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Purpose: This study investigated the relationship between the difference in percent body fat (APBF) decrease and the change in the
metabolic score for insulin resistance (METS-IR) in Chinese overweight/obese people with combined metabolic dysfunction-
associated steatotic liver disease (MASLD) after weight loss.

Patients and Methods: A total of 357 overweight/obese MASLD patients were included using a retrospective study method. The
subjects were divided into two groups (< 5% and > 5%) based on the APBF. The changes in METS-IR (AMETS-IR) and metabolic
indices before and after fat loss were compared between the two groups. Spearman correlation analysis was employed to investigate
the correlation between METS-IR changes and the decrease in PBF. A linear regression model was fitted using a restricted cubic spline
(RCS) curve to investigate the dynamic relationship between AMETS-IR and APBF.

Results: Following the fat reduction, both groups’ body measurements and liver fat content exhibited a notable reduction,
accompanied by a decline in METS-IR. In particular, the decrease in METS-IR was more pronounced in the group with a >5%
decrease in PBF. Significant correlations were observed between APBF and various insulin resistance indices. The correlation between
APBF and AMETS-IR was noteworthy (r = 0.438, p < 0.00I). RCS analysis revealed that when APBF exceeded 3.2%, AMETS-IR
exhibited an upward trend with further reduction in PBF.

Conclusion: The reduction of PBF was closely associated with changes in METS-IR, indicating that fat loss is an effective method
for improving insulin resistance in overweight/obese MASLD patients.

Keywords: metabolic dysfunction-associated steatotic liver disease, insulin resistance, metabolic score for insulin resistance,

triglyceride-glucose index

Introduction

The prevalence of nonalcoholic fatty liver disease (NAFLD) has increased significantly over the past decade, becoming
the most common liver disease in China. This rise can be attributed to the effective vaccination against viral hepatitis and
significant lifestyle changes, including dietary transitions and reduced physical activity.'> NAFLD frequently coexists
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with metabolic dysfunctions such as overweight and obesity, type 2 diabetes mellitus (T2DM), and dyslipidemia. These
conditions not only increase the risk of progression of liver diseases such as non-alcoholic steatohepatitis (NASH), liver
fibrosis, cirrhosis, and hepatocellular carcinoma but also are closely associated with multiple metabolic complications,
especially cardiovascular disease (CVD).? In light of the background above, an international panel of experts proposed
the concept of metabolic dysfunction-associated steatotic liver disease (MASLD). The diagnosis of MASLD is based on
imaging and histologically confirmed hepatic steatosis, in addition to the fulfillment of at least one of the five cardio-
metabolic criteria, which include overweight/obesity, T2DM, hypertension, reduced levels of high-density lipoprotein
cholesterol (HDL-C), and elevated plasma triglyceride (TG) levels.* Given that more than 95% of patients with NAFLD
meet the diagnostic criteria for MASLD, epidemiological data on NAFLD may also inform MASLD, which also
negatively affects patients’ quality of life and increases the burden of care.’ It has been demonstrated that the cumulative
incidence and risk of CVD are 38% higher in patients with MASLD/ steatotic liver disease (SLD) compared to patients
without MASLD /SLD.°

Insulin resistance (IR) indices are used to evaluate insulin sensitivity. It is essential in diagnosing and monitoring IR-
related diseases, such as MASLD, T2DM, and CVD. Although the hyperinsulinemic-euglycemic clamp technique (HEC)
is recognized as a classic index for assessing IR, its complex assay procedure and high technical requirements have
limited its popularity in the population.” In contrast, the homeostasis model assessment of insulin resistance (HOMA-IR)
is the most widely used method for assessing IR in clinical practice. Its simplicity can only be calculated from fasting
blood glucose and insulin levels.®* However, the HOMA-IR index has limitations regarding accuracy and stability. Novel
indices for assessing IR have been proposed as medical research advances. These indices are based on a combination of
routine clinical, biochemical assays and simple anthropometric measures, including the metabolic score for insulin
resistance (METS-IR), the triglyceride-glucose index (TyG), and the triglyceride-to-high-density lipoprotein cholesterol
ratio (TG/HDL-C), etc.” " These novel indices integrate more factors that reflect metabolic abnormalities without
additional insulin measurement and demonstrate a strong correlation with HEC.® These indices are simple and effective
and more accurately identify the high-risk group of MASLD risk.'*'? They are, therefore, particularly suitable for large-
sample epidemiological studies and routine clinical assessment.

Addressing obesity is particularly important in managing MASLD, as it can significantly improve IR, hepatic
steatosis, fatty acid profiles, and associated cardiometabolic disturbances in patients. Although various weight loss
methods are available, including dietary modification, exercise, pharmacotherapy, and even bariatric surgery, the
fundamental and critical aspect of the weight loss process is reshaping a healthy lifestyle, including dietary calorie
restriction and moderate physical activity.'* METS-IR, a recently developed evaluation index, has demonstrated
considerable potential for assessing metabolic risk and screening insulin sensitivity. This study examined the relationship
between changes in the summary IR indices and the degree of percent body fat (PBF) reduction following fat loss in
Chinese adult overweight/obese MASLD patients. This will further explore the specific evidence of fat loss and
improvement of IR and extend the application of METS-IR in clinical work.

Some studies have demonstrated that a 5% for weight loss from baseline is generally accepted as a “clinically
meaningful” amount.'>'® However, in clinical practice, we have observed a noteworthy phenomenon: although some
overweight/obese patients have achieved the 5% weight loss goal, there has been a notable loss of muscle tissue, while
adipose tissue loss has been minimal or non-existent. In some cases, there has even been an increase in the PBF
compared to the patient’s weight before weight loss. This phenomenon is referred to as “inappropriate weight loss”. The
management of MASLD requires particular attention to obesity, as it can significantly improve IR, which in turn will
help to minimize the harms caused by MASLD, including hepatic steatosis and associated cardiometabolic disturbances,
and slow the progression of fibrosis. While numerous weight loss options exist, including dietary modifications, exercise,
medication, and bariatric surgery, the essential and pivotal element of the weight loss process is forming a healthy
lifestyle, encompassing dietary calorie restriction and moderate physical activity. In light of the observations above, it
was hypothesized that overweight and obese MASLD populations with metabolic abnormalities would experience
a notable benefit when PBF decreased by a minimum of 5% following weight loss. Accordingly, in this study, the

reduction of PBF was employed as an indicator of weight loss effectiveness, with a >5% change in PBF used as the cut-
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off value for group comparison. This was done to investigate the relationship between the change in the IR index and the
degree of reduction in PBF after weight loss in Chinese adults with overweight/obese MASLD.

