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Purpose: The main aim of this study is to analyze the relationship between body composition indices and metabolic unhealthy
phenotypes in young and middle-aged obese patients and to assess their joint predictive ability.

Patients and Methods: A cross-sectional study method was used to select 207 patients who were proposed to undergo weight loss
surgery for morbid obesity from March to November 2022. Total adipose tissue (TAT), visceral adipose tissue (VAT), subcutaneous
adipose tissue (SAT), liver fat content (LFC), cross-sectional area (CSApuscie), and intermuscular adipose tissue (CSApar) of
paraspinal muscles were measured using quantitative computed tomography. Participants were categorized into two groups: metabo-
lically healthy obesity (MHO) and metabolically unhealthy obesity (MUO). The receiver operating characteristic curve comprised
body composition variables that correlated with MUO, and the area under the curve (AUC) was calculated to compare their prediction
capacity for MUO.

Results: There were 71 patients with MHO (34.3%) and 136 patients with MUO (65.7%). The VAT, VAT/TAT ratio, LFC, and
CSA huscie Was higher in MUO patients than in MHO (all P < 0.001), and SAT was lower than in MHO (P = 0.008). And all of these
metrics were correlated with MUO (all P < 0.05). Inclusion of these body composition metrics in the ROC analysis showed that the
AUC values for SAT, VAT, VAT/TAT ratio, LFC and CSA e Were 0.615, 0.663, 0.727, 0.694, 0.671, respectively, and the
combination of the VAT/TAT ratio and the LFC had the ability to predict MUO best (AUC=0.746, P = 0.025).

Conclusion: The combined use of VAT/TAT ratio and LFC is superior to the use of these two metrics alone in terms of their ability to
predict the MUO, providing a more accurate approach to the management and prevention of obesity-related metabolic risk.
Keywords: metabolically unhealthy, obesity, body composition, quantitative computed tomography

Introduction

Obesity is a global epidemic, with approximately 200 million adults overweight and 65.02 billion obese, according to the
World Health Organization.! Obesity is a major risk factor for the progression of prediabetes to diabetes, and it confers
a risk of cardiovascular disease in patients with prediabetes and diabetes.” A meta-analysis showed that obesity is highly
associated with the development of cardiovascular disease (CVD), with CVD mortality in the general population being
1.37-3.10 times higher in obese individuals than in non-obese individuals, and the risk of CVD death being highest in
morbidly obese patients (risk ratio=10.40).> A large UK cohort study showed that 8.68% of patients had a non-fatal CVD
event and 1.37% died of CVD during the 11 years of follow-up. Obesity is associated with a high prevalence of impaired
glucose tolerance (IGT or prediabetes) and is an independent risk factor for type 2 diabetes (T2D).* Given these premises,

in obesity, it seems crucial to prevent progression to diabetes while treating the comorbidities of obesity, mainly
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manifested as T2D, metabolic syndrome (MS, a group of disorders strictly related to insulin resistance, elevated
triglyceride levels, hyperglycemia and hypertension), CVD and malignancy.

However, the individual risk of developing obesity-related comorbid disorders varies greatly, which cannot be
explained just by the degree of adiposity. Some obese individuals have a significantly lower cardiometabolic risk and
are considered to have a “metabolically healthy or insulin-insensitive obesity” phenotype, on the contrary, metabolically
unhealthy or insulin-resistant obese individuals present with MS.? Therefore, some studies have defined obese patients
with or without cardiometabolic risk factors by combining body mass index and metabolic characteristics to categorize
individuals into metabolically healthy obese (MHO) phenotypes and metabolically unhealthy obese (MUO) phenotypes.®
Previous studies have shown that patients with MUO are exposed to more severe adverse outcomes than patients with
MHO, including a higher risk of cancer’ and cardiovascular disease.”

