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Abstract: Background: Cardiovascular-kidney-metabolic (CKM) syndrome with high
incidence and mortality rates is a prevalent health issue globally. The Metabolic Score for
Visceral Fat (METS-VF), as a new index for valuating visceral adipose tissue, has been
reported to be closely related to a variety of diseases. However, whether the METS-VF
can be an indicator to predict the risk of CKM syndrome remains unclear. Methods: We
selected National Health and Nutrition Examination Survey (NHANES) database data
from the 2011–2020 year cycles and conducted analyses between the METS-VF and CKM
syndrome utilizing weighted Cox regression models, subgroup and interaction analysis,
and restricted cubic spline (RCS) analysis. We also used receiver operating characteristic
(ROC) curves to analyze and compare the diagnostic predictive ability of the METS-VF,
the BMI, and other indicators assessing adipose tissue, including the VAI, fat mass, and
lean mass, in CKM syndrome. Results: In this study, the average age was 34.40 ± 0.61
years in the non-CKM patients, while the average age was over 40.38 ± 0.62 years in
the CKM patients. Additionally, there was a greater proportion of male patients in the
CKM patients (over 49.04%) in comparison with the non-CKM patients (37.94%). The
average METS-VF was higher in the CKM patients (over 6.63 ± 0.02) compared with the
non-CKM patients (5.62 ± 0.03). We found the METS-VF had a positive correlation with
CKM syndrome and was hardly affected by other confounding factors. The METS-VF was
more closely associated with CKM syndrome in the subgroup of age 20–59 and female
patients. In addition, the METS-VF had better diagnostic ability for CKM syndrome than the
body mass index (BMI) and other indicators. Conclusions: The METS-VF is a potentially
actionable indicator that had a positive correlation with CKM risk. The METS-VF may be
used as a possible reference in the management of CKM syndrome.

Keywords: NHANES; BMI; visceral adiposity; Metabolic Score for Visceral Fat; CKM risk

1. Introduction
In recent years, a new disease syndrome has emerged, including cardiovascular

disease (CVD); chronic kidney disease (CKD); and metabolic diseases such as diabetes
mellitus (DM), obesity, and hypertension. High-salt and -fat diets, low physical activity,
and high blood pressure are lifestyle-related risk factors for these diseases. These diseases
have certain common pathophysiology mechanisms. Therefore, in 2023, the American
Heart Association (AHA) named this syndrome cardiovascular-kidney-metabolic (CKM)
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syndrome [1]. CKM syndrome is a multisystem syndrome that can lead to multiple-organ
dysfunction and frequent cardiovascular events. CKM syndrome has been categorized into
five stages, ranging from no risk factors (stage 0) to severe multisystem dysfunction (stage
4), representing a progression of cardiovascular, kidney, and metabolic risks [2]. Multiple
studies have shown that patients with cardiovascular disease combined with kidney disease
and metabolic diseases such as obesity and diabetes significantly increased their mortality.
The prevalence of these diseases alone is high, and the prevalence of multiple diseases at
the same time is also high [3–7]. Recently, an article on the prevalence of CKM syndrome in
the American population was published in the Circulation journal. That article showed
that CKM syndrome affected more than 25% of the U.S. population [2]. Therefore, this
syndrome, with high incidence and mortality rates globally, is a prevalent health issue, and
the disease burden it brings to the global community is increasing [8]. Thus, it is of great
significance to find effective measures to prevent and treat CKM syndrome.

Fat accumulation is the main pathological mechanism of CKM syndrome [1]. Increas-
ing numbers of studies have shown that metabolic disorders based on visceral adipose
tissue are associated with the risk of cardiometabolic disease [9,10]. Magnetic resonance
imaging (MRI) is the gold standard for visceral adipose tissue, but its application is limited
due to the high operating costs and need for highly trained personnel [11]. The body mass
index (BMI) has been an important indicator for assessing obesity (BMI above 30 kg/m2).
Obesity is a global health problem and defined as the excessive accumulation or abnormal
distribution of body fat [12–14]. Although previous studies have shown that the BMI is an
important indicator for assessing fat, there are still some limitations. For example, the BMI,
which only measures body weight in relation to height, cannot reflect the distribution of
fat in the body and is limited by the inability to identify individuals with high metabolic
risk [15–18]. In recent years, the Metabolic Score for Visceral Fat (METS-VF), as a new
index for valuating visceral adipose tissue, has been reported to be closely related to a
variety of diseases, which better assists the diagnosis and treatment of diseases [19,20].
Unlike traditional adiposity markers, such as MRI and the BMI, the METS-VF incorporates
factors like age, sex, the metabolic score for insulin resistance index (METS-IR), and the
waist-to-height ratio (WHtR), making it more effective at reflecting visceral fat distribution
and predicting associated risks. Recent studies found that the METS-VF had a better ability
to assess visceral adipose and reflected the distribution of fat in human organs and tissues,
which more directly indicated the occurrence of diseases [21–23]. The METS-VF was also
found to be closely associated with renal and cardiac diseases in many studies [24,25].
However, the correlation between the METS-VF and CKM syndrome has not been studied.

Therefore, we propose a hypothesis: the METS-VF may have a positive correlation
with CKM risk. The objective of this study was to investigate whether the METS-VF is
significantly correlated with CKM syndrome and whether it can serve as a potentially
actionable indicator for the early diagnosis and effective management of CKM. We selected
National Health and Nutrition Examination Survey (NHANES) database data to conduct
our study. The NHANES database is an important epidemiological survey focused on
gathering information from a representative sample of participants. It collects data on
health and nutrition. The information enables analysis of diet, chronic disease prevalence,
lifestyle, and environmental factors among Americans.

