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Abstract

Background Currently, obesity has been recognized to be an independent risk factor for osteoarthritis (OA), and the
Metabolic Score for Visceral Fat (METS-VF) has been suggested to be potentially more accurate than body mass index
(BMI) in the assessment of obesity. Nevertheless, the correlation of METS-VF with OA has not been obviously revealed
yet. Therefore, this study aimed to delve into the potential relationship between METS-VF and OA.

Methods By examining data from the NHANES (2009-2018), weighted multivariate logistic regression analyses were
used for assessing the correlation between METS-VF and OA. Subgroup analyses were then performed to validate the
findings. Moreover, the nonlinear relationship between the two was assessed by restricted cubic spline (RCS). Receiver
operating characteristic (ROC) curves were plotted to examine the diagnostic accuracy of METS-VF versus previous
obesity index for OA.

Results This study involved 7639 participants. According to our results, METS-VF was notably related to an elevated
risk of OA, regardless of the METS-VF and the trend of positive association was more pronounced with the elevating
METS-VF level (p for trend < 0.05). Subgroup analyses showed that the positive association between METS-VF and
prevalence of osteoarthritis persisted in all populations with different characteristics, confirming its validity in all
populations. Besides, RCS results showed a significant non-linear relationship between METS-VF and OA (p-non-
linear <0.05). As indicated by the ROC curve analysis results, METS-VF was a superior predictor of OA to BMI and HC.

Conclusions This study finds a possible nonlinear positive correlation between METS-VF and the risk of OA. In
addition, METS-VF may serve as an indicator for the more accurate diagnosis of OA and provide a new way to further
evaluate the relationship between visceral fat and OA.
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Background

Osteoarthritis (OA) refers to a chronic disease that
affects joint cartilage, resulting in damage to the sub-
chondral bones, meniscus, ligaments, moreover, it often
involves the knees, hips, hands and feet [1]. It is a clini-
cal condition characterized by progressive joint pain,
swelling, stiffness, and dysfunction. The prevalence and
disability rate of OA are increasing year by year, and OA
has been the second most prevalent and disabling disease
after heart disease [2]. According to Cross M, the OA-
related disability cases elevated from 10.5 million in 1990
to 17.1 million in 2010 [3]. Globally, the disease affects
about 18% of women and 10% of men aged 60 years and
over. About 80% of these patients have limited mobility,
while one in four affects daily life [4, 5].

In recent studies, OA is recognized as a multifaceted
disease affected by a number of causative factors. Senes-
cence, genetics, obesity, and imbalance of metabolic
homeostasis have been identified as the potential risk
factors for OA [6-8]. Currently, with population aging
and the rising obesity rate, the risk of obesity-induced
OA, type 2 diabetes mellitus, hypertension, cardiovascu-
lar disease, sleep disorders, and premature death is also
on the increase [9]. Internationally, the body mass index
(BMI) has been widely applied in assessing weight status
and health risks associated with obesity in an individual.
However, despite its widespread use as a simple clinical
indicator, BMI has several limitations and may not pro-
vide a full and accurate picture of an individual’s overall
health status [10]. As reported in some studies, there
may be significant differences in the amounts of visceral
adipose and muscular tissues and in metabolic profiles
among individuals with the same BMI [11, 12].Currently,
waist circumference (WC), hip circumference (HC), and
waist-to-hip ratio (WHR) have been gradually used as
the predictors of obesity in OA [13]. However, similar to
BMI, they are associated with certain drawbacks. Mean-
while, magnetic resonance imaging (MRI), the gold indi-
cator for evaluating visceral adipose tissue, has limited
the researchers’ discussion on the relationship between
visceral adiposity and OA due to its high cost [8]. There-
fore, a more reliable approach is to identify indicators
that can more accurately reflect the level of visceral adi-
posity for predicting OA.