Studies have shown that the metabolic health phenotype in obese individuals may be a transient state, influenced by
age, environmental factors, lifestyle and body composition changes.”'? Therefore, identifying factors that contribute to
metabolic disturbances in normal weight and overweight individuals may be important for the prevention of future
CVD."" Body mass index (BMI) is a simple metric that takes into account weight and height and is commonly used to
classify obesity, but is difficult to accurately reflect it. Body composition may contribute to understanding the increased
cardiovascular risk observed in metabolically unhealthy highly obese subjects.'*'* The body composition index helps
discriminate lean tissue from fat tissue and improve the assessment of the metabolic phenotype of obesity. Human ectopic
fat accumulation is hypothesized to be connected to an increased metabolic risk in obese people, probably due to
adipokine dysregulation, which results in more pro-inflammatory adipokine synthesis and less anti-inflammatory
adipokine production, as well as greater lipolysis in that tissue. Wherein, increased visceral fat plays a key role in the
metabolic deterioration of the individual,'* and is a major determinant of increased cardiometabolic risk.'” In addition,
liver ectopic fat'® and muscle mass'’ play an important role in identifying beneficial phenotypes of obesity. However, the
predictive ability of body composition indicators such as liver fat content (LFC), visceral adipose tissue (VAT),
subcutaneous adipose tissue (SAT), and muscle mass to jointly identify MUO phenotypes in young and middle-aged
obese patients has rarely been investigated in the past.

Therefore, the aim of this study was to assess the distribution of body composition such as LFC, abdominal VAT, SAT
and skeletal muscle mass in young and middle-aged obese patients by quantitative computed tomography (QCT) and to
investigate the correlation of these indicators with metabolically unhealthy phenotypes for their predictive value.

Materials and Methods
Subjects

The cross-sectional study population was taken from patients who were proposed for bariatric surgery for morbid obesity
at the Second Affiliated Hospital of Anhui Medical University from March to November 2022. The patients are all Han
Chinese. Inclusion criteria: (1) age 2040 years; (2) BMI > 30 kg/m?; exclusion criteria: (1) inability to measure
abdominal fat content due to artifacts, incomplete abdominal image acquisition; (2) incomplete clinical data; (3)
malignant thyroid tumor. Finally, 207 obese patients were included in the study (Figure 1). The study was conducted
in compliance with the Declaration of Helsinki and was approved by the hospital ethics committee (SL-YX [YS]
2023-010).

Biochemical Tests

Patients’ blood indices, which included fasting total cholesterol (TC), triglycerides (TG), fasting plasma glucose (FPG),
C-peptide, fasting insulin (FINS), 25-(OH) vitamin D (VD), and vitamin B;, (V-B12), were retrospectively collected at
the time of admission examination. The patients’ fasting venous blood was collected in the morning and sent to the
laboratory for examination and analysis. During the testing session, TC, TG, FPG and V-B12 were measured using
a fully automated chemiluminescent immunoassay analyzer (IMMULITE 2000XPI, Siemens, Germany). Among these,
TC, TG and FPG were detected by enzyme immunoassay technique and V-B12 by atomic absorption spectrophotometry.
Furthermore, the levels of C-peptide, FINS, and 25-(OH)-VD were assessed through the utilization of a fully automated
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Figure | Flow chart of the study.

biochemical instrument (Cobas e 601, Roche, Switzerland). Among them, C-peptide and FINS were detected by
chemiluminescence, while 25-(OH)-VD was detected by high performance liquid chromatography.

Body Composition Measurement

A Dual Source CT scanner (SOMATOM Force, Siemens, German) was used to obtain raw CT images of the patient’s
abdomen. Monthly phantom scanning is a widely adopted quality assurance standard for routine QCT scans in clinical
trials. The standard reconstructed scan protocol of QCT was as follows: scanning table height 150 cm; tube voltage 120
kVp; tube current 150 mA; rotation time 0.5 s/revolution; reconstructed slice thickness 1 mm; matrix 512x512. The raw

CT data were transferred into QCT Pro 6.1 software (Mindways, USA) for body composition measurements.

1) LFC measurement (Figure 2a): one region of interest (ROI) was placed at the upper level of the liver and one at the
lower level (divided by the portal vein level), and two ROIs were placed at the portal vein level with an area of
approximately 250 mm?, avoiding intrahepatic blood vessels and hepatic bile ducts as much as possible. The mean
value of LFC measured by the 4 ROIs was taken as the mean LFC.

2) Abdominal fat content measurement (Figure 2b): abdominal fat was measured quantitatively at the level of the L2-3
intervertebral disc space, including abdominal SAT and VAT, and the sum of both was the total adipose tissue
(TAT).