Materials and Methods

Participants

A retrospective study included three hundred fifty-seven patients diagnosed with MASLD at Changzhou Third People’s
Hospital between May 2018 and June 2023. The specific criteria for inclusion of subjects were as follows: (1) age >18
years old; (2) the controlled attenuation parameter (CAP) >238 dB/m, measured by vibration-controlled transient
elastography (VCTE), must be which is used as a criterion for the determination of hepatic steatosis;'® (3) the body
mass index (BMI) >24 kg/m?;*° (4) a reduction in PBF within one year after the initial dietary exercise instruction. The
exclusion criteria were as follows: (1) fasting plasma glucose (FPG) >7.0 mmol/L or previously diagnosed diabetes
mellitus or treated with hypoglycemic drugs; (2) blood pressure >130/85 mmHg or previously diagnosed hypertension
and treated with antihypertensive drugs; (3) liver aminotransferase levels exceeding three times the upper limit of the
normal range; (4) Other types of liver diseases, including viral hepatitis, excessive alcohol consumption (=140 g/week for
men, >70 g/week for women), drug-induced liver disease, and other types of liver diseases; (5) serious diseases such as
cardiopulmonary dysfunction, serious infections, malignant tumors; (6) use of weight-loss-related drugs; (7) previous
diagnosis of pancreatitis or use of lipid-lowering medications; (8) missing data.

This study was conducted in accordance with the ethical principles outlined in the Declaration of Helsinki and
received formal approval from the Ethics Committee of Changzhou Third People’s Hospital. Due to the study’s
retrospective nature and the data analyzed being derived from previous medical records, it was not feasible to contact
all patients to obtain their written informed consent. To address this situation, we specifically applied for an exemption
from the requirement of signing the informed consent form during the ethical review process, which was approved.
Furthermore, patients’ personal information will be strictly identified and protected during the research process to ensure
that the research is conducted without infringing on personal privacy or involving personal or commercial interests.

Study Design

This study employed uniform and standardized behavioral instructions for all participants who expressed a desire to lose
weight. The guidance measures comprised two main aspects: (1) limited energy and balanced diet management. First, the
daily energy intake was calculated based on the individual’s basal metabolic rate by multiplying it by a factor of 1.3 and
subtracting 500 kcal. Individuals whose calculated energy value was less than 1200 kcal were given a daily energy intake
recommendation of 1200 kcal. Furthermore, participants were provided with individualized dietary structure guidance
based on the nutritional principles of 50% carbohydrate, 20% protein, and 30% fat. (2) Exercise training program: For
exercise a moderate-intensity aerobic training program of 150 to 300 minutes per week was designed for all study
participants. The training program only comprised brisk walking and jogging. Patients were monitored and assessed at
intervals of three months and no more than one year after their initial visit and orientation. When multiple follow-ups
were conducted, the most recent data were incorporated into the analysis.

Based on the degree of reduction in participants’ PBF, the subjects were categorized into two different groups: the
first group (group APBF < 5%) consisted of participants with less than 5% reduction in PBF. In contrast, the second
group (group APBF > 5%) included participants with a 5% or more decrease in PBF. The grouping strategy facilitated
further exploration of the effects of varying degrees of fat loss on participants’ health status.

Anthropometric and Laboratory Testing

This study determined the subjects’ height and weight by a precise ultrasonic height and weight measuring device (HNH-
318 OMRON, Japan). BMI was calculated using the internationally accepted formula. The BMI is calculated as the body
weight (kg) divided by the square of the height (m?). All subjects were maintained in a rigorously controlled fasting state
for at least eight hours to ensure the precision of the test results. Subsequently, a 10-milliliter fasting blood sample was
collected via venipuncture of the elbow vein during the morning hours. The samples were analyzed by a state-of-The-art
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automated biochemical analyzer (model LABOSPECTO08AS, Hitachi Company, Japan) for FPG, TG, total cholesterol
(TC), HDL-C, and low-density lipoprotein cholesterol (LDL-C), alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT), total bilirubin (TBIL), albumin (ALB),
creatinine (CREA), estimated glomerular filtration rate (¢GFR) and uric acid (UA). Furthermore, fasting insulin (FINS)
levels were evaluated using chemiluminescence (UniCel DxI 800, Beckman Coulter, USA).

CAP and Liver Stiffness Measurement (LSM)

Two professionally trained operators performed CAP and LSM measurements using a FibroScan-502 probe (Echosens,
France). To ensure the accuracy of the test results, patients were instructed to fast for a minimum of eight hours before
undergoing the examination. During the examination, the patient was positioned supine on the examination bed with the
right arm fully abducted to allow for scanning of the right hepatic lobe through the intercostal space using the M-probe.
The examination was considered valid when at least ten individual measurements were obtained and deemed valid. This
study’s standard cut-off CAP for diagnosing fatty liver was set at >238 dB/m, while LSM measurements were recorded in
kilopascals (kPa)."

Body Composition Analysis

In this study, body composition measurements were performed using the InBody770 (Biospace, Seoul, Korea), an
instrument operated by two trained professionals. The data collected encompassed a multitude of critical indicators,
including body weight, BMI, waist circumference (WC), waist-to-hip ratio (WHR), visceral fat area (VFA), PBF, body
fat mass (BFM), fat mass index (FMI), free fat mass (FFM), free mass index (FFMI), skeletal muscle mass (SMM),
skeletal muscle index (SMI), and basal metabolic rate (BMR).