2. Materials and Methods
2.1. Research Design and Population Selection

We conducted a cross-sectional study by selecting NHANES database data from the
2011–2020 year cycles; filtering individuals aged ≥20 years old; and removing pregnant
individuals, as well as individuals with missing METS-VF and CKM data, as well as other
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covariates. The total number of individuals was 54,716, and after removing the individuals
aged <20 years old (n = 22,867) and pregnant individuals (n = 336), 31,513 individuals
remained. After removing the individuals with missing data on the METS-VF (n = 1672)
and CKM syndrome (n = 17,035) as well as other covariates (n = 2388), 10,418 individuals
remained (Figure 1).
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2.2. Observed Variable
2.2.1. Definition of the METS-VF Index and CKM Syndrome

The METS-VF was used to assess the distribution of visceral fat. The higher the METS-
VF, the higher the fat content of the organ or tissue. The METS-VF combined several factors,
including the metabolic score for insulin resistance index (METS-IR), the waist-to-height
ratio (WHtR), sex, and age.

CKM syndrome was divided into 5 stages: 0 (no associated risk factors); 1 (obesity);
2 (diabetes mellitus or hypertension or chronic kidney disease with medium–high risk);
3 (very high risk of chronic kidney disease or predicted risk of CVD within 10 years);
and 4 (suffering from CVD). Staging was based on BMI, waist circumference (WC), DM,
CKD, and CVD [2]. All variables, including anthropometric and metabolic data, were
obtained from the NHANES database from 2011 to 2020 through interviews, clinical
measurements, and laboratory testing. The detailed protocol of the data collection is
described at http://www.cdc.gov/nchs/nhanes (accessed on 20 October 2024).

The definition of the METS-VF, METS-IR, and WHtR were determined by the
following formula:

METS-VF = 4.466 + 0.011 [(Ln (METS-IR))3] + 3.239 [(Ln (WHtR))3] + 0.319 (Sex) + 0.594 (Ln (Age))

METS-IR = Ln [(2 × fasting glucose) + fasting triglycerides × BMI]/[Ln (high-density lipoprotein cholesterol)]

WHtR = waist/height

http://www.cdc.gov/nchs/nhanes
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2.2.2. Covariate Selection

All covariates were also obtained from the NHANES database from 2011 to 2020. A
number of demographic factors were selected in this study, such as age, sex, and race,
as well as smoking status, including never smoked, former smoker, or current smoker.
Alcohol consumption was also included, assessing both non-drinkers and severity of
drinking. Additionally, body measurements were gathered, focusing on the BMI, fat
mass, lean mass, the visceral adiposity index (VAI), and systolic blood pressure (SBP).
Laboratory tests were gathered including fasting glucose, fasting triglycerides, and high-
density lipoprotein cholesterol. Comorbidities included hypertension, indicated by blood
pressure readings over 140/90 mmHg, and diabetes, defined by HbA1c of 6.5% or higher
or fasting blood glucose of 7.0 mmol/l or more. Diabetes may also have been indicated by
the use of diabetes medications or insulin. CKD was classified into five stages with eGFR
according to the KDIGO guidelines [26]. Additionally, cardiovascular diseases included
heart attack, stroke, coronary heart disease, and congestive heart failure.

The definition of the BMI and VAI were determined by the following formula:

BMI = weight (kg)/height2 (m2)

VAI (male) = (WC/(39.68 + 1.88 × BMI)) × (TG/1.03) × (1.31/HDL); VAI (female) = (WC/(36.58 + 1.89 × BMI)) × (TG/0.81) × (1.52/HDL)

2.3. Statistical Analysis

The NHANES database was utilized to represent the population with weighting,
employing various statistical analysis. Means ± standard error (SE) were used to represent
numerical quantitative variables, while percentages (%) were used to represent charac-
ter qualitative variables. Specific analysis methods included, for comparisons in groups,
weighted t-tests, one-way analysis of variance, and chi-squared tests. Bonferroni’s correc-
tion was conducted for multiple comparisons to reduce the likelihood of false positives. To
identify the correlation between the METS-VF and CKM syndrome across different models,
multivariable Cox regression analysis, collinearity diagnostics analysis, and restricted cubic
spline (RCS) regression were performed. To clarify the diagnostic performance of the
METS-VF, receiver operating characteristic (ROC) curves were used.

p < 0.05 represented a statistically significant difference. R 4.4.2 software was used to
process the data and perform various analyses.

3. Results
3.1. Characteristics of the Baseline Population

As shown in Table 1, with the increase in the CKM stage, the age increased gradually.
The average age was 34.40 ± 0.61 years in the CKM 0 patients, while the average age
was over 40.38 ± 0.62 years in the CKM 1–4 patients. Additionally, there was a greater
proportion of male patients in the CKM 1–4 patients (over 49.04%) in comparison with
the CKM 0 patients (37.94%). In the CKM patients, the majority of the affected races
were Non-Hispanic White, accounting for more than 63.44%. Most patients had alcohol
consumption in the CKM group (over 64.59%). The CKM 1–4 patients had average BMIs of
over 28.30 ± 0.17, which was higher than the CKM 0 patients (21.71 ± 0.10). The average
fat mass was higher in the CKM 1–4 patients (over 28.30 ± 0.17) compared with the CKM
0 patients (17.42 ± 0.25); however, the opposite result existed for lean mass—the average
VAI was higher in the CKM 1–4 patients (over 1.01 ± 0.02) compared with the CKM 0
patients (0.77 ± 0.02), and the average METS-VF was higher in the CKM 1–4 patients (over
6.63 ± 0.02) compared with the CKM 0 patients (5.62 ± 0.03). All the differences mentioned
above are statistically significant (p < 0.0001).
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Table 1. Weighted characteristics of the baseline population.