3) Abdominal muscle mass measurement (Figure 2c¢): after manually outlining the paravertebral muscles of this cross-
section at the L3 mid-vertebral level, including the erector spinae and multifidus muscles (yellow area within the

Figure 2 Diagram of abdominal fat measurement. ((a) shows the LFC; (b and c) the blue area within the green line in the diagram is visceral fat, and the blue area outside
the green line is subcutaneous fat).
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green curve) as the region of interest (ROI), the software automatically distinguishes between muscle tissue and fat
tissue within the ROI and calculates the corresponding area, cross-sectional area of paraspinal muscles (CSA uscle)
and intermuscular adipose tissue (CSApmar)-

Concept

According to the MS diagnostic criteria of the Chinese Diabetes Society (CDS),'® subjects who met one of the following
four criteria were considered to have MS: (1) FPG > 6.1 mmol/L or 2hPG > 7.8 mmol/L or have been diagnosed with
diabetes; (2) systolic blood pressure (SBP) > 130 mmHg or diastolic blood pressure (DBP) > 85 mmHg or have been
diagnosed with hypertension; and (3) TG >1.7 mmol/ L or high-density lipoprotein cholesterol (HDL-C) <1.04 mmol/L
or taking any medication. We classified participants into MHO and MUO based on BMI and metabolic health status.
Diabetes is defined as fasting blood glucose >7 mmol/L or previous use of glucose-lowering medication. Hypertension is
defined as systolic blood pressure >140 mmHg and/or diastolic blood pressure >90 mmHg or previous use of
antihypertensive medication. 30 kg/cm* <BMI <35 kg/cm? was defined as obesity grade I; 35 kg/cm® < BMI <40 kg/
cm? was defined as obesity grade II; BMI > 40 kg/cm® was defined as obesity grade IIL.

Statistical Analysis

SPSS 23.0 was used for data analysis. Kolmogorov—Smirnov test was used to verify the normal or skewed distribution of
continuous variables. Normally distributed measures were expressed as mean + standard deviation (X = s), and non-
normally distributed measures were expressed as median (interquartile spacing). The Student’s #-test was used to
compare the difference between two groups of normally distributed measures, and Mann—Whitney U-test was used to
compare the difference between two groups of non-normally distributed measures. The chi-square test was used to assess
the differences between the categorical variables between the groups. Body composition indicators (VAT, SAT, VAT/TAT
ratio, LFC, and CSAusc1e) that differed between the MHO and MUO groups (P<0.1) were included in the binary logistic
regression analysis, adjusted for age and gender, to test the odds ratio (OR) and 95% confidence interval (CI) of body
composition indicators in obese patients with MUO. Further statistically significant (P<0.05) indicators were included in
the receiver operating characteristic (ROC) curve analysis to explore the ability of these body composition indicators to
discriminate between metabolically unhealthy and metabolically healthy subjects, and finally to compare the diagnostic
efficacy of the combined indicators to find the optimal body composition predictors. P<0.05 indicates statistical
significance.

Results

Comparison of the Differences Between the MHO and MUO Groups

A total of 207 participants were included in the final analysis with a mean age of 29.73 + 4.72 years and 154 (74.4%)
female patients. 71 (34.3%) of all patients were MHO and 136 (65.7%) were MUO. Patients with MUO had significantly
higher systolic blood pressure, diastolic blood pressure, triglycerides, total cholesterol, fasting glucose, 25-(OH)-VD,
V-B12, C-peptide, and insulin compared to patients with MHO (all P<0.001). Participants with MUO had higher age and
male proportion than MHO (P<0.05). MUO patients had higher VAT, VAT/TAT, LFC, and CSA ,,;sc1e (all P <0.001) and
lower SAT (P<0.01) compared to MHO patients (Table 1). After grouping according to different age groups, it was found
that the differences between the MUO and MHO groups were similar to the overall results, whether they were 20-30 or
3040 years old. There were no significant differences in 25-(OH)-VD and SAT between the two groups, and the V-B12
was higher in MUO patients than in MHO in the 20-30 years old group but the results were not significantly different
(Table 2).

