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Background: Prior research has established an association between small dense low-density lipoprotein cholesterol (sdLDL-C) and
dyslipidemia, serving as a significant marker for predicting cardiovascular diseases. Nevertheless, the connection between sdLDL-C
and metabolic syndrome (MetS) remains unclear.

Methods: This study retrospectively analyzed 23,187 individuals who underwent health checkups at Taizhou Hospital’s health
management center. Here, we investigated the relationship between sdLDL-C and MetS, along with its components, utilizing
Spearman correlation analysis, receiver operating characteristic (ROC) curve analysis, logistic regression, and mediation analysis.
Results: The MetS group exhibited significantly higher level of sdLDL-C compared to the non-MetS group (P<0.001). We observed
a strong correlation between sdLDL-C and several key factors: TG (r = 0.711), TC (r = 0.672), LDL-C (r = 0.781), GGT (r = 0.420),
and HDL-C (r = —0.417). After adjusting for age and gender, the odds ratio (OR) (95% confidence interval [CI]) for MetS incidence in
the second, third, and fourth quartiles versus the first quartile of sdLDL-C concentration were 2.264 (95% CI: 1.851, 2.770), 4.053
(95% CI: 3.350, 4.903), and 9.034 (95% CI: 7.531, 10.837). The optimal cut-off value for diagnosing MetS using sdLDL-C was
determined to be 0.98 mmol/L, with an area under the ROC curve (AUC) of 0.716 (95% CI: 0.705, 0.726). Additionally, mediation
analysis revealed that sdLDL-C mediated a 12.8% correlation between GGT and TG concentration.

Conclusion: The sdLDL-C is correlated with MetS and it can successfully mediate the relationship between GGT and TG. Our data
suggests that sdLDL-c and GGT are suitable parameters for preventing and monitoring MetS.
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Introduction

Metabolic syndrome (MetS) is a group of clinical syndromes characterized by central obesity, impaired glucose
regulation, or diabetes, lipid metabolism disorder, and hypertension, with insulin resistance (IR) as the common
pathophysiological basis." MetS not only increases the risk of cardiovascular disease (CVD) and diabetes but is also
related to potential surging mortality rates of patients diagnosed with CVDs.* Related research shows that MetS patients
have a 5-fold higher risk of type 2 diabetes and a 3-fold higher risk of stroke and myocardial infarction than healthy
subjects.* According to currently available epidemiological data, in most countries around the world, 20% to 30% of
adults suffer from MetS, and there is still a growing trend of affected individuals fighting against this condition.’

The pathogenesis of MetS remains unclear. IR is considered to be the core of MetS, and obesity, abnormal fat
distribution, leptin, tumor necrosis factor, adiponectin, oxidative stress, and other inflammatory factors also play a certain
role in the occurrence and development of the syndrome.®® In addition, these related mechanisms may vary depending
on age.”'” The components of MetS are not isolated; they interact with each other. In MetS, dyslipidemia is associated
with IR and type 2 diabetes,'' and diagnosed obese patients are often accompanied by dyslipidemia.'?> Abnormal blood
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lipids, including elevated levels of sdLDL-C, triglycerides (TG), very low-density lipoprotein (VLDL), and apolipopro-
tein-B, as well as decreased levels of high-density lipoprotein cholesterol (HDL-C)'? can also be considered diagnostic
components of MetS, especially high TG and low-level HDL-C. SALDL-C levels are often elevated in MetS patients, but
their impact on MetS has not been clearly evaluated.

A small sample size study confirmed that the levels of sdLDL-C in patients with MetS were significantly higher than
those in the healthy control group.'? Another similar study showed that high concentrations of sdLDL-C are a risk factor
for MetS in the male population.'* Based on the previous outcomes confirmed within the medical community, this study
aims to explore the diagnostic value and interrelationships of sdLDL-C in MetS by incorporating large sample size data
from both male and female populations.