IR Assessment Indices
To assess IR, we employed the following calculation formula:

1. HOMA-IR = FPG(mmol/L)xFINS(mIU/L)/22.5;"

2. METS-IR = In[2xFPG(mmol/L)+ TG(mmol/L)]*xBMI/ In[HDL-C(mmol/L);’
3. TyG = In [TG(mg/dl)xFPG(mg/dl) /2];'°

4. TG/HDL-C = TG (mmol/L)/ HDL-C(mmol/L).

Statistical Analysis

The study was subjected to statistical analysis using SPSS 23.0 software (IBM Corporation, Armonk, New York, USA)
and graphically represented using GraphPad Prism v.9.0 (GraphPad Software, USA). First, the normality of the data was
assessed using the Kolmogorov—Smirnov test. For metric data that conformed to a normal distribution, the mean +
standard deviation was employed, and the independent samples -test was utilized to compare differences between
groups. Conversely, for quantitative data that were not normally distributed, the median (interquartile range, Q1, Q3) was
used, and the Mann—Whitney U-test was selected to compare differences between groups. Categorical variables were
presented as frequencies (percentages), and the chi-square test was employed to assess the significance of observed
differences between groups. Propensity score matching (PSM) was used in this study to address potential imbalances in
the data. The nearest neighbor method was utilized for the APBF <5% group and the APBF >5% group, with a matching
ratio 1:1 and a caliper size set at 0.25. The variables included in the matching were age, gender, body measurements,
CAP and LSM, liver and kidney function, glucose-lipid metabolism indices, and IR indices. The changes in variables
before and after fat loss were compared using either a paired samples #-test (for normally distributed data) or a Wilcoxon
rank sum test (for non-normally distributed data). PBF is regarded as a continuous variable. Spearman correlation
analysis investigated the association between IR indices and APBF. Furthermore, to explore the relationship between
APBF and AMETS-IR in patients who were overweight or obese and had MASLD, a restricted cubic spline (RCS) curve
was employed after adjusting for age and gender. All statistical tests were conducted with a two-sided hypothesis, and
differences were considered statistically significant at a P value of less than 0.05.
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Results

Basic Information on the Subject of the Study

This study included 357 overweight/obese MASLD people. The objects underwent weight loss exclusively through diet
and exercise guidance, reducing PBF within one year. Among these patients, 231 were males and 126 were females, with
an average age of 38.00 (29.00, 47.00) years. The objects were divided into groups based on the extent of their PBF
reduction over one year. The group APBF < 5% (n=262, 73.39%) and the group APBF >5% (n=95, 26.61%) (Table 1).

Baseline Characterization of the Study Population

A detailed comparison of the baseline characteristics of patients in the two groups was performed before PSM was
applied. The results demonstrated that the two groups exhibited no statistically significant differences in age, gender,
physical measures, CAP, LSM, liver and kidney function, UA, lipid metabolism indices (including TC, TG, and LDL-C),
and IR indices (METS-IR, TyG, and TG/HDLC) (all p > 0.05). Notably, however, there were significant differences
between the two groups in HDL-C (high-density lipoprotein cholesterol), FINS, and HOMA-IR (Table 1).

The two groups were further precisely matched by the PSM. After matching, 92 patients in each of the two groups
were successfully matched. The comparison results demonstrated that the matched groups were statistically balanced
concerning all baseline characteristics, including age, gender, body measurements, CAP, LSM, hepatic and renal function
indices, UA, glucose-lipid metabolism indices, and IR indices (all p > 0.05). This result demonstrated that the PSM
process effectively balanced the baseline characteristics of the two groups, providing a reliable basis for subsequent

comparative analyses (Table 2).

Comparison of Changes Before and After Fat Loss in Different PBF Reduction Groups
This study was to compare the two groups (with varying degrees of PBF reduction) in terms of changes in various
indicators before and after fat reduction. The results demonstrated that the two groups exhibited significant differences
(all p < 0.01) in body measurements, including ABMI, AWC, AWHR, AVFA, ABFM, and AFMI. These findings
indicated that fat loss significantly reduced body fat-related measurements. However, indicators representing muscle
mass, such as AFFM, AFFMI, ASMM, and ASMI, did not demonstrate significant differences between the two groups (p
> (.05), indicating that muscle mass did not undergo a significant change during fat loss in different groups. The ACAP
demonstrated a statistically significant difference between the two groups (p < 0.001), whereas the ALSM exhibited no
significant difference (p > 0.05). This indicates that the reduction in PBF had a more pronounced impact on liver fat
content, while the effect on liver stiffness was relatively limited. For the glycolipid metabolism indexes, there were
significant differences between the two groups for ATC, ATG, and ALDL-C (all p < 0.05). This indicates that a reduction
in PBF could reduce dyslipidemia. The insulin resistance indices AHOMA-IR, AMETS-IR, ATyG, and ATG/HDL-C
exhibited significant intergroup differences (all p < 0.0/). A more substantial decrease in body fat percentage was

associated with a more significant reduction in the insulin resistance indices. (Table 3).

Correlation Between Changes in the IR Indices and Reduction in PBF

A total of 357 study participants were included in the analysis. APBF was positively correlated with AHOMA-IR
(r =0.137, p = 0.009), AMETS-IR (r = 0.438, p < 0.001), ATyG (r = 0.147, p = 0.005) and ATG/HDL-C (r = 0.134,
p = 0.011), respectively. Among the correlations, that between APBF and AMETS-IR was the most significant, indicating
that the relationship between METS-IR and the changes in PBF was closer than that observed with the other indices.
Additional analyses demonstrated that AMETS-IR was not only strongly correlated with changes in PBF but also
significantly and positively correlated with a range of body measurements, including AWC, AWHR, AVFA, ABFM,
AFMI, and liver fat content (ACAP) (Table 4 and Figure 1). Notably, these correlation coefficients all exceeded the
correlations of changes in other IR indices with the body above measurements and changes in hepatic fat content.
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Table | Baseline Characterization of the Study Population Before PSM