Characteristics
CKM 0 CKM 1 CKM 2 CKM 3 CKM 4 p-Value

(n = 838) (n = 2138) (n = 5797) (n = 538) (n = 1107)

Age 34.40 (0.61) 40.38 (0.62) 48.73 (0.34) 74.93 (0.46) 64.52 (0.56) <0.0001

Sex <0.0001
Female 62.06 (2.22) 50.96 (1.60) 48.12 (0.86) 36.99 (3.12) 42.81 (2.28)
Male 37.94 (2.22) 49.04 (1.60) 51.88 (0.86) 63.01 (3.12) 57.19 (2.28)

Race <0.0001
Mexican

American 4.72 (0.74) 10.72 (1.40) 9.35 (0.80) 4.78 (0.90) 3.99 (0.69)

Non-Hispanic
Black 7.11 (0.80) 9.46 (0.86) 10.50 (0.94) 12.15 (1.55) 10.53 (1.08)

Non-Hispanic
White 73.62 (2.03) 63.44 (2.04) 65.87 (1.58) 68.93 (2.79) 74.05 (1.94)

Other
Hispanic 5.87 (1.13) 7.48 (0.74) 5.92 (0.61) 6.42 (1.24) 4.10 (0.65)

Other Race 8.69 (1.07) 8.90 (0.85) 8.37 (0.50) 7.72 (1.35) 7.32 (1.17)

Drinking <0.0001
Never 9.57 (1.50) 8.48 (0.97) 9.65 (0.58) 17.62 (2.39) 11.18 (1.13)

Former 4.12 (0.91) 5.17 (0.53) 9.00 (0.62) 17.78 (2.30) 20.42 (1.83)
Now 86.32 (1.85) 86.35 (1.20) 81.35 (0.88) 64.59 (2.81) 68.40 (1.99)

Smoking <0.0001
Never 68.68 (2.17) 60.21 (1.43) 55.30 (1.02) 45.29 (3.37) 38.49 (2.11)

Former 15.08 (1.66) 24.20 (1.61) 25.49 (0.92) 39.46 (3.60) 39.15 (2.16)
Now 16.24 (1.49) 15.59 (1.22) 19.20 (0.78) 15.26 (1.94) 22.36 (2.33)

SBP 108.12 (0.42) 112.25 (0.29) 125.53 (0.28) 144.39 (1.52) 128.62 (0.78) <0.0001

Hypertension <0.0001
No 100.00 (0.00) 100.00 (0.00) 46.23 (1.00) 19.70 (2.55) 27.66 (2.12)
Yes 0.00 (0.00) 0.00 (0.00) 53.77 (1.00) 80.30 (2.55) 72.34 (2.12)

BMI 21.71 (0.10) 28.30 (0.17) 30.79 (0.17) 28.96 (0.30) 30.74 (0.33) 0.0001

Fat mass 17.42 (0.25) 27.91 (0.32) 32.46 (0.29) 29.41 (0.56) 32.42 (0.56) < 0.0001

Lean mass 43.15 (0.39) 51.33 (0.32) 54.25 (0.26) 50.20 (0.68) 52.81 (0.60) <0.0001

VAI 0.77 (0.02) 1.01 (0.02) 2.35 (0.05) 2.33 (0.26) 2.26 (0.10) <0.0001

METS-VF 5.62 (0.03) 6.63 (0.02) 7.01 (0.01) 7.41 (0.02) 7.31 (0.03) <0.0001
Note: Means ± standard error (SE) are used to represent numerical quantitative variables and percentages are
used to represent character qualitative variables.

3.2. The Correlation Between the METS-VF and CKM Syndrome

To investigate whether the METS-VF correlates with CKM syndrome, we obtained
follow-up data from the NHANES database and conducted a weighted Cox regression
analysis. The analysis, as shown in Table 2, revealed significant correlations between the
METS-VF and CKM syndrome. Specifically, we found that the METS-VF had a positive
correlation with CKM syndrome across three models—model 1 (HR = 1.377; 95% CI 1.310,
1.448; p < 0.0001), model 2 (HR = 1.363; 95% CI 1.266, 1.468; p < 0.0001), and model 3
(HR = 1.665; 95% CI 1.457, 1.903; p < 0.0001)—with increasing METS-VFs corresponding
to higher incidences of CKM syndrome. In the tertile comparisons shown in model 1,
the highest METS-VF values (Tertile 3) showed the highest CKM syndrome incidence
(HR = 1.477; 95% CI 1.373, 1.589; p < 0.0001), while the lower the METS-VF value (Tertile 2),
the lower the incidence of CKM syndrome (HR = 1.438; 95% CI 1.318, 1.570; p < 0.0001). In
the tertile comparisons shown in model 2, the highest METS-VF values (Tertile 3) showed
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the highest CKM syndrome incidences (HR =1.359; 95% CI 1.228, 1.503; p < 0.0001), while
the lower the METS-VF value (Tertile 2), the lower the incidence of CKM syndrome (HR
= 1.340; 95% CI 1.186, 1.514; p < 0.0001). In the tertile comparisons shown in model 3, the
higher METS-VF values (Tertile 2) showed higher CKM syndrome incidence (HR = 1.153;
95% CI 1.031, 1.289; p < 0.009), but no significant correlation (p = 0.967) was seen in Tertile 3.

Table 2. Correlation analysis between METS-VF and CKM syndrome.