In recent years, the Metabolic Score for Visceral Fat
(METS-VF) has been reported to be highly efficiently
assess a variety of diseases [14, 15]. However, the accu-
racy of using METS-VF as an indicator of OA has not
been explored until now. In order to explore the relation-
ship between METS-VF and OA, this cross-sectional
study was conducted based on data from the National
Health and Nutrition Examination Survey (NHANES).
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Materials and methods

Data sources and study population

NHANES is a deinstitutionalized two-year survey of
samples of the U.S. population held by the Centers for
Disease Control and Prevention (CDC), hoping to assess
the health and dietary status of the U.S. population. It
incorporates multiple face-to-face interviews, physical
examinations, questionnaires, and laboratory tests, and
data are obtained through a multistage probability sam-
pling design. Participants are provided with the institu-
tional informed consent prior to both the interview and
examination phases. All procedures are standardized
by the NCHS Research Ethics Review Board according
to the U.S. Department of Health and Human Services
(HHS) Policy for the Protection of Human Research Sub-
jects. For a detailed description of the NHANES survey
methodology and data sources, please access the website
(http://www.cdc.gov/nchs/nhanes/index.htm).

Based on pertinent questionnaires and laboratory
examination results, a cross-sectional study was con-
ducted in this work using five individual NHANES sur-
vey cycles (2009-2018). A total of 49,693 individuals
participated in this survey, and participants with the
following missing information were excluded, includ-
ing METS-VF (n=35301), OA (n=4103), age<20 years
(n=233), total energy deficit (n=558), and total energy
intake extremes<500 or >5,000 kcal/day in females, and
<500 or >8,000 kcal/day in male individuals (n=57), level
of education (n=6), poverty income ratio (n=834), smok-
ing (n=10), alcohol consumption (n=650), hyperten-
sion (n=13), diabetes (1#=224), coronary heart disease
(n=17), and serum calcium (#=48). Finally, 7639 partici-
pants were enrolled in this study for final analysis (Fig. 1).

Assessment of osteoarthritis

OA was assessed using a NHANES codebook question-
naire in the form of “Has a doctor or other health pro-
fessional ever told you that you have arthritis?”. The
response options were “yes” or “no” Those who chose
“yes” went on to the next round of the questionnaire with
the question “What type of arthritis is this?” Those who
selected the option of OA were included in the study.

Assessment of visceral fat metabolic score

The METS-VF is an index which can be adopted for
assessing the visceral fat accumulation and associated
metabolic health of an individual. In this study, METS-
VF was calculated using the following formula: METS-
VE=4.466+0.011[(Ln (METS-IR))®]+3.239[(Ln (WHtR)
)3]+0.319(Sex) +0.594(Ln (Age)) (“male” = 1, “female” =
0). The metabolic insulin resistance score (METS-IR) was
calculated with the formula: METS-IR=Ln [(2 X fasting
glucose) +fasting triglycerides) x BMI] / [Ln (high-density
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Fig. 1 Flow chart for participants
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Table 1 The characteristics of participants (NHANES 2009-2018)

Variables Non-osteoarthritis formers Osteoarthritis formers p-value
n=6702 n=937

Age (years) 45.16 (21.01) 59.08 (15.15) <0.001

Vitamin D (nmol/L) 68.79 (35.96) 84.01 (46.02) <0.001

Calories (kcal/day) 2140.27 (1095.65) 2015.62 (979.25) <0.001

Blood calcium (mg/dL) 934 (047) 9.35(048) 0.5069

METSVF 9.54 (2.01) 10.21 (1.66) <0.001

Gender (%) <0.001

Male 52.25(51.04-53.45) 38.58 (35.50-41.76)

Female 47.75 (46.55-48.96) 61.41 (58.24-64.50)

Race (%) <0.001

Mexican American 15.55 (14.68-16.46) 8.65 (6.99-10.66)

Other Hispanic 10.51 (9.79-11.29) 7.35(5.83-9.23)

Non-Hispanic White 4242 (41.23-43.62) 61.18 (58.00-64.26)

Non-Hispanic Black 18.87 (17.95-19.82) 15.16 (13.02-17.58)

Other Race 12,65 (11.88-13.46) 7.65 (6.12-9.53)