Distribution of Body Composition Among Metabolic Phenotypes of Different Obesity

Classes
According to the grouping of different grades of obesity, 49 patients (23.67%) were obesity in grade I, 88 patients
(42.51%) in grade II, and 70 patients (33.82%) in grade III. The VAT/TAT and CSA,uscie Were higher in MUO than in
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Table | Baseline Characteristics of Patients

Variables All MHO (n=71) MUO (n=136) P
Age (years) 30.00 (7.00) 29.00 (7.00) 30.50 (8.00) 0.032
Sex (male/female) 53/154 8/63 45/91 0.001
BMI (kg/cm?) 37.92 (6.43) 37.81 (6.97) 38.05 (6.31) 0.655
SBP (mmHg) 133.75+16.82 123.94+10.59 138.91+17.22 <0.001
DBP (mmHg) 82.00 (17.00) 77.00 (9.00) 87.00 (16.00) <0.001
Metabolism-related indicators
TC (mmol/L) 4.76 (1.29) 4.37 (1.41) 4.99 (1.27) <0.001
TG (mmol/L) 1.56 (1.18) 1.16 (0.50) 1.97 (1.16) <0.001
FPG (mmol/L) 5.28 (1.71) 4.88 (0.61) 5.64 (2.43) <0.001
25(OH)VD (ng/mL) 15.74 (9.12) 15.14 (7.48) 16.07 (9.12) <0.001
V-B12 (ng/mL) 280.00 (173.00) 243.00 (127.00) 307.50 (188.80) <0.001
C-peptide (ng/mL) 4.96 (2.62) 4.26 (2.60) 5.36 (2.87) <0.001
FINS (pmol/L) 183.00 (141.00) 146.00 (116.60) 203.50 (161.00) <0.001
Body composition
SAT (cm?) 372.20 (176.90) 395.70 (171.50) 348.20 (158.00) 0.008
VAT (cm?) 246.89+84.63 216.85+77.69 262.57+84.12 <0.001
TAT (cm?) 630.34+164.29 634.76+178.88 628.03+156.77 0.958
VAT/TAT 0.39£0.10 0.34+0.09 0.42+0.10 <0.001
LFC (%) 17.45 (13.93) 13.30 (12.52) 19.65 (12.90) <0.001
CSAmuscle (€m?) 56.90 (17.00) 52.10 (9.90) 59.95 (19.00) <0.001
CSAmar (€cm?) 2.70 (2.40) 2.80 (2.50) 2.60 (2.10) 0.929

Note: Bolded values represent significant differences (P < 0.05).

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; FPG,
fasting plasma glucose; FINS, fasting insulin; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; TAT, total adipose tissue; LFC, liver fat
content; CSA,uscles Cross-sectional area of muscles; CSAmap cross-sectional area of intermuscular adipose tissue.

MHO in different obesity classes. The SAT was significantly lower in MUO than in MHO in both grade I and grade II
obesity patients, and the LFC was significantly higher in MUO than in MHO. In terms of VAT, it was higher in MUO
than in MHO only in grade II obesity patients (Figure 3).

Relationship Between Body Composition and Metabolically Unhealthy Phenotypes
Body composition, including SAT, VAT, VAT/TAT, LFC, and CSA,usc1e» Which were differential (P<0.05) between the
MHO and MUO groups, were included in the binary logistic regression analysis, which showed that SAT, VAT, VAT/
TAT, LFC, and CSA 51 Were all influential factors in the MUO after adjusting for age and gender (OR= 0.997, 1.005,
4324.784, 1.089, 1.050, all P < 0.05) (Table 3).

Diagnostic Efficacy of Body Composition and Combined Factors on MUO

The predictive ability of different body composition indicators for MUO was evaluated by ROC curve analysis, and the area
under the curve (AUC) for diagnosing MUO was 0.615, 0.663, 0.727, 0.694, and 0.671 for SAT, VAT, VAT/TAT, LFC, and
CSA huscle» Tespectively (Figure 4, Table 4). The body composition index VAT/TAT, which has the largest AUC in diagnosing
MUO, was combined with LFC and CSA ¢ to further compare the variability of its diagnostic efficacy with VAT/TAT, and the
results showed that the AUC value of 0.777 was significantly higher for LFC combined with VAT/TAT (P=0.025), and LFC,
CSA uscte combined with VAT/TAT had an AUC value of 0.790, which was significantly higher than VAT/TAT (P=0.036)
(Table 5).