Model 1 Model 2 Model 3

HR (95%CI) p-Value HR (95%CI) p-Value HR (95%CI) p-Value

METS-VF

METS-VF as
continuous

variable

1.377 (1.310,
1.448) <0.0001 1.363 (1.266,

1.468) <0.0001 1.665 (1.457,
1.903) <0.0001

Tertile 1 Reference Reference Reference

Tertile 2 1.438 (1.318,
1.570) <0.0001 1.340 (1.186,

1.514) <0.0001 1.153 (1.031,
1.289) 0.009

Tertile 3 1.477 (1.373,
1.589) <0.0001 1.359 (1.228,

1.503) <0.0001 1.004 (0.847,
1.189) 0.967

p for trend <0.0001 <0.0001 0.943
Note: This describes the transformation of continuous variables into categorical ones through tertiles and details
three models for adjustment: unadjusted for Model 1; adjusted for age, sex, and race for Model 2; and further
adjusted for smoking, drinking, and systolic blood pressure for Model 3.

3.3. Collinearity Diagnostics Analysis

To assess the robustness of the METS-VF as a standalone marker, we conducted
collinearity diagnostics analysis. As shown in Table 3, the results showed that the variance
inflation factor (VIF) values were all less than 2, which indicated that there was no mul-
ticollinearity for the indicators including BMI, VAI, fat mass, and lean mass. The results
suggest that the METS-VF is an independent indicator.

Table 3. Collinearity diagnostics analysis.

Covariates VIF Tolerance

BMI 1.92 0.52
VAI 1.43 0.70

Fat mass 1.07 0.93
Lean mass 1.10 0.91

3.4. Subgroup and Interaction Analysis

To further study the relationship between the METS-VF and CKM syndrome in dif-
ferent subgroups of the population, Table 4 shows that when the METS-VF was divided
into three intervals according to numerical value, specifically, Tertile 3 was in the highest
METS-VF category. The METS-VF was most closely associated with CKM syndrome in the
subgroup of age 20–59. The METS-VF was more positively associated with CKM syndrome
in female patients. The correlation between the METS-VF and CKM syndrome also varied
among different ethnic groups. There was a more significant positive correlation between
the METS-VF and CKM syndrome in the drinking population. Interaction analysis showed
no significant correlation between the METS-VF and other factors, indicating that the
METS-VF is an independent factor to predict CKM syndrome. We used a forest plot to
analyze the subgroup analysis between the continuous variables for the METS-VF and
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CKM syndrome and found that the METS-VF was most closely associated with CKM
syndrome in the subgroups of age 20–59, female, and other-race patients. (Figure 2).

Table 4. Subgroup and interaction analysis of METS-VF and CKM syndrome.

Character Q1 Q2 Q3 p for Trend p for
Interaction

Age 0.076
20–39 1 1.630 (1.410, 1.885) 1.478 (1.198, 1.825) <0.0001
40–59 1 1.262 (1.105, 1.440) 1.271 (1.109, 1.457) 0.001
≥60 1 1.158 (0.850, 1.578) 1.248 (0.966, 1.612) 0.037

Sex 0.07
Male 1 1.322 (1.179, 1.483) 1.403 (1.277, 1.542) <0.0001

Female 1 1.550 (1.400, 1.717) 1.543 (1.373, 1.735) <0.0001

Race 0.261
Mexican

American 1 1.330 (1.079, 1.640) 1.520 (1.222, 1.891) <0.001

Non-Hispanic
Black 1 1.214 (1.069, 1.378) 1.209 (1.086, 1.346) <0.001

Non-Hispanic
White 1 1.466 (1.307, 1.644) 1.540 (1.403, 1.690) <0.0001

Other Hispanic 1 1.515 (1.222, 1.879) 1.547 (1.183, 2.022) 0.001
Other Race 1 1.689 (1.389, 2.055) 1.401 (0.967, 2.029) 0.016

Drinking 0.484
Never 1 1.301 (0.977, 1.733) 1.261 (0.973, 1.636) 0.095

Former 1 1.589 (1.263, 1.998) 1.769 (1.519,2.061) <0.0001
Now 1 1.452 (1.309, 1.611) 1.521 (1.382, 1.674) <0.0001

Smoking 0.449
Never 1 1.493 (1.332, 1.673) 1.500 (1.362, 1.652) <0.0001

Former 1 1.277 (1.084, 1.503) 1.375 (1.183, 1.600) <0.0001
Now 1 1.402 (1.193, 1.647) 1.348 (1.120, 1.623) <0.001

Note: This uses tertiles to categorize continuous variables.
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3.5. RCS Analysis

To further visually observe the impact of the METS-VF on the development of CKM
syndrome, we conducted restricted cubic spline regression analysis and found that when
the METS-VF was <7.023, as the METS-VF increased, the risk of suffering CKM syndrome
increased at a slower rate. When the METS-VF was >7.023, as the METS-VF increased, the
risk of suffering CKM syndrome increased at an accelerated rate, which indicated that there
was a non-linear relationship between the METS-VF and CKM syndrome (Figure 3).
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3.6. ROC Analysis

Next, ROC analysis was conducted on the METS-VF, the BMI, and other indicators
related to the assessment of adipose tissue to detect their diagnostic predictive significance
in CKM syndrome. The findings showed that the METS-VF and BMI had high AUC values
for CKM syndrome and had good predictive power. The predictive ability of the METS-
VF (AUC: 0.9393) for CKM syndrome was better than the BMI (AUC: 0.9203) and other
indicators assessing adipose tissue, including the VAI, fat mass, and lean mass (Figure 4).
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4. Discussion
In this large-data study, we showed that the METS-VF is positively associated with

CKM risk. Firstly, we found that compared with non-CKM patients, CKM patients had
increased METS-VF levels. Then, through different weighted regression model analyses,
RCS, ROC, and subgroup and interaction analysis, we found that the METS-VF had a
positive correlation with CKM syndrome and was hardly affected by other confounding
factors; the METS-VF had better diagnostic ability for CKM syndrome than the BMI and
other indicators assessing adipose tissue, including the VAI, fat mass, and lean mass.