Education (%) <0.001

Below high school 30.8(29.78-32.02) 36.86 (33.81-40.02)

High school 22.21(21.22-23.24) 22.34(19.76-25.16)

Above high school 46.89 (45.69-48.10) 40.79 (37.67—43.99)

Poverty income ratio (%) <0.001

<13 33.17 (32.04-34.32) 26.12 (23.37-29.08)

1.3-35 36.44 (35.28—37.61) 41.14 (38.01-44.35)

>35 30.39 (29.30-31.51) 32.74(29.81-35.81)

Work activity (%) <0.001

Vigorous 19.56 (18.61-20.54) 16.26 (14.01-18.79)

Moderate 25.34 (24.30—-26.40) 22.82 (20.24-25.63)

Other 55.10 (53.90—56.30) 60.92 (57.74—64.01)

Recreational activities (%) <0.001

Vigorous 23.39 (22.40-24.40) 14.43 (12.35-16.80)

Moderate 27.22 (26.15-28.31) 26.59 (23.85-29.52)

Other 49.39 (48.18-50.60) 58.98 (55.78—62.09)

Smoking (%) <0.001

Now 20.09 (19.13-21.08) 20.02 (17.56-22.72)

Former 56.02 (54.81-57.22) 46.64 (43.45-49.87)

Never 23.89 (22.86—24.95) 33.34 (30.36—36.45)

Table 1Continued

Variables Non-osteoarthritis formers Osteoarthritis formers p-value
n=6702 n=937

Alcohol intake (%) 0.026

Yes 69.77 (68.65—70.87) 66.12 (62.99-69.10)

No 30.23 (29.13-31.35) 33.88 (30.90—37.00)

Diabetes (%) <0.001

Yes 11.77 (10.99-12.61) 21.83(19.23-24.67)

No 88.23 (87.39-89.01) 78.17 (75.33-80.77)

Hypertension (%) <0.001

Yes 33.35(32.20—34.51) 59.71 (56.53-62.81)

No 66.65 (65.49-67.80) 40.29 (37.19-43.47)

Coronary artery disease (%) <0.001

Yes
No

2.80(2.34-3.36)
97.20 (97.04—97.66)

5.28 (3.85-7.20)
94.72 (92.80-96.15)

For continuous variables: survey-weighted means (SD), p-values derived from survey-weighted linear regression; For categorical variables: survey-weighted
percentages (95% Cl), p-values were obtained by survey-weighted chi-square test
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Table 2 Association between METS-VF and osteoarthritis
analyzed using logistic regression

Model Quartiles of METS-VF p for

Q1 Q2 Q3 Q4 trend

Model 1 1 215 3.07 3.90 <0.01
(1.58-291)  (230-4.10) (2.94-5.15)

Model 2 1 1.40 1.84 2.27 <0.01
(1.02-1.94)  (1.35-251) (1.67-3.08)

Model 3 1 143 1.93 233 <0.01
(1.02-201)  (1.39-269)  (1.65-3.28)

Model 1:no covariates were adjusted
Model 2: adjusted for age and gender

Model 3: adjusted for age, gender, race, education level, poverty-to-income
ratio, alcohol intake, smoking status, work intensity, recreational intensity,
serum calcium level, vitamin D level, hypertension, diabetes, and coronary
heart disease, energy

lipoprotein cholesterol)]. In addition, waist-to-height
ratio (WHtR) was calculated by WHtR=WC / HT.

Covariates

In addition to the variables of OA and METS-VF in the
questionnaire, a number of potential confounders were
investigated, including age, gender, race, education level,
poverty-to-income ratio, alcohol intake (Categorized as
whether they consume at least 12 alcoholic beverages
per year), smoking status (Categorization is determined
by whether or not you have “smoking at least 100 ciga-
rettes in your life” and whether or not you smoke now),
work intensity, recreational intensity, serum calcium level
(mg/dL), vitamin D (nmol/L) level, hypertension, dia-
betes, and coronary heart disease, dietary intake factors
(containing energy intake, fat intake, protein intake, car-
bohydrate intake, total saturated fatty acid intake, total
monounsaturated fatty acids intake, and polyunsaturated
fat intake). All of the participants underwent two 24-hour
dietary recalls. As shown in this particular analysis, the
average consumption of the two recalls was used as a
dietary intake factor for inclusion in the study.