Method
Patient

The individuals who underwent routine physical examinations at the Health Management Center of Taizhou Hospital
from January 1, 2022, to December 31, 2022 were analyzed retrospectively. The population undergoing physical
examination are all permanent residents of Taizhou City, mainly from the working class. A set of specific criteria was
used to determine the population to be included and excluded. Individuals who met the following criteria were included
in the study: (1) aged 18 years or older, and (2) had taken part in both routine physical examinations and blood tests. The
following individuals were excluded from the study: (1) patients diagnosed with cancer; (2) patients with viral hepatitis
or individuals suffering from long-term chronic liver diseases; and (3) patients with autoimmune diseases, including
rheumatoid arthritis and systemic lupus erythematosus. Initially, a total of 24,287 adults underwent physical examinations
for this study. Through the careful application of the inclusion and exclusion criteria, the final sample size comprised
23187 individuals. The age range of the participants varied from 18 to 101 years old (average age: 51.3 + 13.9 years).
There were 12471 males (53.8%) and 10716 females (46.2%). The methodology was approved by the Medical Ethics
Committee of Taizhou Hospital in Zhejiang Province, affiliated with Wenzhou Medical University (#K20230924).
Because of the retrospective design of this study, the Medical Ethics Committee of Taizhou Hospital of Zhejiang
Province exempted patient informed consent. This research did not affect the patients’ health and privacy.

Data Collection

First, we measured the height and weight of the subjects to obtain a body mass index (BMI, kg/m?) and also measured their
systolic blood pressure (SBP) and diastolic blood pressure (DBP) using an Omron HEM-7200 blood pressure meter. The
patients underwent blood collection procedures from 7 am to 8 am and EDTA-K2 anticoagulant samples were measured
using a Sysmex 2100D routine hematology analyzer for platelet (PLT), white blood cell (WBC), red blood cell (RBC)
counts. A Beckman Coulter AUS5800 autoanalyzer was used to detect the serum concentrations of alanine aminotransferase
(ALT), y-glutamyl transpeptidase (GGT), alkaline phosphatase (ALP), aspartate aminotransferase (AST), total bilirubin
(TB), albumin (ALB), total protein (TP), blood urea nitrogen (BUN), serum creatinine (Scr), uric acid (UA), fasting plasma
glucose (FPG), triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), sdLDL-C and C-reactive protein (CRP). All participants’ height, weight, blood pressure
measurements, and blood collection were completed in the morning on an empty stomach and at rest. After collecting the
relevant test results of the subjects, the data was added to a physical examination record system.

Diagnostic Criteria

According to the MetS diagnostic criteria recommended by the Chinese Medical Association Diabetes Branch, if the patient
has three or all of the following four components, the diagnosis of MS is confirmed: (1) Overweight and/or obesity: BMI >
25.0 (kg/m?); (2) Hyperglycemia: FPG > 6.1 mmol/L (110 mg/dL) and/or 2hPG > 7.8 mmol/L (140 mg/dL), and/or those
who have been diagnosed with diabetes and treated; (3) Hypertension: SBP/DBP > 140/90 mmHg, and/or confirmed as
hypertension and treated; (4) Blood lipid disorders: fasting blood TG > 1.7 mmol/L (150 mg/dL), and/or fasting blood
HDL-C <0.9 mmol/L (male) or <1.0 mmol/L (female). According to the above diagnostic criteria, patients were divided
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into MS group and non-MS group, and the subject population also was divided into groups 0, 1, 2, 3, and 4 based on the
number of abnormal MetS components. In addition, considering the various parameters mentioned above, we proposed the
following metabolic disorder criteria for various MetS diagnostic indicators: (1) High BMI: BMI > 25.0 (kg/m?); ) High
TG: TG > 1.7 mmol/L; 3 Low HDL-C: HDL-C<0.9 mmol/L (male) or <1.0 mmol/L (female); (4) High SBP: SBP > 140
mmHg; & High DBP: DBP = 90mmHg; (6) High FPG: FPG > 6.Immol/L. Dyslipidmia refer to blood lipid disorders. In
addition, according to the quartile of sdLDL-C concentration, the subjects were divided into Q1 group (sdLDL-C: < 0.67
mmol/L), Q2 group (sdLDL-C: 0.67-0.89 mmol/L), Q3 group (sdLDL-C: 0.90-1.15 mmol/L), and Q4 group (sdLDL-C:
>1.16 mmol/L).