Discussion

In this study, we used QCT to determine body composition and its relationship with metabolic health status in a young
and middle-aged obese population and found that 34.3% and 65.7% of patients were classified as MHO and MUO.
Among the different metabolic health status in obese patients, higher LFC, VAT, VAT/TAT, and CSA ,uscle Were strongly
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Table 2 Differences Between Metabolic Phenotypes in Different Age Groups

Variables 20-30 Years (n=100) P 30-40 Years (n=107) P
MHO (n=42) MUO (n=58) MHO (n=29) MUO (n=78)
Age (years) 26.00 (4.00) 26.00 (2.00) 0.740 33.00 (3.00) 33.00 (5.00) 0.838
Sex (male/female) 7/35 23/35 0.013 1/28 22/56 0.006
BMI (kg/cm?) 39.88 (8.74) 39.78 (8.20) 0.856 36.07 (4.04) 36.71 (5.50) 0.886
SBP (mmHg) 124.50 (15.00) 136.50 (26.00) <0.001 125.00 (14.00) 139.00 (24.00) <0.001
DBP (mmHg) 75.50 (13.00) 85.50 (17.00) <0.001 77.00 (6.00) 88.00 (17.00) <0.001
Metabolism-related indicators
TC (mmol/L) 4.37 (1.32) 4.95 (1.00) <0.001 4.46+1.04 5.17£1.03 0.002
TG (mmol/L) 1.24 (0.46) 1.94 (1.13) <0.001 1.06 (0.46) 1.97 (1.24) <0.001
FPG (mmol/L) 4.94 (0.70) 5.81 (3.50) <0.001 4.83 (0.59) 5.60 (2.29) <0.001
25-(OH)-VD (ng/mL) 14.98 (8.81) 16.23 (7.66) 0.534 15.20 (6.11) 15.98 (9.91) 0.106
V-B12 (ng/mL) 261.50 (141.00) 299.50 (157.00) 0.167 238.00 (112.5) 319.50 (194.30) 0.001
C-Peptide (ng/mL) 4.76 (2.60) 5.73 (3.15) 0.003 3.42 (1.56) 4.85 (2.46) <0.001
FINS (pmol/L) 184.50 (131.50) 216.00 (195.50) 0.010 115.00 (66.00) 184.00 (136.80) <0.001
Body composition
SAT (cm?) 405.65 (209.30) 388.2 (178.20) 0.157 381.48+130.63 337.34+11.87 0.086
VAT (cm?) 210.65 (111.60) 267.55 (90.40) 0.001 204.10+64.18 256.57+92.09 0.006
TAT (cm?) 668.71+183.61 673.92+151.40 0.877 585.58+162.47 593.91+152.82 0.806
VAT/TAT 0.34 (0.08) 0.41 (0.12) <0.001 0.35+0.09 0.43£0.11 0.001
LFC (%) 17.95£10.21 22.5249.30 0.023 11.34+5.06 19.48+8.03 <0.001
CSAmuscie (€cm?) 52.25 (11.20) 63.15 (20.10) <0.001 51.80 (10.00) 57.80 (17.30) 0.034
CSAmar (cm?) 2.70 (2.80) 2.50 (1.60) 0.635 2.80 (1.90) 2.75 (2.80) 0.939

Note: Bolded values represent significant differences (P < 0.05).
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; FPG, fasting plasma glucose; FINS,
fasting insulin; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; TAT, total adipose tissue; LFC, liver fat content; CSA, scle, Cross-sectional area of muscles;
CSAmaT cross-sectional area of intermuscular adipose tissue.

associated with MUO, and SAT may be a protective factor for the metabolic health status of obesity patients. VAT/TAT
was a better predictor of MUO, and when compared with other body composition indicators, it was found that VAT/TAT
combined with LFC was a better predictor of MUO.
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Table 3 Effect of Body Composition on MUO
Regression)

(Univariate Binary Logistic

Variables B P OR (95% CI)

SAT —0.003 0.020 0.997 (0.994-1.000)

VAT 0.005 0.030 1.005 (1.000-1.010)

VAT/TAT 8372 <0.001 4324.784 (66.161-282,702.43)
LFC 0.085 <0.001 1.089 (1.047-1.132)
CSAuscle 0.049 0.010 1.050 (1.012-1.090)

Note: Bolded values represent significant differences (P <0.05).
Abbreviations: SAT, subcutaneous adipose tissue; VAT, viscer:
tissue; LFC, liver fat content; CSA uscle, Cross-sectional area of

al adipose tissue; TAT, total adipose
muscles. Adjusted for age, sex.