Statistical analysis

Statistical analyses were conducted with Stata 17.0 and
R (version 4.3.1), with two-sided p<0.05 being consid-
ered of statistical significance. Considering the complex
sampling design and ensuring the nationally represen-
tative estimates, all analyses were adjusted for the sur-
vey design and weighting variables, for which a simple
linear scaling of the 2-year weights (the original 2-year
sample weights divided by 2) was performed. In this
study, continuous variables were shown to be weighted
survey means and standard deviations and analyzed by
survey-weighted linear regression, and categorical vari-
ables were indicated by weighted survey ratios (%) and
95% confidence intervals (Cls) and analyzed by survey-
weighted chi-square tests. Besides, the association of
OA with quartiles of the METS-VF index was examined
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using the multivariable-adjusted logistic regression mod-
els. According to the guidelines [16], three models were
developed to explore the association between METS-VF
and OA. Model 1 was unadjusted for variables, Model 2
was adjusted for age and sex, while Model 3 was adjusted
for all the covariates. Thereafter, the four categorical vari-
ables of METS-VF were transformed into continuous
variables and incorporated into a weighted multivariate
logistic regression model to identify the potential linear
trends in the association. Next, subgroup analyses strati-
fied by age, gender, race, education, household income
poverty, smoking, alcohol consumption, blood pressure,
and blood glucose were also conducted. Furthermore,
dose-response relationships in the logistic regression
model 3 were assessed with restricted cubic spline (RCS)
strips located at the 4 nodes of the exposure distribution
at the 25, 50, 75, and 95th percentiles, and the median
METS-VF was used as the reference value for odds ratio
(OR)=1. Finally, the predictive effects of METS-VF and
BMI on OA were assessed by receiver operating charac-
teristic (ROC) curve and the area under the curve (AUC).

Results

The characteristics of OA in the study population are
presented in Table 1. Ultimately, totally 7639 participants
were included for final analysis. Overall, there existed
significant differences (p<0.05) in the characteristics of
the study variables, except for total monounsaturated
fatty acids and polyunsaturated fat. The results in Table 1
showed that participants who developed OA tended to
be older, females, non-Hispanic white, consumed alcohol,
high vitamin D, low energy, high serum calcium, had ever
smoked cigarettes, engaged in moderate physical activ-
ity and moderate recreation, and had moderate percent-
age of income from poverty, compared with those who
did not develop OA, received education beyond high
school, had high blood pressure, and no diabetes. To fur-
ther supplement the information in Table 1, the METS-
VF index was categorized by quartiles and all variables
(Supplementary Table 1) were recounted. According to
the results of Supplementary Table 1, with the increas-
ing METS-VE, age, percentage of males, percentage of
education higher than high school, and percentage of
people with diabetes, hypertension, and OA were sig-
nificantly higher. The overall trend and percentage were
consistent with the findings in Table 1. A weighted multi-
variate logistic regression analysis was carried out on the
three models, revealing a positive correlation between
METS-VF and the prevalence of OA relative to the ref-
erence level (Q1). Notably, this positive correlation per-
sisted after adjusting for all covariates (Q2: OR=1.14,
95% CI: 1.02-2.02; Q3: OR=1.93, 95% CI: 1.39-2.69; Q4:
OR=2.33, 95% CI: 1.65-3.28), and became more pro-
nounced with the increase of METS-VF in Table 2 (p for



Xue et al. BMC Public Health (2024) 24:2269

trend<0.01). Meanwhile, the METS-VF index was also
transformed from a categorical variable to a continuous
variable and incorporated into three models for weighted
multivariate logistic regression analysis. The final results
were consistent with those mentioned above. As revealed
by the findings of model 3, the risk of developing OA
increased by 23% for each unit increase in the METS-VF
index (OR=1.23, 95% CI: 1.14-1.33) (p<0.01) (Supple-
mentary Table 2). To further evaluate the robustness of
the association between the METS-VF index and OA,
subgroup analyses were later performed on age, sex, race,
education, household income poverty, smoking, alcohol
consumption, blood pressure, and blood glucose and the