Statistical Analysis

To compare baseline parameters between MetS and non-MetS groups, the independent sample ¢—test was used when the
data was normally distributed and expressed as mean standard deviation. In addition, we used the Mann—Whitney U-test
when the data was not normally distributed and expressed as p50% (p25%, p75%). The differences between categorical
variables were compared using the Chi-Squared test. The receiver operating characteristic (ROC) curve is used to explore
the diagnostic value of sdLDL-C, sdLDL-C/HDL-C ratio, and sdLDL-C/LDL-C ratio for MetS. We also relied on logistic
regression analysis to explore the occurrence of MetS subjects under the quartile grouping of sdLDL-C concentration.
The above statistical analysis was conducted using SPSS (version 24.0). Mediation analysis was used to explore the
potential relationship between sdLDL-C and various components of MetS and was conducted by R (version 4.1.3,
Austria). A two-tailed P value <0.05 was considered statistically significant.

Result

Baseline Characteristics of Subjects

As aforementioned, a total of 23187 subjects were included in this study, ranging in age from 18 to 101 years old,
including 12471 males (53.8%) and 10716 females (46.2%). Among the participants, 2241 (9.7%) were MetS patients.
The proportion of male patients, Age, SBP, DBP, BMI, RBC, WBC, ALT, AST, ALP, GGT, TP, ALB, Scr, BUN, UA,
FPG, CRP, TG, TC, LDL-C, sdLDL-C, sdLDL-C / HDL-C ratio, sdLDL-C / LDL-C ratio in MetS group was
significantly higher than that of the non-MetS group (all P < 0.05), and HDL-C was significantly lower than that of
the non-MetS group (P < 0.001). There was no difference in PLT and TB between the two groups (Table 1). The

Table | Baseline Characteristics of the Study Participants

Parameters Total (n = 23,187) | MetS (n = 2241) | non-MetS (n = 20,946) | P value
Males, no. (%) 12,471 (53.8) 1392 (62.1) 11,083 (52.9) <0.001
Age (Year) 513+ 139 581117 505 £ 14.0 <0.001
SBP (mm Hg) 129 + 19 149 + |6 127 + 18 <0.001
DBP (mm Hg) 7712 87 £ 11 77 £ 11 <0.001
BMI (kg/m?) 245 %33 26.7 £33 242 £32 <0.001
PLT (10°/L) 237 (204, 274) 238 (205, 274) 237 (204, 274) 0.528
RBC (10'%/L) 4.83 + 048 4.97 £ 047 4.83 + 048 <0.001
WBC (10°1L) 5.9 (5.1, 6.9) 6.4 (5.5,7.5) 5.9 (5.0, 6.9) <0.001
ALT (U/L) 20 (14, 29) 25 (18, 36) 19 (14, 28) <0.001
AST (U/L) 23 (19, 28) 24 (21, 30) 23 (19, 27) <0.001
ALP (U/L) 75 (62, 89) 83 (71, 97) 74 (61, 89) <0.001
GGT (U/L) 23 (l6, 37) 34 (23, 55) 22 (l6, 35) <0.001
TB (umol/L) 13.7 (11.0, 17.1) 138 (11.2, 17.1) 13.7 (11.0, 17.1) 0.208
TP (g/L) 740 £ 40 752 £ 4.1 739 £40 <0.001
ALB (g/L) 448 + 2.8 449 + 2.6 448 + 2.8 0.046
Scr (umol/L) 68 (58, 79) 70 (59, 80) 68 (58, 79) <0.001
(Continued)
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Table | (Continued).

Parameters Total (n = 23,187) | MetS (n = 2241) | non-MetS (n = 20,946) | P value
BUN (mmol/L) 4.89 (4.15, 5.77) 5.13 (4.33, 6.02) 4.87 (4.13, 5.74) <0.001
UA (umol/L) 344 + 89 365 £ 89 342 + 88 <0.001
FPG (mmol/L) 4.97 (4.61, 5.47) 6.39 (5.21, 7.57) 4.92 (4.59, 5.35) <0.001
CRP (mg/L) 1.1 (0.6, 2.1) 1.8 (1.0, 3.1) 1.0 (0.6, 2.0) <0.001
TG (mmol/L) 1.32 (0.94, 1.94) 2.19 (1.79, 2.96) 1.26 (0.91, 1.77) <0.001
TC (mmol/L) 5.42 (4.76, 6.12) 5.85 (5.10, 6.61) 5.37 (4.73, 6.07) <0.001
HDL-C (mmol/L) 1.42 (1.21, 1.69) 1.26 (1.10, 1.47) 1.44 (1.22, 1.71) <0.001
LDL-C (mmol/L) 297 £ 0.77 3.17 £ 0381 295+ 0.76 <0.001
sdLDL-C (mmol/L) 0.90 (0.67, 1.16) 1.17 (0.94, 1.35) 0.87 (0.65, 1.12) <0.001
sdLDL-C / HDL-C 0.64 (0.41, 0.92) 0.92 (0.72, 1.13) 0.60 (0.40, 0.88) <0.001
sdLDL-C / LDL-C 0.31 (0.25, 0.36) 0.37 (0.33, 0.40) 0.30 (0.25, 0.35) <0.001