Variables Total (n = 357) APBF < 5% (n = 262) APBF 5% (n = 95) P
Age (years) 38.00 (29.00, 47.00) 38.00 (29.00, 47.00) 37.00 (29.00, 47.00) 0.847
Gender (male) 231 (64.71%) 168 (64.12%) 63 (66.32%) 0.702
BMI (kg/m?) 28.70 (26.40, 31.10) 28.65 (26.30, 31.45) 28.90 (26.60, 30.35) 0.747
WC (cm) 97.90 (92.30, 105.10) 97.90 (92.32, 105.07) 96.70 (92.20, 105.30) 0.753
WHR 0.95 (0.92, 0.99) 0.95 (0.93, 0.99) 0.95 (0.92, 0.99) 0.592
VFA (cm?) 130.10 (98.40, 158.40) 128.10 (96.45, 157.83) 136.40 (104.25, 159.05) | 0.425
PBF (%) 34.50 (29.20, 39.00) 34.55 (28.72, 38.98) 34.50 (30.70, 39.95) 0338
BFM (kg) 27.20 (22.40, 31.90) 26.75 (22.20, 32.00) 28.60 (23.25, 31.75) 0323
FMI (kg/m?) 9.90 (8.00, 12.00) 9.85 (7.90, 12.00) 10.00 (8.30, 11.90) 0575
FFM (kg) 54.30 (44.60, 60.50) 54.40 (44.62, 60.25) 54.10 (44.80, 60.80) 0.886
FFMI (kg/m?) 18.90 (17.50, 20.30) 19.00 (17.60, 20.38) 18.80 (17.45, 20.05) 0273
SMM (kg) 30.60 (24.60, 34.20) 30.60 (24.70, 34.08) 30.60 (24.45, 34.45) 0.886
SMI (kg/m?) 8.00 (7.30, 8.60) 8.00 (7.30, 8.60) 7.90 (7.20, 8.60) 0.665
BMR (keal) 1543.00 (1334.00, 1676.00) | 1545.00 (1333.75, 1671.50) | 1538.00 (1337.50, 1683.50) | 0.884
CAP (dB/m) 333.00 (309.00, 358.00) 332.50 (308.25, 358.00) 333.00 (309.00, 357.50) | 0.858
LSM (kpa) 650 (5.30, 9.20) 6.50 (5.30, 9.28) 6.70 (5.35, 9.15) 0.745
ALT (UIL) 45.00 (29.00, 81.00) 47.70 (29.00, 83.32) 39.20 (29.80, 69.50) 0.470
AST (U/L) 29.00 (21.00, 46.00) 30.00 (21.00, 45.75) 28.00 (21.50, 44.00) 0.627
GGT (U/L) 41.00 (25.00, 66.60) 43.00 (25.00, 68.00) 37.00 (24.15, 54.00) 0.280
TBIL (umol/L) 13.60 (10.60, 17.10) 13.40 (10.60, 17.20) 14.50 (11.10, 17.05) 0319
ALB (g/L) 47.00 (45.00, 49.10) 46.90 (44.82, 49.00) 47.40 (45.40, 49.25) 0273
TC (mmol/L) 478 (4.15, 5.46) 474 (4.17, 5.42) 4.84 (4.12, 5.67) 0.457
TG (mmolil) .66 (1.09, 2.30) 1.67 (1.17, 2.39) .55 (0.94, 2.15) 0.148
HDL-C (mmol/L) 1.09 (0.95, 1.25) 1.08 (0.94, 1.22) .14 (0.98, 1.31) 0.049
LDL-C (mmol/L) 3.13 (2.62, 3.70) 3.13 (2.63, 3.68) 3.12 (2.60, 3.76) 0.865
FPG (mmol/L) 5.40 (5.00, 5.80) 5.30 (5.00, 5.70) 5.40 (5.00, 5.80) 0.875
FINS (mlU/L) 11.95 (8.36, 16.95) 12.43 (8.84, 18.25) 10.26 (7.69, 14.89) 0.004
HOMA-IR 2.84 (2.00, 4.07) 3.01 (2.13, 4.39) 2.42 (1.69, 3.55) 0.005
METS-IR 44.40 (40.44, 50.75) 45.04 (41.04, 50.77) 43.12 (40.08, 49.83) 0.092
TG 8.86 (841, 9.22) 8.89 (8.53, 9.24) 8.80 (8.28, 9.15) 0.139
TG/HDL-C 3.43 (2.10, 5.21) 3.56 (2.24, 5.24) 3.17 (1.52, 5.05) 0.069
CREA (umol/L) 78.00 (65.00, 92.00) 78.00 (66.03, 92.38) 77.30 (64.95, 91.25) 0.783
eGFR (mL/min/1.73m?) 99.12 (86.74, 112.37) 98.25 (87.00, 111.84) 102.82 (86.14, 113.23) | 0317
UA (umol/L) 388.30 (324.10, 457.40) 395.40 (330.50, 457.27) 359.50 (313.30, 458.35) | 0.152

Notes: Data are shown as median (25th, 75th percentiles), p <0.05 considered statistically significant.
Abbreviations: PSM, propensity score matching; BMI, body mass index; WC, waist circumference; WHR, waist to hip ratio; VFA, visceral fat area;
PBF, percent body fat; BFM, body fat mass; FMI, fat mass index; FFM, fat free mass; FFMI, fat free mass index; SMM, skeletal muscle mass; SMI,
skeletal muscle index; BMR, basal metabolic rate; CAP, controlled attenuation parameter; LSM, liver stiffness measurement; ALT, alanine
transaminase; AST, aspartate aminotransferase; GGT, glutamyl transferase; TBIL, total bilirubin; ALB, albumin; TC, total cholesterol; TG,
triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density cholesterol; FPG, fasting plasma-glucose; FINS. fasting insulin;
HOMA-IR, homeostasis model assessment of insulin resistance; METS-IR, metabolic score for insulin resistance; TyG, triglyceride-glucose index;
triglyceride-glucose index; TG/HDL-C, triglyceride-to-high-density lipoprotein cholesterol ratio; CREA, creatinine; eGFR, estimated glomerular

filtration rate; UA, uric acid.