In the process of clinical diagnosis and treatment, we have often observed that a
patient suffers from a variety of diseases at the same time: the more common are car-
diovascular, kidney, and metabolic diseases; these three diseases often affect each other;
and the morbidity and mortality of these diseases are very high, which brings a heavy
burden to the public health system [1,27]. Therefore, the emergence of CKM syndrome
has provided more comprehensive diagnosis and treatment for these patients. In recent
years, clinical and basic research has led to a growing understanding of the complex in-
teractions between metabolic factors, CKD, and CVD [28–31]. Excessive accumulation
or loss of function of fat is the most common pathophysiological mechanism of CKM
syndrome. Adipose tissue can be distributed in various parts of the human body, including
subcutaneous tissue and internal organs, etc. When there is too much adipose tissue in
the internal organs, hypertrophic adipocytes and tissue-resident immune cells experience
phenotype changes that produce a series of pro-inflammatory and pro-oxidative cytokines
and chemokines, both locally and systemically, to induce peripheral insulin resistance,
which can damage the blood vessels, kidneys, and heart and eventually cause damage to
multiple organs [32–34]. Additionally, recent studies have shown that ectopic fat, such as
hepatic and pericardial fat, is also associated with cardiometabolic disease [35,36]. These
findings suggest that there is a link between visceral fat, ectopic fat, and CKM risk. The
METS-VF has been a metabolic indicator of visceral fat accumulation and also associated
with ectopic fat [35,37,38]. Therefore, the METS-VF is a potentially predictable indicator of
CKM risk. In addition, previous research has indicated that the METS-VF is closely related
to cardiac or metabolic disease [24,25,39–41]. The METS-VF has been associated with an
increased risk of CVD and could be used as a predictive index of the risk of CVD [24,40,41].
The METS-VF may be an indicator for predicting CKD risk [25]. The METS-VF could also
assess cardiometabolic risk [20]. On the basis of the above research, our study found that
there was a positive relationship between the METS-VF and CKM risk. Since our study
was a cross-sectional study, prospective clinical studies are needed in the future.

The METS-VF reflects the amount and distribution of fat, while the BMI, which
represents body weight, does not directly reflect the distribution of fat. The BMI is often
used to assess weight and is widely used as a simple and easily accessible indicator.
Precisely because it is too simple, it has many limitations in its specific application, as
it does not reflect overall health status [35,42,43]. Therefore, from this point of view, the
METS-VF is a better predictor of CKM syndrome than the BMI. In our study, we also found
that the ability of the METS-VF to predict CKM risk was stronger than that of the BMI,
which is consistent with previous studies. In one study, the METS-VF was similarly found
to be superior to indicators such as the BMI in predicting CKD risk [25]. In another study,
to predict the risk of hypertension, researchers compared the METS-VF to other predictors
of fat and found that the METS-VF was superior to the BMI [44]. In the assessment of
some cardiovascular or metabolic diseases caused by fat accumulation, many studies have
considered the METS-VF to be superior to the BMI [14,45]. Other composite indicators
commonly used to assess visceral fat in most studies are the VAI, the WHtR, etc. The
METS-VF significantly identifies diabetes compared to other visceral fat indices, such as the
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VAI and WHtR [45,46]. Similar results were seen in CKD [25]. MRI can accurately assess
visceral fat, but its use is limited by its high cost, time consumption, and limited availability.
One study has shown that the METS-VF showed better performance compared to MRI [20].
More research is needed to further prove this, but it still hints that the METS-VF is a very
valuable indicator. The METS-VF, as a comprehensive indicator of multiple parameters (sex,
age, blood glucose, lipoprotein, and WHtR), has been applied to various diseases [21,47,48].
Consistently with the above research, our study found that the METS-VF had a better
predictive ability for the diagnosis of CKM syndrome than the VAI, fat mass, and lean mass.
Based on these, we believe that the METS-VF is a credible index that is related to CKM
syndrome.

There have been some studies on the threshold of the METS-VF in cardiac or metabolic
disease. In one study, the optimal cut-off value of the METS-VF associated with CVD
incidence was ≥6.80 [49]. In another study, stroke risk showed a sharp rise when the
METS-VF exceeded 7.00 [50]. In our study, we found that when the METS-VF was >7.023,
the correlation between the METS-VF and CKM syndrome was stronger, which suggests
that when the METS-VF is >7.023, the risk of CKM syndrome is greater. Our results are
basically consistent with previous studies. In our study, subgroup analysis showed that the
METS-VF was most closely associated with CKM syndrome in the subgroup of age 20–59,
female, and other-race patients. This result is consistent with the results of several recent
studies on cardiac and metabolic diseases [40,46,51]. This may be related to the fact that
older people are less overnourished and men have less fat than women.

This study utilized the NHANES database, which was a study with large and long-
term follow-up data along with good reliability. Our study also weighted the data to better
represent the overall population and had good representativeness. We also controlled
multiple confounding factors and used multiple analytical methods to ensure credible
results. However, this study also acknowledges certain limitations. It did not include
all confounding variables. Some major variables were mainly analyzed in our study, so
more covariates, such as lifestyle factors, need to be included in future studies. In addition,
the investigated data of this study were from the USA. Therefore, the sample size of
future studies can also be extended to other countries and different populations. More
future research is needed to compare the METS-VF to various current models predicting
cardiometabolic risk by calibration and reclassification analyses. Large clinical prospective
studies are also necessary.

5. Conclusions
The METS-VF is a potentially actionable indicator that had a positive correlation with

CKM risk. The METS-VF may be used as possible reference in the management of CKM
syndrome, but more future prospective clinical studies with robust designs are still needed.

Author Contributions: Conceptualization, Y.L.; methodology, X.F.; software, J.L. and X.F; writing—
original draft preparation, X.F.; writing—review and editing, J.L., X.Y. and Q.L.; supervision, Y.L.;
project administration, J.L.; funding acquisition, Y.L. All authors have read and agreed to the pub-
lished version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China (82170707).