Abbreviations: no. (%), number; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; BMI, Body mass index; PLT,
Platelet count; RBC; Red blood cell; WBC, White blood cell count; ALT, Alanine aminotransferase; AST, Aspartate
aminotransferase; ALP, Alkaline phosphatase; GGT, y-glutamyl transpeptidase; TB, Total bilirubin; TP, Total protein; ALB,
Albumin; Scr, Serum creatinine; BUN, Blood urea nitrogen; UA, Uric acid; FPG, Fasting plasma glucose; CRP, C-reactive
protein; TG, Triglycerides; TC, Total cholesterol; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipo-
protein cholesterol; sdLDL-C, Small dense low-density lipoprotein cholesterol.

concentration of sdLDL-C surges with the increase in the number of MetS components (Figure 1A). The average
concentrations of sdLDL-C in groups 0, 1, 2, 3, and 4 were 0.77 mmol/L, 0.91 mmol/L, 1.05 mmol/L, 1.15 mmol/L, 1.22
mmol/L, respectively. The sdLDL-C / LDL-C and sdLDL-C / HDL-C ratios also increased with the growth in the number
of MetS components (Figure 1B and C)

Correlation Coefficients of sdLDL-C and MetS-Related Parameters
Table 2 shows that there is a strong positive correlation between sdLDL-C and TG (r=0.711), TC (r=0.672), LDL-C
(r=0.781), and GGT (1=0.420), while there is a strong negative correlation between sdLDL-C and HDL-C (r=—0.417).

Risk of MetS and Its Related Component Abnormalities Under Different Quartile

sdLDL-C Concentrations
After age and gender calibration we identified that, compared with Q1 level (<0.67 mmol/L), the OR (95% CI) of Q4
level subjects for MetS, high SBP, high DBP, hypertension, high BMI, high FPG, high TG, low HDL-C, dyslipidemia
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Figure | Serum sdLDL-C concentration (A), sdLDL-C/HDL-C ratio (B) and sdLDL-C/LDL-C ratio (C) according to the number of MetS components.
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Table 2 The Correlation of Serum sdLDL-c
Concentration and MetS-Related Parameters

Parameters sdLDL-C (mmol/L)
r P value

Age (Year) 0.104 <0.001
SBP (mm Hg) 0.201 <0.001
DBP (mm Hg) 0.254 <0.001
BMI (kg/m?) 0.025 <0.001
PLT (10°/L) 0.110 <0.001
RBC (10'?/L) 0.289 <0.001
WBC (10%1L) 0.185 <0.001
ALT (U/L) 0.319 <0.001
AST (U/L) 0.207 <0.001
ALP (U/L) 0.211 <0.001
GGT (U/L) 0.420 <0.001
TB (umol/L) 0.005 0.41

TP (g/L) 0.117 <0.001
ALB (g/L) 0.086 <0.001
SCR (umol/L) 0.152 <0.001
BUN (mmol/L) 0.067 <0.001
UA (umol/L) 0.326 <0.001
FPG (mmol/L) 0.164 <0.001
CRP (mg/L) 0.249 <0.001
TG (mmol/L) 0.711 <0.001
TC (mmol/L) 0.672 <0.001
HDL-C (mmol/L) -0.417 <0.001
LDL-C (mmol/L) 0.781 <0.001