RCS Analysis Between Reduction in PBF and Changes in the METS-IR

We employed a cubic spline function in conjunction with RCS analysis to investigate the relationship between APBF and
AMETS-IR in greater depth. To ensure the objectivity and accuracy of the results, this analysis was adjusted for age and
gender. After the analysis, a significant correlation was observed between APBF and AMETS-IR (p < 0.001). In
particular, when the degree of improvement in PBF exceeded 3.2%, the degree of reduction in METS-IR exhibited an
upward trend as the degree of improvement in APBF increased. This finding indicates a robust linear relationship
between the decrease in PBF and the improvement in IR within the specified range. The analysis did not reveal
a nonlinear relationship between APBF and AMETS-IR (p = 0.421) (Figure 2).
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Table 2 Baseline Characterization of the Study Population After PSM

Variable Total (n = 184) APBF < 5% (n = 92) APBF 5% (n = 92) P
Age (vears) 37.00 (29.00, 45.25) 36.50 (30.00, 45.00) 37.00 (29.00, 46.25) 0.970
Gender (male) 115 (62.5%) 53 (57.61%) 62 (67.39%) 0.171
BMI (kg/m?) 28.80 (26.58, 31.13) 28.80 (26.43, 31.92) 28.90 (26.60, 30.40) 0.831
WC (cm) 97.75 (92.80, 105.12) 98.00 (93.42, 105.03) 96.85 (92.50, 105.78) 0.954
WHR 0.95 (0.92, 0.99) 0.95 (0.93, 0.99) 0.95 (0.92, 0.99) 0.800
VFA (cm?) 132.40 (98.05, 159.70) 128.70 (95.33, 159.12) 136.45 (104.07, 159.70) | 0.473
PBF (%) 34.65 (29.40, 39.02) 34.85 (28.10, 38.92) 34.50 (30.60, 39.88) 0.508
BFM (kg) 28.15 (22.37, 32.05) 27.35 (21.87, 32.30) 28.80 (23.32, 31.83) 0.425
FMI (kg/m?) 9.95 (8.10, 12.03) 9.80 (7.85, 12.33) 10.05 (8.28, 11.93) 0711
FFM (kg) 54.15 (44.90, 60.70) 53.65 (44.53, 60.50) 54.80 (45.22, 60.92) 0.748
FFMI (kg/m?) 18.80 (17.40, 20.25) 18.80 (17.40, 20.42) 18.80 (17.48, 20.12) 0.600
SMM (kg) 30.55 (24.73, 34.42) 30.30 (24.73, 34.05) 30.75 (24.88, 34.52) 0.760
SMI (kg/m?) 8.00 (7.30, 8.60) 8.00 (7.30, 8.60) 8.00 (7.27, 8.60) 0.936
BMR (keal) 1539.00 (1339.25, 1681.25) | 1528.50 (1331.00, 1676.50) | 1553.00 (1346.25, 1685.75) | 0.749
CAP (dB/m) 331.50 (306.50, 355.00) 330.50 (299.75, 351.00) 333.00 (309.00, 360.50) | 0.379
LSM (kpa) 650 (5.30, 8.75) 6.40 (5.30, 8.53) 6.70 (5.38, 9.12) 0.529
ALT (U/L) 42.10 (29.00, 77.00) 4650 (26.00, 80.10) 40.90 (29.98, 70.50) 0.766
AST (UIL) 28.00 (19.75, 45.25) 28.00 (19.00, 45.00) 28.50 (21.75, 46.25) 0.597
GGT (U/L) 36.50 (21.38, 55.00) 33.00 (20.00, 55.23) 37.30 (24.23, 53.50) 0313
TBIL (umol/L) 13.35 (10.88, 16.60) 12.60 (10.70, 15.83) 14.65 (11.15, 17.10) 0.074
ALB (g/L) 4730 (44.98, 49.20) 46.90 (44.50, 49.10) 47.60 (45.40, 49.35) 0.259
TC (mmol/L) 491 (4.15, 5.49) 5.01 (4.27, 5.46) 480 (4.10, 5.57) 0.630
TG (mmoliL) | .48 (0.93, 2.20) 138 (0.93, 2.29) 1.52 (0.93, 2.13) 0913
HDL-C (mmol/L) 113 (0.99, 1.32) 1.10 (0.99, 1.35) .14 (1.00, 131 0612
LDL-C (mmol/L) 320 (2.62, 3.71) 3.38 (2.69, 3.66) 3.12 (261, 3.78) 0.675
FPG (mmol/L) 5.40 (5.00, 5.73) 5.40 (5.00, 5.70) 5.40 (5.00, 5.80) 0.767
FINS (mlU/L) 10.74 (7.52, 15.92) 11.46 (7.02, 16.43) 10.33 (7.74, 15.09) 0410
HOMA-IR 249 (1.69, 3.82) 2.63 (1.75, 3.96) 243 (1.69, 3.58) 0.479
METS-IR 4341 (40.05, 49.98) 44.17 (39.99, 50.35) 43.11 (40.08, 49.69) 0.488
TG 8.77 (8.27, 9.16) 8.70 (8.27, 9.24) 8.80 (8.29, 9.13) 0.964
TG/HDL-C 2.99 (1.65, 5.17) 261 (1.71, 5.48) 3.15 (1.53, 4.84) 0.924
CREA (umol/L) 77.15 (64.08, 91.93) 77.15 (63.45, 92.25) 77.15 (64.97, 91.23) 0.991
eGFR (mL/min/1.73m?) 100.01 (85.81, I12.43) 95.05 (85.12, 111.64) 103.11 (86.28, 113.19) | 0.198
UA (umol/L) 359.25 (302.18, 447.02) 354.10 (291.92, 441.65) 367.35 (313.85, 455.12) | 0.444

Notes: Data are shown as median (25th, 75th percentiles), p <0.05 considered statistically significant.