Institutional Review Board Statement: Our study utilizes the NHANES public database and does
not require ethics committee approval.

Informed Consent Statement: Informed consent was waived due to all results in our study being
based on publicly available summary data (NHANES database).



Healthcare 2025, 13, 694 11 of 13

Data Availability Statement: Publicly available datasets were analyzed in this study. These data can
be found at http://www.cdc.gov/nchs/nhanes (accessed on 20 October 2024).

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
The following abbreviations are used in this manuscript:

CKM Cardiovascular-kidney-metabolic syndrome
METS-VF Metabolic Score for Visceral Fat
NHANES National Health and Nutrition Examination Survey
RCS Restricted cubic spline
ROC Receiver operating characteristic
CVD Cardiovascular disease
CKD Chronic kidney disease
DM Diabetes mellitus
BMI Body mass index
VAI Visceral adiposity index
HR Hazard ratio
95% CI 95% confidence interval
VIF Variance inflation factor

References
1. Ndumele, C.E.; Rangaswami, J.; Chow, S.L.; Neeland, I.J.; Tuttle, K.R.; Khan, S.S.; Coresh, J.; Mathew, R.O.; Baker-Smith, C.M.;

Carnethon, M.R. Cardiovascular-Kidney-Metabolic Health: A Presidential Advisory From the American Heart Association.
Circulation 2023, 148, 1606–1635.

2. Aggarwal, R.; Ostrominski, J.W.; Vaduganathan, M. Prevalence of Cardiovascular-Kidney-Metabolic Syndrome Stages in US
Adults, 2011–2020. JAMA 2024, 331, 1858–1860.

3. Mehta, R.; Buzkova, P.; Patel, H.; Cheng, J.; Kizer, J.R.; Gottdiener, J.S.; Psaty, B.; Khan, S.S.; Ix, J.H.; Isakova, T.; et al. Cardiac
Mechanics and Kidney Function Decline in the Cardiovascular Health Study. Kidney360 2023, 4, 622–630.

4. Zannad, F.; Rossignol, P. Cardiorenal Syndrome Revisited. Circulation 2018, 138, 929–944.
5. Patel, K.P.; Katsurada, K.; Zheng, H. Cardiorenal Syndrome: The Role of Neural Connections Between the Heart and the Kidneys.

Circ. Res. 2022, 130, 1601–1617. [CrossRef]
6. Kjaergaard, A.D.; Teumer, A.; Witte, D.R.; Stanzick, K.J.; Winkler, T.W.; Burgess, S.; Ellervik, C. Obesity and Kidney Function: A

Two-Sample Mendelian Randomization Study. Clin. Chem. 2022, 68, 461–472.
7. García-Carrasco, A.; Izquierdo-Lahuerta, A.; Medina-Gómez, G. The Kidney-Heart Connection in Obesity. Nephron 2021, 145,

604–608.
8. Ostrominski, J.W.; Arnold, S.V.; Butler, J.; Fonarow, G.C.; Hirsch, J.S.; Palli, S.R.; Donato, B.M.K.; Parrinello, C.M.; O’Connell, T.;

Collins, E.B.; et al. Prevalence and Overlap of Cardiac, Renal, and Metabolic Conditions in US Adults, 1999–2020. JAMA Cardiol.
2023, 8, 1050–1060.

9. Huang, Y.; Liu, Y.; Ma, Y.; Tu, T.; Liu, N.; Bai, F.; Xiao, Y.; Liu, C.; Hu, Z.; Lin, Q.; et al. Associations of Visceral Adipose Tissue,
Circulating Protein Biomarkers, and Risk of Cardiovascular Diseases: A Mendelian Randomization Analysis. Front. Cell. Dev.
Biol. 2022, 10, 840866.

10. Chen, Q.; Wu, Y.; Gao, Y.; Zhang, Z.; Shi, T.; Yan, B. Effect of visceral adipose tissue mass on coronary artery disease and heart
failure: A Mendelian randomization study. Int. J. Obes. 2022, 46, 2102–2106. [CrossRef]

11. Dalah, E.; Hasan, H.; Madkour, M.; Obaideen, A.; Faris, M.A. Assessing visceral and subcutaneous adiposity using segmented
T2-MRI and multi-frequency segmental bioelectrical impedance: A sex-based comparative study. Acta Biomed. 2021, 92, e2021078.

12. Mayoral, L.P.; Andrade, G.M.; Mayoral, E.P.; Huerta, T.H.; Canseco, S.P.; Rodal Canales, F.J.; Cabrera-Fuentes, H.A.; Cruz, M.M.;
Pérez Santiago, A.D.; Alpuche, J.J.; et al. Obesity subtypes, related biomarkers & heterogeneity. Indian J. Med. Res. 2020, 151,
11–21.

13. Perdomo, C.M.; Cohen, R.V.; Sumithran, P.; Clément, K.; Frühbeck, G. Contemporary medical, device, and surgical therapies for
obesity in adults. Lancet 2023, 401, 1116–1130.

14. Caballero, B. Humans against Obesity: Who Will Win? Adv. Nutr. 2019, 10, S4–S9.
15. Gutin, I. Body mass index is just a number: Conflating riskiness and unhealthiness in discourse on body size. Sociol. Health. Illn.

2021, 43, 1437–1453.

http://www.cdc.gov/nchs/nhanes
https://doi.org/10.1161/CIRCRESAHA.122.319989
https://doi.org/10.1038/s41366-022-01216-x


Healthcare 2025, 13, 694 12 of 13

16. Godziuk, K.; Hawker, G.A. Obesity and body mass index: Past and future considerations in osteoarthritis research. Osteoarthritis.
Cartil. 2024, 32, 452–459.