Abbreviations: SBP, Systolic blood pressure; DBP, Diastolic
blood pressure; BMI, Body mass index; PLT, Platelet count;
RBC, Red blood cell; WBC, White blood cell count; ALT,
Alanine aminotransferase; AST, Aspartate aminotransferase;
ALP, Alkaline phosphatase; GGT, y-glutamyl transpeptidase;
TB, Total bilirubin; TP, Total protein; ALB, Albumin; Scr;
Serum creatinine; BUN, Blood urea nitrogen; UA, Uric
acid; FPG, Fasting plasma glucose; CRP, C-reactive protein;
TG, Triglycerides; TC, Total cholesterol; HDL-C, High-
density lipoprotein cholesterol; LDL-C, Low-density lipo-
protein cholesterol; sdLDL-C, Small dense low-density lipo-
protein cholesterol.

were 9.034 (7.531, 10.837), 1.768 (1.609, 1.942), 2.417 (2.142, 2.727), 1.896 (1.733, 2.074), 1.142 (1.058, 1.233), 2.215
(1.966, 2.496), 80.339 (68.076, 94.811), 3.343 (2.548, 4.387), 64.222 (55.214, 74.700) respectively (Table 3).

The Diagnostic Value of sdLDL-C, sdLDL-C/HDL-C Ratio, and sdLDL-C/LDL-C Ratio

for MetS

The optimal cut-off values of sdLDL-C, sdLDL-C/HDL-C, and sdLDL-C/LDL-C ratios in the case of diagnosed MetS is
0.98 mmol/L, 0.71, and 0.33, respectively (Table 4). The ROC curve is shown in Figure 2, and area under the curve
(AUC) of sdLDL-C and sdLDL-C/HDL-C ratio, sdLDL-C/LDL-C ratio is 0.716 (0.705, 0.726), 0.729 (0.719, 0.739),
0.760 (0.751, 0.770), while sdLDL-C, sdLDL-C/HDL-C, and sdLDL-C/LDL-C ratios achieved good negative predictive
value (NPV), with 95.4%, 96.0%, and 96.5%, respectively (Table 4 and Figure 2).
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Table 3 Odds Ratios for MetS and Its Related Abnormalities Under Different Quartile sdLDL-C Concentrations

Parameters Quartile of sdLDL-c, mmol/L

Ql (<0.67) n=5673 | Q2 (0.67-0.89) n = 5915 | Q3 (0.90-1.15) n =5724 | Q4 (= 1.16) n = 5875
MetS
Model | Reference 2.474 (2.025, 3.022) 4.540 (3.759, 5.483) 9.900 (8.269, 11.854)
Model 2 Reference 2.264 (1.851, 2.770) 4.053 (3.350, 4.903) 9.034 (7.531, 10.837)
High SBP
Model | Reference 1.297 (1.185, 1.420) 1.615 (1.478, 1.765) 1.972 (1.809, 2.151)
Model 2 Reference 1.152 (1.045, 1.270) 1.411 (1.282, 1.553) 1.768 (1.609, 1.942)
High DBP
Model | Reference 1.680 (1.480, 1.907) 2.414 (2.137, 2.726) 3.000 (2.665, 3.378)
Model 2 Reference 1.504 (1.323, 1.710) 1.996 (1.764, 2.258) 2417 (2.142, 2.727)
Hypertension
Model | Reference 1.356 (1.243, 1.479) 1.729 (1.588, 1.884) 2.179 (2.004, 2.369)
Model 2 Reference 1.203 (1.096, 1.320) 1.483 (1.353, 1.625) 1.896 (1.733, 2.074)
High BMI
Model | Reference 1.045 (0.971, 1.125) 0.998 (0.926, 1.075) 1.102 (1.023, 1.186)
Model 2 Reference 1.046 (0.971, 1.128) 1.021 (0.946, 1.102) 1.142 (1.058, 1.233)
High FPG
Model | Reference 1.442 (1.274, 1.632) 1.797 (1.592, 2.028) 2.577 (2.297, 2.892)
Model 2 Reference 1.287 (1.132, 1.463) 1.524 (1.345, 1.727) 2.215 (1.966, 2.496)
High TG
Model | Reference 5.798 (4.891, 6.874) 23.006 (19.543, 27.083) 85.523 (72.545, 100.822)
Model 2 Reference 5.629 (4.746, 6.677) 21.722 (18.435, 25.594) 80.339 (68.076, 94.811)
Low HDL-C
Model | Reference 2.819 (2.126, 3.740) 5.081 (3.889, 6.638) 4.894 (3.745, 6.395)
Model 2 Reference 2.401 (1.806, 3.192) 3.754 (2.863, 4.922) 3.343 (2.548, 4.387)
Dyslipidemia
Model | Reference 5.008 (4.288, 5.849) 18.916 (16.307, 21.941) 69.179 (59.537, 80.383)
Model 2 Reference 4.826 (4.130, 5.640) 17.647 (15.190, 20.489) 64.222 (55.214, 74.700)