Subgroup

Age 20-39
40-59
60-85

Gender Male
Female

Races

Other Hispanic

Non-Hispanic White
Non-Hispanic Black ~ H——

Mexican American ~F+—8—
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final results are presented in a forest plot (Fig. 2). As a
result, a positive association between METS-VF and the
prevalence of OA persisted across all different population
characteristics (Table 3). Typically, the more significant
population characteristics were 40-59 years (OR=1.24,
95% CI: 1.10-1.39), female (OR=1.26, 95% CI: 1.14—1.40),
Non-Hispanic White (OR=1.21, 95% CIL: 1.10-1.32), and
less than high school (OR=1.32, 95% CI: 1.16—-1.50), high
poverty of family income (OR=1.26, 95% CI:1.11-1.43),
non-smoking (OR=1.23, 95% CI: 1.10-1.38), alcohol
consumption (OR=1.23, 95% CI: 1.12-1.34), non-hyper-
tension (OR=1.24, 95% CI:1.11-1.38) and non-diabetes
(OR=1.24, 95% CI: 1.14-1.34). To elucidate whether

: OR(95%)
—— 1.22 (1.00-1.48)
L 1.24 (1.10-1.39)
| 1.18 (1.05-1.32)
—E— 1.15/(1.02-1.30)
o 1.26 (1.14-1.40)

1.14 (0.89-1.49)
1.19 (1.00-1.42)
1.21(1.16-132)
1.12 (0.94-1.34)

:

Other Race Lg: L i 1.30(0.97-1.76)
Education level Above high school - 1.10 (0.98-1.23)
High school  — 1.24 (1.06-1.47)
Less than high school ~: H— 1.32 (1.16-1.50)
Poverty of family income ~ <1.3 - 1.23 (1.08-1.40)
1.3-3.5 —m— 1.16 (1.03-1.32)
>35 D 1.26 (1.11-1.43)
Smoking Now —— 1.16 (1.00-1.34)
Never . 1.23 (1.10-1.38)
Former i 1.21 (1.06-1.39)
Alcohol intake Yes - 1.23(1.12-1.34)
No —a— 1.16 (1.01-1.33)
Hypertension Yes —a— 1.18 (1.07-1.31)
No o 1.24 (1.11-1.38)
Diabetes Yes ——— 1.11 (0.91-1.35)
No P 1.24 (1.14-1.34)
I 7 1 T 1
0.0 0.5 1.0 1.5 2.0

Odds ratio

Fig. 2 Subgroup analysis of the association between METS-VF and osteoarthritis. All the covariates in Table 1 were adjusted
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Table 3 Subgroup analysis of the relation between the METS-VF index and osteoarthritis

Page 7 of 11

Characteristic

Model 1 OR (95% ClI)

Model 2 OR (95% Cl)

Model 3 OR (95% CI)

Age

20-39

40-59

60—-85

Gender

Male

Female

Races

Mexican American
Other Hispanic
Non-Hispanic White
Non-Hispanic Black
Other Race
Education level
Above high school
High school

Less than high school
Poverty of family income
<13

1.3-35

>35

Smoking

Table 3Continued
Characteristic

Now

Never

Former

Alcohol intake
Yes

No

Hypertension

Yes

No

Diabetes

Yes

No

1.25(1.08-1.46)
1.23(1.12-1.36)
1.15(1.04-1.28)

1.26 (1.17-1.37)
1.46 (1.36-1.59)

1.26 (1.05-1.52)
1.29(1.10-1.52)
1.34 (1.26-1.43)
1.33(1.17-1.50)
167 (1.31-2.12)

1.30 (1.20-1.41)
145 (1.28-1.64)
1.34 (1.22-1.46)