The prevalence of metabolic phenotypes has been shown to be quite variable, with the obese metabolically healthy
phenotype ranging from 10-30%.' The metabolically healthy type of obesity had the highest prevalence in the US
population worldwide, and there was a large difference between the two.?’ The prevalence of the metabolically unhealthy
phenotype in normal weight ranged from 6.6% to 45.9%, with the highest prevalence in older adults, men, and
Europeans.?’ To date, there are no standardized criteria for the diagnosis of metabolic phenotypes. Studies have used
different definitions of metabolically unhealthy phenotypes, which could explain the differences in phenotype prevalence
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Table 4 AUC, Sensitivity and Specificity of Body
Composition Indexes for the Diagnosis of MUO

Variables AUC Sensitivity Specificity
SAT 0.615 46.3% 73.2%
VAT 0.663 50.7% 75.7%
VAT/TAT 0.727 59.6% 81.4%
LFC 0.694 65.4% 65.7%
CSAuscle 0.671 59.6% 72.9%

Abbreviations: SAT, subcutaneous adipose tissue; VAT, visceral adi-
pose tissue; TAT, total adipose tissue; LFC, liver fat content;
CSAuscles Cross-sectional area of muscles.

Table 5 Comparison of Diagnostic Efficacy of Combined
Factors and VAT/TAT for MUO

Variables AUC P
VAT/TAT 0.727 Ref.
LFC + VAT/TAT 0.777 0.025
CSAnuscle T VAT/TAT 0.746 0317
LFC + VAT/TAT + CSAuscle 0.790 0.036

Note: Bolded values represent significant differences (P <0.05).
Abbreviations: SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue;
TAT, total adipose tissue; LFC, liver fat content; CSA, scies Cross-sectional area
of muscles.

estimates. In this study, we used the definition proposed by the CDS in 2008, which was created based on a set of
metabolic risk factors, abnormal blood pressure, lipids, and blood glucose, and was representative for studies of the
Chinese population. This resulted in a 34.3% prevalence of metabolically healthy phenotypes and 65.7% prevalence of
unhealthy phenotypes in obese patients in this study.

In the present study, low SAT and high VAT were associated with MUO, suggesting that visceral fat accumulation
may pose a greater metabolic risk than subcutaneous fat. Previous studies have found that individuals with MHO had
significantly lower levels of visceral fat than those with MUO.?'*? A cross-sectional study in China of the Yi population
showed that VAT was positively associated with MUO.?* These findings are consistent with our results that increased
abdominal VAT may be detrimental to the maintenance of metabolic health status. The VAT not only serves as a site of
fat deposition, but also as a secretory organ capable of producing different adipokines that regulate lipid metabolism and
inflammation,** which are closely related to insulin sensitivity and glucose metabolism.*> Subcutaneous adipocytes have
high lipocalin expression and low pro-inflammatory adipokine expression, are better differentiated, and have higher
adipogenic and browning potential compared to visceral adipocytes.”**” Ryden et al demonstrated that a higher number
of SAT cells correlates with favorable cardiometabolic indices in obese patients.”® Abdominal SAT was shown to be
a protective factor for MHO in the present study, which may be due to adequate expansion of subcutaneous protective fat
depots, remodeling of healthy adipose tissue, and limited ectopic lipid deposition in individuals with MHO.*
Observations from the Framingham Heart Study suggested that the inability to store fat in SAT depots increases the
tendency to store visceral fat.>* In addition, we found that SAT and VAT increased with increasing obesity grade, but
differences in VAT between metabolic subgroups were found only in grade II obesity. The possible reason for this is that
the sample size has been reduced after grouping, resulting in an uneven distribution of data unable to demonstrate
differences after metabolic grouping.