Abbreviations: MetS, Metabolic syndrome; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; BMI, Body mass index; FPG, Fasting plasma
glucose; TG, Triglycerides; HDL-C, High-density lipoprotein cholesterol; sdLDL-C, Small dense low-density lipoprotein cholesterol.

Table 4 The Diagnostic Value of sdLDL-C, sdLDL-C / HDL-C Ratio, sdLDL-C / LDL-C Ratio in MetS

Parameters Cut-off value | Sensitivity | Specificity | PPV | NPV | AUC | 95% CI for AUC
sdLDL-C (mmol/L) 0.98 72.2% 61.4% 16.7% | 95.4% | 0.716 0.705, 0.726
sdLDL-C / HDL-C 0.71 76.3% 60.8% 17.2% | 96.0% | 0.729 0.719, 0.739
sdLDL-C / LDL-C 0.33 78.7% 62.8% 18.5% | 96.5% | 0.760 0.751, 0.770

Abbreviations: AUC, Area under curve; PPV, Positive predictive value; NPV, Negative predictive value; Cl, Confidence interval; sdLDL-C,
Small dense low-density lipoprotein cholesterol; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol.

BMI, HDL-C)

Additionally, due to the strong correlation between GGT and sdLDL-c (Table 2), we also had to analyze the effects of
sdLDL-C mediated GGT on MetS related components. As shown in Figure 3, sdLDL-C mediated a correlation of 7.5%
between HDL-C and BMI concentration (mediation effect = 0.0767, P = 0.030), 4.8% between HDL-C and TG
concentration (mediation effect = —0.0871, P = 0.028), —5.3% between HDL-C and GGT (mediation effect = —1.685,

P =0.022), and 12.8% between GGT and TG (mediation effect = 0.0004, P = 0.014).

The mediating effects of sdLDL-C on MetS related components (TG, SBP, DBP, GLU,
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Figure 2 Receiver operating characteristic (ROC) curve of sdLDL-C, sdLDL-C/HDL-C ratio, sdLDL-C/LDL-C ratio diagnostic MetS.
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Figure 3 Path diagram of the mediation analysis of sdLDL-C on MetS-related components.
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Discussion

This study involved 23,187 subjects and their medical data was used to explore the differences in serum sdLDL-C
concentrations between MetS patients and non-MetS patients. Our analyses confirmed that the risk of MetS occurrence is
associated with serum sdLDL-C concentrations and also helped us identify the diagnostic value of sdLDL-C for MetS. Finally,
we conducted a mediation analysis to explore the relationship between various components of MetS mediated by sdLDL-C.

The sdLDL-C is a unique subclass of LDL-C, widely believed to be associated with the occurrence and development
of CVD'? and considered a potential risk factor for atherosclerosis.'® In T2DM patients, an increase in serum sdLDL-C
may increase the severity of coronary heart disease.'” The many changes of sdLDL-C in cardiovascular and metabolic
diseases collaborated to amplify the study and conclusions regarding its clinical application. SALDL is currently
identified as a risk factor for CVD by the National Cholesterol Education Program'® and past research suggests that
sdLDL-C is recommended for screening familial hyperlipidemia in large populations.'® The measurement of sdLDL-C is
encouraged as a routine item for lipid profile screening, in order to prevent, evaluate, and monitor the treatment of
CVD.*

Our outcomes confirmed that, compared with non-MetS patients, the sdLDL-C, sdLDL-C/LDL-C ratio, and sdLDL-
C/HDL-C ratio of MetS patients were significantly increased. These results are similar to the data presented in a related
Korean study in which the levels of sdLDL-C in MetS patients were significantly higher than those in healthy controls."
The study showed a good correlation between TG levels and sdLDL-C concentrations, revealing that TG is one of the
most important contributors to sdLDL-C concentration and sdLDL-C/LDL-C ratio.'* In our results, the concentration of
sdLDL-C surges with the increase in the number of MetS components. Also, sdLDL-C is mainly positively correlated
with TG, TC, LDL-C, and negatively correlated with HDL-C. This suggests that sdLDL-C may be associated with MS
through its lipid metabolism regulatory function.