145 (1.32-1.58)
1.35(1.24-1.48)
1.32(1.20-1.44)

Model 1 OR (95% ClI)

1.29 (1.14-1.45)
1.39(1.29-1.51)
1.28 (1.17-141)

1.35(1.27-1.44)
1.33(1.20-1.48)

1.20 (1.10-1.30)
1.29(1.19-1.39)

1.20 (1.03-1.40)
1.33(1.26-141)

1.29 (1.10-1.51) 1.22 (1.00-1.48)
1.27 (1.15-1.40) 1.24(1.10-1.39)
1.16 (1.04-1.28) 1.18 (1.05-1.32)
1.20 (1.09-1.31) 1.15(1.02-1.30)
1.38(1.27-1.50) 1.26 (1.14-1.40)
1.22 (0.96-1.57) 1.14 (0.89-1.49)
1.29 (1.06—-1.55) 1.19(1.00-142)
1.30(1.21-1.39) 1.21(1.10-1.32)
1.24(1.08-1.43) 1.12(0.94-1.34)
1.59(1.25-2.03) 1.30(0.97-1.76)
1.26 (1.15-1.39) 1.10(0.98-1.23)
1.38(1.20-1.59) 1.24 (1.06-147)
1.28 (1.16-141) 1.32(1.16-1.50)
1.38 (1.25-1.53) 1.23 (1.08-1.40)
1.28 (1.16-1.43) 1.16 (1.03-1.32)
1.29 (1.16-1.43) 1.26 (1.11-1.43)

Model 2 OR (95% Cl)

Model 3 OR (95% Cl)

1.25(1.11-1.41) 1.16 (1.00-1.34)
1.34(1.22-1.47) 1.23(1.10-1.38)
1.23(1.10-1.37) 1.21 (1.06-1.39)
1.31(1.22-1.40) 1.23(1.12-1.34)
1.28 (1.23-1.44) 1.16 (1.01-1.33)
1.20 (1.09-1.31) 1.18 (1.07-1.31)
1.26 (1.15-1.38) 1.24(1.11-1.38)
1.18(1.01-1.39) 1.11(0.91-1.35)
1.29(1.21-1.38) 1.24 (1.14-1.34)

Model 1:no covariates were adjusted

Model 2: adjusted for age and gender

Model 3: adjusted for age, gender, race, education level, poverty-to-income ratio, alcohol intake, smoking status, work intensity, recreational intensity, serum
calcium level, vitamin D level, hypertension, diabetes, and coronary heart disease, energy

there existed a nonlinear relationship between METS-
VF and the prevalence of OA, the findings were tested
by RCS. The findings showed that there existed a signifi-
cant nonlinear relationship between METS-VF and OA
(p-non-linear<0.05) (Fig. 3). Ultimately, we utilized the
AUC values of ROC curves and the cut-off to evaluate
the diagnostic potential of METSVFE, BMI and hip cir-
cumference (HC) for OA. As a result, the AUC value of
METS-VF (0.6241) was significantly higher than those of
BMI (0.5874) and HC (0.512), and the corresponding cut-
off values were 9.552, 29.695, and 32.850, respectively,

suggesting that METS-VF might be superior to BMI and
HC in the diagnosis of OA (Fig. 4).

Discussion

By utilizing the large sample size of the NHANES data-
base, this study indicated a nonlinear positive association
between METS-VF and the prevalence of OA. Besides,
our results demonstrated a gradually increasing trend
of the prevalence of OA with the increasing METS-VE
levels, and the relationship persisted after adjusting for
all variables. In addition, compared with BMI and HC,
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Fig. 3 The RCS plot between METS-VF and osteoarthritis. All the covariates in Table 1 were adjusted. The area enclosed by the solid red line and the
transparent purple line represents the estimated ORs and its 95%confidence intervals. (OR, odds ratio)

ROC curve for OA prevalence
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Fig. 4 ROC curve for OA prevalence. Predicting OA using Receiver Operating Characteristic (ROC)curve. Comparison of area under curve (AUC) value
between METS-VF and HC, BMI. The red curve represents the METS-VF, the blue curve represents HC, Green curve represents BMI

METS-VF was more sensitive in predicting the risk of
OA.