Abbreviations: PSM, propensity score matching; BMI, body mass index; WC, waist circumference; WHR, waist to hip ratio; VFA, visceral fat area;
PBF, percent body fat; BFM, body fat mass; FMI, fat mass index; FFM, fat free mass; FFMI, fat free mass index; SMM, skeletal muscle mass; SMI,
skeletal muscle index; BMR, basal metabolic rate; CAP, controlled attenuation parameter; LSM, liver stiffness measurement; ALT, alanine
transaminase; AST, aspartate aminotransferase; GGT, glutamyl transferase; TBIL, total bilirubin; ALB, albumin; TC, total cholesterol; TG,
triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density cholesterol; FPG, fasting plasma-glucose; FINS. fasting insulin;
HOMA-IR, homeostasis model assessment of insulin resistance; METS-IR, metabolic score for insulin resistance; TyG, triglyceride-glucose index;
triglyceride-glucose index; TG/HDL-C, triglyceride-to-high-density lipoprotein cholesterol ratio; CREA, creatinine; eGFR, estimated glomerular
filtration rate; UA, uric acid.

Discussion
The primary findings of this study were as follows: (1) Following the weight loss intervention, the APBF >5% group
exhibited more pronounced alterations in metabolic indices, including visceral fat, lipids, the insulin resistance indices,
and CAP, compared to the APBF <5% group. (2) The correlation between APBF and AMETS-IR was particularly
noteworthy, exhibiting the highest correlation coefficient. (3) When the change in PBF was higher than 3.2%, the change
in METS-IR showed an increasing trend as the level of decreasing PBF increased.

The growing body of research on MASLD has yielded substantial evidence indicating a close relationship between
MASLD and metabolic factors. This relationship is not limited to hepatic steatosis but encompasses five cardiovascular
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Table 3 Comparison of Changes in Different PBF Reduction Groups

Variables APBF < 5% (n =92) | APBF >5% (n =92) P

ABMI (kg/m?) ~1.65 (1.10, 2.53) -3.30 (2.70, 430) | <0.001
AWC (cm) ~4.80 (2.88, 6.35) —11.85 (8.70, 14.62) | <0.001
AWHR ~0.02 (0.01, 0.04) -0.07 (0.05, 0.09) | <0.001
AVFA (cm?) —17.30 (1152, 26.10) | —45.65 (36.17, 54.73) | <0.001
APBF (%) ~2.30 (137, 3.73) ~6.70 (5.70, 8.40) | <0.001
ABFM (kg) ~3.65 (2.27, 4.70) -8.10 (6.97, 10.03) | <0.001
AFMI (kg/m?) ~1.40 (0.80, 1.80) -3.00 (240, 352) | <0.001
AFFM (kg) ~1.15 (030, 2.03) ~1.00 (0.08, 2.10) 0.480
AFFMI (kg/m?) ~0.50 (0.10, 0.73) ~0.40 (0.00, 0.70) 0370
ASMM (kg) ~0.80 (030, 1.23) ~0.80 (0.17, 1.40) 0.876
ASMI (kg/m?) ~0.20 (0.10, 0.40) ~0.20 (0.10, 0.40) 0.742
ABMR (kcal) ~25.00 (6.00, 45.00) | —21.50 (1.75, 446.25) | 0.447
ACAP (dB/m) ~24.50 (6.75, 43.50) | —43.50 (17.25, 81.50) | <0.00I
ALSM (kpa) ~0.95 (0.10, 1.90) ~1.30 (0.20, 3.00) 0.096
AALT (U/L) —11.95 (-3.00, 35.93) | —12.20 (2.88, 37.20) | 0.49
AAST (UIL) ~4.00 (-3.00, 16.00) | —6.50 (~1.00,20.00) | 0213
AGGT (UIL) ~5.30 (-3.60, 14.65) | —14.95 (2.52,28.75) | 0.007
ATBIL (umol/L) ~10.20 (~1.80,2.92) | —0.10 (-2.03,2.80) | 0.720
AALB (g/L) ~1.25 (-0.70, 3.12) ~1.60 (-0.72,345) | 0.422
ATC (mmol/L) 0.07 (~0.65, 0.47) ~0.29 (-0.38,0.84) | 0016
ATG (mmol/L) 0.15 (~0.58, 0.24) —0.22 (-0.36,0.77) | 0.002
AHDL-C (mmol/L) 0.02 (-0.20, 0.06) 0.06 (~0.20, 0.14) 0.865
ALDL-C (mmol/L) ~0.06 (~0.32, 0.45) ~0.25 (-0.13,0.89) | 0.033
AFPG (mmol/L) 0.00 (~0.39, 0.40) ~0.20 (-0.12,0.51) | 0.055
AFINS (mlU/L) ~1.62 (~1.52, 4.62) ~2.95 (0.74, 7.01) 0.003
AHOMA-IR ~0.35 (~0.45, 1.08) ~0.74 (0.17, 1.62) 0.002
AMETS-IR ~2.83 (0.77, 5.07) ~6.10 3.72,891) | <0.001
ATYG 0.06 (-0.35, 0.17) -0.22 (-0.27,0.63) | 0.002
ATG/HDL-C 0.08 (~1.12, 0.42) ~0.36 (-0.87,2.10) | 0010
ACREA (umol/L) ~7.00 (032, 16.72) | —6.30 (~1.65, 1545) | 0.292
AeGFR (mL/min/1.73m?) | 1025 (~19.18, —0.14) | 7.53 (~18.85,2.24) | 0.522
AUA (umoliL) ~1.70 (~48.30, 68.70) | —21.65 (-26.20, 77.10) | 0.238