17. Dierkes, J.; Dahl, H.; Lervaag Welland, N.; Sandnes, K.; Sæle, K.; Sekse, I.; Marti, H.P. High rates of central obesity and sarcopenia
in CKD irrespective of renal replacement therapy—An observational cross-sectional study. BMC Nephrol. 2018, 19, 259.

18. Lin, T.Y.; Lim, P.S.; Hung, S.C. Impact of Misclassification of Obesity by Body Mass Index on Mortality in Patients With CKD.
Kidney Int. Rep. 2018, 3, 447–455. [PubMed]

19. Ogden, C.L.; Carroll, M.D.; Fakhouri, T.H.; Hales, C.M.; Fryar, C.D.; Li, X.; Freedman, D.S. Prevalence of Obesity Among Youths
by Household Income and Education Level of Head of Household—United States 2011-2014. MMWR. Morb. Mortal. Wkly. Rep.
2018, 67, 186–189. [CrossRef]

20. Bello-Chavolla, O.Y.; Antonio-Villa, N.E.; Vargas-Vázquez, A.; Viveros-Ruiz, T.L.; Almeda-Valdes, P.; Gomez-Velasco, D.; Mehta,
R.; Elias-López, D.; Cruz-Bautista, I.; Roldán-Valadez, E.; et al. Metabolic Score for Visceral Fat (METS-VF), a novel estimator of
intra-abdominal fat content and cardio-metabolic health. Clin. Nutr. 2020, 39, 1613–1621.

21. Kapoor, N.; Jiwanmall, S.A.; Nandyal, M.B.; Kattula, D.; Paravathareddy, S.; Paul, T.V.; Furler, J.; Oldenburg, B.; Thomas, N.
Metabolic Score for Visceral Fat (METS-VF) Estimation—A Novel Cost-Effective Obesity Indicator for Visceral Adipose Tissue
Estimation. Diabetes. Metab. Syndr. Obes. 2020, 13, 3261–3267. [PubMed]

22. Feng, Y.; Yang, X.; Li, Y.; Wu, Y.; Han, M.; Qie, R.; Huang, S.; Wu, X.; Zhang, Y.; Zhang, J.; et al. Metabolic Score for Visceral Fat: A
novel predictor for the risk of type 2 diabetes mellitus. Br. J. Nutr. 2022, 128, 1029–1036. [PubMed]

23. Liu, H.; Dong, H.; Zhou, Y.; Jin, M.; Hao, H.; Yuan, Y.; Jia, H. The association between Metabolic Score for Visceral Fat and
depression in overweight or obese individuals: Evidence from NHANES. Front. Endocrinol. 2024, 15, 1482003.

24. Zhu, Y.; Zou, H.; Guo, Y.; Luo, P.; Meng, X.; Li, D.; Xiang, Y.; Mao, B.; Pan, L.; Kan, R.; et al. Associations between metabolic score
for visceral fat and the risk of cardiovascular disease and all-cause mortality among populations with different glucose tolerance
statuses. Diabetes. Res. Clin. Pract. 2023, 203, 110842.

25. Feng, L.; Chen, T.; Wang, X.; Xiong, C.; Chen, J.; Wu, S.; Ning, J.; Zou, H. Metabolism Score for Visceral Fat (METS-VF): A New
Predictive Surrogate for CKD Risk. Diabetes. Metab. Syndr. Obes. 2022, 15, 2249–2258.

26. KDIGO 2021 Clinical Practice Guideline for the Management of Glomerular Diseases. Kidney Int. 2021, 100, S1–S276.
27. Sebastian, S.A.; Padda, I.; Johal, G. Cardiovascular-Kidney-Metabolic (CKM) syndrome: A state-of-the-art review. Curr. Probl.

Cardiol. 2024, 49, 102344.
28. Borghi, C.; Agabiti-Rosei, E.; Johnson, R.J.; Kielstein, J.T.; Lurbe, E.; Mancia, G.; Redon, J.; Stack, A.G.; Tsioufis, K.P. Hyperuri-

caemia and gout in cardiovascular, metabolic and kidney disease. Eur. J. Intern. Med. 2020, 80, 1–11.
29. Tain, Y.L.; Hsu, C.N. The Renin-Angiotensin System and Cardiovascular-Kidney-Metabolic Syndrome: Focus on Early-Life

Programming. Int. J. Mol. Sci. 2024, 25, 3298. [CrossRef]
30. Tain, Y.L.; Hsu, C.N. Maternal Polyphenols and Offspring Cardiovascular-Kidney-Metabolic Health. Nutrients 2024, 16, 3168.

[CrossRef]
31. de Oliveira, A.A.; Vergara, A.; Wang, X.; Vederas, J.C.; Oudit, G.Y. Apelin pathway in cardiovascular, kidney, and metabolic

diseases: Therapeutic role of apelin analogs and apelin receptor agonists. Peptides 2022, 147, 170697. [CrossRef] [PubMed]
32. Nosalski, R.; Guzik, T.J. Perivascular adipose tissue inflammation in vascular disease. Br. J. Pharmacol. 2017, 174, 3496–3513.

[CrossRef] [PubMed]
33. Rana, M.N.; Neeland, I.J. Adipose Tissue Inflammation and Cardiovascular Disease: An Update. Curr. Diab. Rep. 2022, 22, 27–37.

[CrossRef] [PubMed]
34. Kawai, T.; Autieri, M.V.; Scalia, R. Adipose tissue inflammation and metabolic dysfunction in obesity. Am. J. Physiol. Cell. Physiol.

2021, 320, C375–C391. [CrossRef]
35. Neeland, I.J.; Ross, R.; Després, J.P.; Matsuzawa, Y.; Yamashita, S.; Shai, I.; Seidell, J.; Magni, P.; Santos, R.D.; Arsenault, B.; et al.