OA is a disease characterized by degenerative changes
in the joints, usually resulting in damage to articular
cartilage. With the continuous progress in medical tech-
nology, significant advancement has been made in the
study on the causes and treatments of OA. However, the
prevalence and global health burden of OA continue to
increase year by year [17]. Obesity, which has been a vital
public health challenge worldwide, is recognized to be

a vital risk factor for the development and progression
of OA. Internationally, BMI is commonly adopted as an
indicator for assessing the risk of obesity and OA. How-
ever, an increasing number of researchers have started to
question the accuracy of BMI in assessing the risk of OA
and its limitations in accurately assessing an individual’s
true obesity status [18]. This is because that BMI does
not accurately reflect adipose and muscle tissues, nor
does it accurately reflect the differences in fat distribu-
tion by age and sex [19]. METS-VE, a new indicator for
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evaluating visceral obesity, has been demonstrated to
be potentially superior to BMI in the diagnosis of vari-
ous systemic disorders [8, 20], consistent with the results
in our study (Fig. 3). This is associated with the fact that
METS-VF contains several indicators responsive to the
influences on disease progression, such as age, gender,
blood glucose, and METS-IR. With age, visceral fat usu-
ally accumulates in the waist and abdomen, resulting in
the so-called “central obesity” “Central obesity” often
influences the development of OA due to factors such as
inflammation, oxidative stress, joint loading, and changes
in hormone levels [17]. The high visceral fat levels have
been suggested to lead to an overall decrease in andro-
gen production [21]. While such decrease in the andro-
gen level diminishes the protective effect of articular
cartilage, reduces the attachment of periarticular muscle
strength, and increases the localized joint inflammation
[22]. When men enter the middle age, they are more
probably to develop a higher level of visceral adiposity
than those who are more likely to be obese. Moreover, as
men enter the middle age and beyond, the testosterone
levels decline, leading to more fat deposition in the vis-
ceral fat storage reservoirs, while the subcutaneous fat
decreases significantly after the age of 50 years [23]. This
phenomenon also explains the greater concentration of
age in the mid-50s in the age means of METS-VF after
four classifications and in the subgroup analyses. Accord-
ing to our study, OA patients were more likely to develop
vascular disease and diabetes, and the risk of vascular
disease and diabetes increased progressively with the
increasing METS-VF levels, which may be related to
insulin resistance. In some studies, insulin resistance
has been demonstrated as a major factor influencing the
relationship of diabetes with OA [24]. METS-IR has been
widely used in the assessment of diseases including car-
diovascular disease and diabetes, and exhibits significant
advantages in assessing type 2 diabetes and reflecting the
degree of insulin resistance [25]. The amount of visceral
adiposity is a key factor influencing the changes in insu-
lin sensitivity. Generally, smaller adipocytes are more
sensitive to insulin, whereas larger adipocytes may prob-
ably be insulin-resistant [26]. Visceral fat contains more
large adipocytes with insulin resistance, hyper-lipoly-
sis, and resistance to the anti-lipolytic effects of insulin
[27]. Visceral cells with insulin-resistant properties are
more likely to contribute to the decreased bone density,
lipid metabolic disturbance, and enhanced inflamma-
tion levels, which can hasten the development of OA.
Unfortunately, the statistical results for the hypertensive
and diabetic subgroups differed from the results of pre-
vious studies after considering a wide range of specific
characteristics.