Notes: Data are shown as median (25th, 75th percentiles), p <0.05 considered statistically significant.
Abbreviations: A, difference between selected variable values before and after fat loss; BMI, body
mass index; WC, waist circumference; WHR, waist to hip ratio; VFA, visceral fat area; PBF, percent
body fat; BFM, body fat mass; FMI, fat mass index; FFM, fat free mass; FFMI, fat free mass index; SMM,
skeletal muscle mass; SMI, skeletal muscle index; BMR,basal metabolic rate; CAP, controlled attenua-
tion parameter; LSM, liver stiffness measurement; ALT, alanine transaminase; AST, aspartate amino-
transferase; GGT, glutamyl transferase; TBIL, total bilirubin; ALB, albumin; TC, total cholesterol; TG,
triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density cholesterol; FPG, fasting
plasma-glucose; FINS. fasting insulin; HOMA-IR, homeostasis model assessment of insulin resistance;
METS-IR, metabolic score for insulin resistance; TyG, triglyceride-glucose index; triglyceride-glucose
index; TG/HDL-C, triglyceride-to-high-density lipoprotein cholesterol ratio; CREA, creatinine; eGFR,
estimated glomerular filtration rate; UA, uric acid.

metabolic risk factors. Among these, overweight or obesity (BMI >23 kg/m?® Asia) is a significant contributor.* In this
study, we adhered to the Chinese criteria for defining overweight and selected patients with a BMI >24 as study subjects
to ensure that all enrolled patients met the diagnostic criteria for MASLD.? To minimize the impact of confounding
variables, patients with a history of diabetes mellitus, hypertension, or those on hypoglycemic, antihypertensive, or lipid-
regulating medications were excluded from the case screening process. This approach effectively controlled the influence
of factors such as blood glucose, blood pressure, and extreme lipids on the study outcomes. Furthermore, to ensure the
accuracy and reliability of the study, a propensity score matching method was employed to align the data from the
different fat loss groups accurately.
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Table 4 Correlation Between Changes of the IR Indices and Changes of Clinical

Variables
Variables AHOMA-IR AMETS-IR ATyG ATG/HDL-C
r P r P r P r P
APBF (%) 0.137 | 0.009 | 0.438 | <0.001 | 0.147 | 0.005 | 0.134 | 0.011
AWC (cm) 0.126 | 0.017 | 0.489 | <0.001 | 0.118 | 0.026 | 0.08I 0.126
AWHR 0.089 | 0.093 | 0.325 | <0.001 | 0.076 | 0.152 | 0.057 | 0.284
AVFA (cmz) 0.135 | 0.011 | 0.477 | <0.001 | 0.141 | 0.007 | 0.112 | 0.034
ABFM (kg) 0.155 | 0.003 | 0.518 | <0.001 | 0.138 | 0.009 | 0.107 | 0.044
AFMI (kg/m?) | 0.155 | 0.003 | 0.516 | <0.001 | 0.137 | 0.010 | 0.109 | 0.039
AFFM (kg) 0.045 | 0.394 | 0.303 | <0.001 0.039 0.462 0.005 0.926
AFFMI (kg/m?) | 0.046 | 0.387 | 0.304 | <0.001 | 0.029 | 0.589 | —0.004 | 0.940
ASMM (kg) 0.054 | 0.307 | 0.321 | <0.001 | 0.035 | 0.506 | <0.001 | 0.996
ASMI (kg/mz) 0.097 | 0.068 | 0.345 | <0.001 0.067 0.205 0.044 0.407
ABMR (kcal) 0.045 | 0.394 | 0.300 | <0.001 | 0.037 | 0491 | 0.002 | 0.974
ACAP (dB/m) | 0.101 | 0.058 | 0.195 | <0.001 | 0.160 | 0.002 | 0.116 | 0.028
ALSM (kpa) 0.161 | 0.002 | 0.029 | 0.584 | —0.015 | 0.785 | —0.059 | 0.269

Notes: Statistically significant values are indicated in bold.
Abbreviations: A, difference between selected variable values before and after fat loss; PBF, percent body fat;
WC, waist circumference; WHR, waist to hip ratio; VFA, visceral fat area; BFM, body fat mass; FMI, fat mass
index; FFM, fat free mass; FFMI, fat free mass index; SMM, skeletal muscle mass; SMI, skeletal muscle index;
BMR, basal metabolic rate; CAP, controlled attenuation parameter; LSM, liver stiffness measurement. HOMA-
IR, homeostasis model assessment of insulin resistance; METS-IR, metabolic score for insulin resistance; TyG,
triglyceride-glucose index; TG/HDL-C, triglyceride-to-high-density lipoprotein cholesterol ratio.

The present study concentrated on the interrelationship between PBF alterations and IR indices after fat loss. The
study employed several straightforward IR indices, including the METS-IR, TyG, and TG/HDL-C. These indices do not
necessitate the measurement of insulin, which provides convenience for clinical application.?! ** METS-IR integrates
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Figure 2 Restricted cubic spline analysis of APBF for estimating the degree of reduction in insulin resistance after adjusting for age and gender. The B value is displayed by the
solid purple line, with the 95% confidence intervals represented by purple shading.
Abbreviations: A, difference between selected variable values before and after fat loss; PBF, percent body fat; Cl, confidence intervals.

several metabolism-related factors, such as FPG, TG, HDL-C, and BMI, and can comprehensively reflect the body’s
metabolic status. In evaluating IR and cardiometabolic risk, METS-IR exhibits a high degree of concordance with the
insulin sensitivity evaluation index (glucose metabolic rate/infusion rate) calculated by HEC.%**?* Previous study has
successfully modeled the correlations between atherosclerosis risk variables and the IR risk assessment scale, with the
three IR indices: TG/HDL-C, TyG index, and METS-IR. Among these indices, the METS-IR was recommended as the
preferred formula for estimating IR due to its comprehensive assessment capability and high accuracy.?® In different PBF
reduction groups, METS-IR was significantly reduced compared with baseline after fat reduction intervention. The group
with more excellent PBF reduction showed a more significant reduction in METS-IR, suggesting that the improvement of
IR was positively correlated with the degree of PBF reduction. The study’s results demonstrated a positive correlation
between PBF changes and METS-IR changes. Several studies have confirmed the diagnostic efficacy of TyG and TG/
HDL in the assessment of IR, which is essential in predicting cardiovascular risk and serious adverse events.”’*® The
present study similarly found that the TyG index was significantly lower in both groups after fat loss compared to
baseline. There was a positive correlation between the reduction in PBF and the decrease in the TyG index and TG/HDL-
C. A comparison of the correlation between changes in IR indices and changes in PBF revealed that the highest
correlation coefficient was found between changes in METS-IR and changes in PBF (» = 0.438, p < 0.001). Further
RCS analysis demonstrated that when the change in PBF exceeded 3.2%, the degree of decrease in METS-IR tended to
increase in proportion to the degree of decrease in PBF. This result suggests that the improvement of insulin resistance is
more pronounced when the PBF decreases by more than 3.2%, which provides a reference for target values for fat loss in
a clinical setting.

