01342-9/fulltext
https://www.jrheum.org/content/early/2020/03/09/jrheum.190876
https://www.jrheum.org/content/early/2020/03/09/jrheum.190876
https://www.jrheum.org/content/early/2020/03/09/jrheum.190876
https://www.jrheum.org/content/early/2020/03/09/jrheum.190876
https://www.kjfm.or.kr/journal/view.php?doi=10.4082/kjfm.23.0178
https://www.kjfm.or.kr/journal/view.php?doi=10.4082/kjfm.23.0178
https://www.kjfm.or.kr/journal/view.php?doi=10.4082/kjfm.23.0178
https://link.springer.com/article/10.1186/s43019-025-00265-6
https://link.springer.com/article/10.1186/s43019-025-00265-6
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.804560/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.804560/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.804560/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.804560/full
https://www.tandfonline.com/doi/full/10.1080/15502783.2024.2352393
https://www.tandfonline.com/doi/full/10.1080/15502783.2024.2352393
https://www.tandfonline.com/doi/full/10.1080/15502783.2024.2352393
https://www.tandfonline.com/doi/full/10.1080/15502783.2024.2352393
https://www.nature.com/articles/s41598-024-51523-8
https://www.nature.com/articles/s41598-024-51523-8
https://www.nature.com/articles/s41598-024-51523-8
https://www.nature.com/articles/s41598-024-51523-8
https://www.mdpi.com/2072-6643/14/7/1327
https://www.mdpi.com/2072-6643/14/7/1327
https://www.mdpi.com/2072-6643/14/7/1327
https://www.mdpi.com/2072-6643/14/7/1327

	1. Introduction