We also observed that some participants with specific
characteristics were more likely to exhibit a correlation
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between METS-V and OA. For instance, the high-inten-
sity recreational and work activities might reduce the
risk of OA, which might be related to weight reduction
due to the high intensity exercises [28]. Body weight loss
is one of the effective ways to lower the risk of METS-
VF on OA. As reported in some studies, weight loss can
help reduce the prevalence of diabetes, OA, and other
diseases. Also, visceral fat is more sensitive to weight
loss, and all forms of exercises have a greater impact on
visceral fat than on subcutaneous fat. In furthermore,
the non-Hispanic white group exhibited a higher risk
of OA compared to the other population. This may be
related to the relatively higher risk of obesity in the non-
Hispanic white group [29], which exacerbates the METS-
VF risk associated with OA. Studies have shown that
non-Hispanic individuals tend to consume more energy
[30], which may contribute to their increased risk of OA.
Based on the above, we suggest that the non-Hispanic
white population should reduce their energy intake, espe-
cially fat intake; meanwhile, the other population should
enhance their health education in order to work together
to prevent the occurrence of OA. In addition, the higher
levels of vitamin D are related to a higher risk of OA [31],
consistent with our findings (Table 1). As pointed out in
previous studies (HuangHanRozi et al., 2024), there is a
curvilinear positive correlation between lipid accumula-
tion products and OA, conforming to our findings. The
difference is that our study included age factors affect-
ing the occurrence of OA, waist-to-height ratio indexes
that reflected obesity, and metabolic scores of insulin
resistance affecting the occurrence of diabetes and other
metabolic diseases, which also provided more accurate
indicators for subsequent in-depth exploration of the
relationship between visceral adiposity and OA.
Although the precise mechanisms linking visceral fat
and the development of OA remain elusive, the recog-
nized mechanisms probably fall into three categories,
namely, mechanical, inflammatory, and metabolic fac-
tors. With the accumulation of visceral fat, the increased
mechanical loading, particularly on weight-bearing
joints, places a greater stress on articular cartilage,
thereby accelerating cartilage wear and degradation,
while stimulating subchondral bone proliferation and
sclerosis [32]. Additionally, the excessive mechanical
loading may lead to an elevation in the levels of inflam-
matory factors IL-1B and TNF-a and the activation of
associated channels [33]. Biomechanics also supports
the above view. Furthermore, studies have indicated that
visceral fat is metabolically active and often impacts the
progression of certain metabolic diseases including type
II diabetes to affect OA. It is attributed to the fact that
the high blood glucose levels accelerate oxidative stress
in chondrocytes and the formation of glycosylation end-
products (AGEs) in the cartilage [34]. Besides, visceral
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fat is more susceptible to infiltration by inflammatory
cells, and has a greater ability to produce proteins such
as TNF-a, CRP, and IL-6 [35, 36]. Finally, reactive adi-
pokines induced by abnormal visceral adiposity can also
affect OA through exacerbating inflammation, affecting
insulin sensitivity, and activating the cartilage degrada-
tion mechanisms [37, 38].

Certain significant strengths and drawbacks should
be noted in this study. Firstly, the NHANES database,
which has an adequate and representative sample size,
was selected in the study, which contributes to the sta-
tistical efficacy and credibility of the results. Secondly,
this is the first cross-sectional study to explore the cor-
relation between visceral fat metabolism and the preva-
lence of OA, providing a foundation for future studies
on visceral fat and OA. Finally, the study also identified a
nonlinear relationship between METS-VF and the risk of
OA, providing additional support for a threshold effect.
Nonetheless, there are still some limitations in this study.
First of all, we were unable to determine the causality or
completely exclude possible bias from confounding fac-
tors owing to the cross-sectional study nature, which is
one of the main drawbacks of the study. Therefore, future
cohort studies are needed to validate the results. Second,
although the study included as many relevant covari-
ates as possible, the effects of other potential covariates
could not be completely excluded. In addition, many
of the key variables including OA were determined by
questionnaires, which might induce recollection bias in
the results. Moreover, imaging materials supporting the
determination of visceral fat and OA are lacking. So, fur-
ther validation of the results using imaging modalities
such as CT and MRI are warranted.

Conclusion

In this study, a possible nonlinear positive relationship
between METS-VF and the risk of OA is detected using
NHANES data. In addition, METS-VF may serve as a
more accurate diagnostic marker of OA and provide a
new avenue for further evaluation of the relationship
between visceral fat and OA.
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