The present study additionally revealed that alterations in METS-IR were positively correlated with modifications in
BFM and FMI, which reflect the level of whole-body adiposity and changes in WC, WHR, and VFA, which reflect
visceral adiposity. In individuals with intra-abdominal fat accumulation, their hypertrophied adipocytes produce large
amounts of free fatty acids (FFA) through lipolysis. These FFA enter the liver directly, inducing central (hepatic) IR by
stimulating hepatic gluconeogenesis and triglyceride synthesis, inhibiting hepatic glucose utilization, and decreasing
hepatic insulin uptake. Furthermore, elevated FFA levels in the bloodstream impede glucose utilization by muscle and
adipose tissue, a phenomenon known as the glucose-fatty acid cycle. This ultimately leads to the development of
peripheral-type IR.2%:30

It has been demonstrated that for each standard deviation increase in the METS-IR score, there is a corresponding
34% increase in the risk of developing NAFLD.?' This finding suggests that METS-IR may serve as a valuable indicator
for screening patients at risk for early-stage NAFLD. Few studies have examined the relationship between METS-IR and
MASLD from the perspective of body fat alterations. The results of the present study demonstrated that the overweight/
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obese MASLD people exhibited 24.50 (6.75, 43.50) dB/m decrease in CAP values in the APBF >5% group. In contrast,
the APBF <5% group demonstrated 43.50 (17.25, 81.50) dB/m decrease. The group with APBF >5% exhibiting a more
significant reduction in hepatic fat content. A positive correlation was also identified between the decrease in METS-IR
and liver fat content after fat loss. The excess adipose tissue, particularly visceral fat, significantly contributes to chronic
inflammation. The inflammatory state further impairs insulin signaling, perpetuating a vicious IR cycle.”” IR can affect
the release of free fatty acids from adipocytes, leading to elevated levels of free fatty acids in the blood, which promotes
hepatic fat accumulation. The direction of the causal relationship between the reduction of METS-IR and the improve-
ment of hepatic fat content remains to be elucidated. However, when viewed from another perspective, this finding
corroborates the positive effect of fat reduction on improving MASLD and provides new ideas for subsequent studies.

Given the superiority of low-fat content in improving metabolic function compared to weight loss alone, the current
study further explored the relationship between changes in PBF and improvements in metabolic indicators. In this study,
the APBF > 5% group showed improvement in metabolic indicators after weight loss. The APBF >5% group exhibited
more pronounced enhancements in TC, LDL-C, FPG, and TG/HDL-C compared to the APBF <5% group. This indicates
that the considerable decrease in PBF was significantly correlated with notable improvements in glucose metabolism,
lipid metabolism, and IR by the anticipated health benefits of fat loss. It is important to note that during weight loss, there
is a possibility of losing muscle mass, which can increase PBF instead of decrease. Nevertheless, monitoring the decline
in PBF makes it possible to reflect body fat loss accurately. A proper weight loss strategy should aim to maintain or even
increase muscle mass, which helps to increase the body’s basal metabolic rate. This, meanwhile, burns more calories
even at rest, helping achieve long-term weight management.* In the present study, despite a slight decline in indicators
of skeletal muscle mass (eg, FFM, FFMI, SSM, and SMI) following fat loss, there was no significant difference in
muscle loss between the two groups. This indicates that the weight management program, which involved limiting energy
intake and engaging in appropriate exercise, is a scientifically sound approach. The program did not significantly affect
muscle mass while ensuring a decrease in PBF, demonstrating its effectiveness in weight management.

The current study successfully matched data across different fat loss groups by applying a propensity score method,
thus effectively eliminating confounding factors between two groups. This study design highlighted the inherent
relationship between the changes in the IR indices before and after fat loss. It reflected the dynamic trends more
accurately than cross-sectional studies. For further analysis, we identified a significant association between PBF changes
and METS-IR changes. This allowed us to circumvent the problem of collinearity that might have arisen due to the
possible inclusion of BMI in the calculation. It is important to acknowledge the limitations of this study. The present
study is a retrospective analysis, and although the results are indicative of a potential causal relationship between PBF
and each insulin sensitivity index, a large-sample, multicenter prospective study is necessary to validate this relationship
further. In addition, while this study was able to hypothesize about the potential efficacy of dietary and exercise education
interventions to a certain extent by observing the effects of fat loss in the enrolled study subjects, it is important to
acknowledge that these interventions primarily rely on self-implementation and management by the study subjects, which
may introduce bias in understanding and inconsistency in actual implementation, potentially impacting the study results.
Furthermore, although we can infer the effectiveness of dietary and exercise education from the fat loss effect observed
in the enrolled study subjects, it cannot be definitively assessed these objects’ implementation in the established program
due to the lack of a rigorous follow-up design. Future studies must be thoroughly designed and examined to obtain more
comprehensive and accurate conclusions. Finally, given that all study subjects were recruited from the same medical
institution, there is a possibility that this may have introduced a degree of selection bias. To overcome this limitation, we
collaborated with other healthcare organizations in future studies to expand the scope of the study to validate the study’s
conclusions further and enhance its impact and utility in the academic community.

Conclusion

The results of this study confirm that the reduction of PBF is closely associated with changes in METS-IR, indicating that
fat loss is an effective method for improving insulin resistance in overweight/obese MASLD people. As a novel and
straightforward index for assessing insulin resistance, METS-IR demonstrated its potential clinical application in this
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study. These findings provide new strategies for treating MASLD people and emphasize the importance of fat reduction
in metabolic health management.
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