We relied on data regarding sdLDL-C, sdLDL-C/LDL-C, and sdLDL-C/HDL-C ratios to diagnose MetS, and all three
indicators achieved good diagnostic value, with sdLDL-C/LDL-C ratio achieving the highest AUC. Another related study
showed that the serum levels of sdLDL-C in MS patients were higher than those in non-MetS patients. Compared with the levels
of sdLDL-C ratio and LDL-C, the correlation between sdLDL-C/LDL-C ratio and various parameters related to MetS was closer,
and weight loss led to a significant decrease in the sdLDL-C/LDL-C ratio.”’ We explored the prevalence of MetS and its
components under different quartile concentrations of sdLDL-C and found that high concentrations of sdLDL-C were risk factors
for the occurrence of MetS and its components. All the studies mentioned above revealed that sdLDL-C is a marker of MetS.

We further explored the relationship between sdLDL-C and various components of MetS through mediation analysis
and sdLDL-C mediated a correlation of 7.5% between HDL-C and BMI (mediation effect = 0.0767), 4.8% between
HDL-C and TG (mediation effect = —0.0871), —5.3% between HDL-C and GGT (mediation effect = —1.685). HDL-C is
considered as “good cholesterol”, and is involved in the entire process of cholesterol reverse transport.”? In previous
studies, researchers found a negative correlation between plasma HDL-C levels and CVD risk.>* Reduced HDL-C levels
are the diagnostic criteria for MetS and according to our data, sdLDL-C is negatively correlated with HDL-C (r =
—0.417), this is consistent with the results of the mediating effect.

Another mediation analysis on MetS showed that sdLDL-C mediated a 38.6% correlation between waist circumference
and TG concentration, as well as a 13.5% correlation between waist circumference and FPG.'* However, this specific study
explored the male population, while our study explored both male and female populations. We also found that sdLDL-C
mediated a correlation of 12.8% between GGT and TG. GGT is a glycosylated protein on the surface of cell membranes and
is an enzyme involved in the metabolism of glutathione and cysteine since it can maintain the homeostasis of glutathione
and cysteine.”* GGT has been widely used as a marker for liver dysfunction, bile duct damage, and alcohol intake.”>* In
addition, elevated GGT activity plays an important role in the occurrence and development of CVD, MetS, and
atherosclerosis.”® A meta-analysis of prospective studies confirmed the positive correlation between GGT levels and the
risk of MetS, but not with alcohol consumption, proposing that GGT may be a promising biomarker for predicting MetS.*’
Our results further revealed the existence of an intrinsic relationship between GGT and MetS through mediation analysis,
shedding light on the fact that GGT and sdLDL-C can serve as biomarkers of MetS.
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Advantage and Limitation: Advantages: This is a large sample size study that includes both male and female
populations. Limitation: the populations of this study with an incidence of MetS of 9.7%, which is slightly lower than
the current prevalence of MetS in China. The reason behind this difference may be that the population in this study is
limited to southern cities in China, with the majority being working class, mainly Han Chinese. Related research data shows
that the epidemiology of MetS in China can increase from 3.6% to 21.68% with age, and there are significant differences in
the prevalence of MetS among different ethnic groups in China.”® There are also reports confirming that the prevalence of
MetS among Chinese adults has increased from 9.5% in 2002 to 18.7% from 2010 to 2012, with the fastest growth
occurring among young people, rural residents, and impoverished families.”’ Therefore, we plan to amplify our analysis in
the future and conduct relevant research through a multicenter, involving a multi-ethnic population.

In summary, the data presented here confirmed that high-level sdLDL-C is a risk factor for MetS, and sdLDL-C has
good diagnostic efficacy for MetS, especially with superior NPV. Our mediation analysis revealed that sdLDL-C can
mediate the relationship between HDL-C and BMI, TG, and GGT, and sdLDL-C can also mediate the relationship between
GGT and TG. In conclusion, sdLDL-C may affect the occurrence and development of MS by participating in lipid
metabolism and regulation of GGT activity, and it can be used as a potential molecular marker for the diagnosis of MetS.
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