Increased LFC was also found to be a risk factor for the MUO phenotype in this investigation. The liver is an
important site for ectopic fat deposition. Previous studies have found that hepatic fat deposition is closely associated with
metabolically unhealthy phenotypes in obese patients.” Xia et al found that metabolically healthy individuals had lower
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concentrations of liver enzymes, indicating lower LFC in patients.>' In addition, LFC was shown to have higher AUC
values than VAT in predicting the MUO phenotype in this study, which was consistent with previous findings that ectopic
fat in the liver might be more important than visceral fat in predicting healthy phenotypes of obesity.'® There is growing
evidence that SAT has a limited capacity for expansion and once exceeded promotes VAT expansion or storage in non-
adipose tissues such as the liver, leading to hepatic steatosis, which promotes cardiometabolic complications of obesity.**
Our study also found no significant difference in LFC between metabolic health phenotypes in class III obese patients,
suggesting that the higher the degree of obesity the more severe their hepatic fat deposition, which was unable to
differentiate between metabolic health phenotypes, and also validated to some extent the idea that the metabolic health
phenotype is unstable.'”

In this study, patients with the MHO phenotype had lower CSAuscle Of paraspinal muscle, however there was no
significant difference in paraspinal muscle fat area between the two groups. Previous studies have shown that muscle
mass and strength are protective factors against cardiometabolic risk and MS.'" Several studies have evaluated the
relationship between muscle mass and metabolic health status, however, no consistent conclusions have been
reached.'”*'?*33 The protective effect of muscle mass may be due to mechanisms involving glucose utilization, myokine
secretion, and ectopic fat accumulation.>**> In our study, we found that metabolically unhealthy individuals instead had
greater muscle area, which may be related to the widely varying body sizes of the patients, so we further analyzed the
relationship between CSAuscie and CSApar corrected for BMI and metabolic health status, and the results showed that
there was still no significant correlation. The analysis may be related to differences in study populations and sample sizes,
and the exact explanation and underlying mechanisms of the relationship between muscle mass and MUO phenotype
have not been fully elucidated and still need to be further validated by joint multicenter with larger sample sizes.

Age has been one of the factors responsible for the occurrence of metabolic abnormalities in susceptible individuals
and was even consistent with the hypothesis of transient metabolic stabilization in obese individuals.”'® The results of
the present study also showed that the mean age of patients with MUO phenotype was significantly higher than that of
individuals with metabolically unhealthy phenotype. According to the present study, ROC curve analysis showed that
abdominal VAT, VAT/TAT ratio, LFC, and CSAusc1e Were useful in predicting metabolic health status, indicating that
metabolic health risks may be present in obese patients if these body composition metrics are above threshold values. To
shorten the screening time and prevent the risk of metabolic complications in these patients, we further evaluated the
predictive efficacy of multiple body composition metrics and showed that the combination of VAT/TAT ratio and LFC
was able to better predict the MUO phenotype. Therefore, monitoring the VAT/TAT ratio in parallel with LFC could
contribute to the early detection of metabolically unhealthy phenotypes in patients. Furthermore, it is necessary to
encourage the MHO population to exercise and dietary control to reduce body weight to prevent the transition to MUO
and the development of related metabolic diseases.

However, there are some limitations of this study: firstly, this was a single-center, cross-sectional study, which does
not allow for causal inference. Therefore, further clinical trials are needed for validation. Secondly, there were fewer
male patients in this study, which may have resulted in data bias. Thirdly, due to the lack of universally accepted criteria
for determining metabolic health status, the results of this study may not be applicable in other populations. Finally, this
study did not assess some confounding factors, such as lifestyle, dietary status, and physical activity, which may have
influenced our results.

Conclusion

In conclusion, our findings suggest that LFC, SAT, VAT, VAT/TAT, and CSAuse are strongly associated with
metabolically unhealthy phenotypes by adjusting for age and sex in young and middle-aged obese patients. The
combined use of VAT/TAT and LFC was superior to the use of these two metrics alone in terms of their ability to
predict MUO, providing a more precise approach to the management and prevention of obesity-related metabolic risks.
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