Visceral and ectopic fat, atherosclerosis, and cardiometabolic disease: A position statement. Lancet. Diabetes. Endocrinol. 2019, 7,
715–725. [CrossRef]

36. Rosito, G.A.; Massaro, J.M.; Hoffmann, U.; Ruberg, F.L.; Mahabadi, A.A.; Vasan, R.S.; O’Donnell, C.J.; Fox, C.S. Pericardial
fat, visceral abdominal fat, cardiovascular disease risk factors, and vascular calcification in a community-based sample: The
Framingham Heart Study. Circulation 2008, 117, 605–613. [CrossRef]

37. Soltanieh, S.; Salavatizadeh, M.; Poustchi, H.; Yari, Z.; Mansour, A.; Khamseh, M.E.; Malek, M.; Alaei-Shahmiri, F.; Hekmatdoost,
A. The association of dietary inflammatory index (DII) and central obesity with non-alcoholic fatty liver disease (NAFLD) in
people with diabetes (T2DM). Heliyon 2023, 9, e13983. [CrossRef]

38. Kuang, M.; Qiu, J.; Li, D.; Hu, C.; Zhang, S.; Sheng, G.; Zou, Y. The newly proposed Metabolic Score for Visceral Fat is a reliable
tool for identifying non-alcoholic fatty liver disease, requiring attention to age-specific effects in both sexes. Front. Endocrinol.
2023, 14, 1281524. [CrossRef]

https://www.ncbi.nlm.nih.gov/pubmed/29725649
https://doi.org/10.15585/mmwr.mm6706a3
https://www.ncbi.nlm.nih.gov/pubmed/32982356
https://www.ncbi.nlm.nih.gov/pubmed/34632975
https://doi.org/10.3390/ijms25063298
https://doi.org/10.3390/nu16183168
https://doi.org/10.1016/j.peptides.2021.170697
https://www.ncbi.nlm.nih.gov/pubmed/34801627
https://doi.org/10.1111/bph.13705
https://www.ncbi.nlm.nih.gov/pubmed/28063251
https://doi.org/10.1007/s11892-021-01446-9
https://www.ncbi.nlm.nih.gov/pubmed/35179694
https://doi.org/10.1152/ajpcell.00379.2020
https://doi.org/10.1016/S2213-8587(19)30084-1
https://doi.org/10.1161/CIRCULATIONAHA.107.743062
https://doi.org/10.1016/j.heliyon.2023.e13983
https://doi.org/10.3389/fendo.2023.1281524


Healthcare 2025, 13, 694 13 of 13

39. Elisha, B.; Messier, V.; Karelis, A.; Coderre, L.; Bernard, S.; Prud’homme, D.; Rabasa-Lhoret, R. The Visceral Adiposity Index:
Relationship with cardiometabolic risk factors in obese and overweight postmenopausal women—A MONET group study. Appl.
Physiol. Nutr. Metab. 2013, 38, 892–899. [CrossRef]

40. Tan, A.; Yang, S.; Pan, Y.; Lin, Q. Metabolism score for visceral fat (METS-VF): An innovative and powerful predictor of stroke.
Arch. Med. Sci. 2024, 20, 1710–1714. [CrossRef]

41. Huang, J.C.; Huang, Y.C.; Lu, C.H.; Chuang, Y.S.; Chien, H.H.; Lin, C.I.; Chao, M.F.; Chuang, H.Y.; Ho, C.K.; Wang, C.L.; et al.
Exploring the Relationship Between Visceral Fat and Coronary Artery Calcification Risk Using Metabolic Score for Visceral Fat
(METS-VF). Life 2024, 14, 1399. [CrossRef] [PubMed]

42. Antonio-Villa, N.E.; Juárez-Rojas, J.G.; Posadas-Sánchez, R.; Reyes-Barrera, J.; Medina-Urrutia, A. Visceral adipose tissue is an
independent predictor and mediator of the progression of coronary calcification: A prospective sub-analysis of the GEA study.
Cardiovasc. Diabetol. 2023, 22, 81. [PubMed]

43. Wander, P.L.; Hayashi, T.; Sato, K.K.; Uehara, S.; Hikita, Y.; Leonetti, D.L.; Kahn, S.E.; Fujimoto, W.Y.; Boyko, E.J. Design and
validation of a novel estimator of visceral adipose tissue area and comparison to existing adiposity surrogates. J. Diabetes.
Complicat. 2018, 32, 1062–1067.

44. Feng, Y.; Yang, X.; Li, Y.; Wu, Y.; Han, M.; Qie, R.; Huang, S.; Wu, X.; Zhang, Y.; Liu, D.; et al. Metabolic Score for Visceral Fat: A
reliable indicator of visceral obesity for predicting risk for hypertension. Nutrition 2022, 93, 111443.

45. Yang, R.; Kuang, M.; Qiu, J.; Yu, C.; Sheng, G.; Zou, Y. Assessing the usefulness of a newly proposed metabolic score for visceral
fat in predicting future diabetes: Results from the NAGALA cohort study. Front. Endocrinol. 2023, 14, 1172323.

46. Tripathi, H.; Singh, A.; Farheen; Prakash, B.; Dubey, D.K.; Sethi, P.; Jadon, R.S.; Ranjan, P.; Vikram, N.K. The Metabolic Score for
Visceral Fat (METS-VF) as a predictor of diabetes mellitus: Evidence from the 2011–2018 NHANES study. PLoS ONE 2025, 20,
e0317913.

47. Rask-Andersen, M.; Johansson, Å. Illuminating the ’healthy obese’ phenotype. Nat. Metab. 2023, 5, 193–194.
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