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Objective: This study aimed to evaluate the association of the triglyceride-glucose index (TyG index) with body composition and
laboratory parameters in individuals with chronic kidney disease (CKD) stage 3-5.

Methods: A total of 89 individuals with CKD stages 3—5 were classified into two groups based on glomerular filtration rate (GFR):
the CKD stages 3 to 4 group (n = 53) and the CKD stage 5 group (n = 36). Body composition parameters, including body fat mass,
lean body mass, skeletal muscle mass, and body mass index, were measured. Laboratory indices, including hemoglobin, albumin,
cholesterol, and the TyG index were analyzed. The correlations between the TyG index and these parameters were analyzed using
Pearson correlation, and the factors of the TyG index were analyzed using linear regression.

Results: (1) Hemoglobin levels, lymphocyte counts, the TyG index, and low-density lipoprotein cholesterol concentrations were
higher in patients with CKD stages 3 to 4 compared to those with CKD stage 5. (2) Measures of body composition, including body fat
mass, lean body mass, skeletal muscle mass, and BMI were significantly higher in patients with CKD stages 3 to 4 compared to those
with CKD stage 5. (3) The TyG index exhibited positive correlations with cholesterol, lymphocyte and monocyte counts, fasting blood
glucose, triglycerides, low-density lipoprotein cholesterol, and BMI, while showing a negative correlation with serum creatinine levels.
(4) Multivariate linear regression suggested that creatinine, blood glucose, GFR, triglycerides, low-density lipoprotein, and monocyte-
lymphocyte ratio may be the influencing factors of TYG index.

Conclusion: TYG index was positively correlated with BMI. The TyG index, an indicator of insulin resistance, is closely linked to
chronic inflammation, impaired renal function, and alterations in blood glucose and lipid profiles. These findings underscore the
potential utility of the TyG index in assessing metabolic and inflammatory changes in CKD.
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Introduction
Chronic kidney disease (CKD) has a major impact on global health. The 2017 Disease Research Report shows that the
number of people with CKD worldwide reached 697.5 million in 2017, accounting for 9.1% of the global population.’
Cardiovascular disease is a prevalent complication in patients with chronic kidney disease (CKD). CKD patients have
a higher risk of cardiovascular death and end-stage renal disease than non-CKD patients.” Insulin resistance (IR) has been
recognized as a critical factor in the pathogenesis of cardiovascular disease in this population.> Even during the early
stages of CKD, disruptions in glucose and insulin homeostasis contribute to the development of IR.* The triglyceride-
glucose (TyG) index has been identified as a reliable biochemical surrogate marker for IR and has been linked to an
increased risk of cardiovascular events in patients with CKD.>® A large cross-sectional study in China found that the
TyG index in CKD group was significantly higher than that in non-CKD group.’

As CKD advances, changes occur in the structure and function of body volume, fat, and skeletal muscle. Body
composition analysis can more effectively detect these changes and monitor disease progression. IR can cause multiple
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metabolic disorders, such as hyperglycemia, dyslipidemia and hypertension. IR is a potential pathophysiological factor in
the progression of CKD. A large study found a consistent correlation between TyG and serum creatinine and eGFR
levels.® IR can affect the appearance of various metabolic disorders in the body, and human composition analysis can
reveal changes in human composition and the progress of the disease in a more subtle manner, however, no studies have
yet investigated the relationship between the TyG index and body composition in this population.

This study aims to explore the correlation between the TyG index and body composition parameters, as well as other
laboratory markers, in individuals with varying stages of CKD. A recent high-value publication reported that a higher
TyG index is associated with increased hospitalizations and 1-year mortality in patients with CKD.® This study hopes to
detect and pay attention to insulin resistance in the early stage of CKD patients, and improve insulin resistance through
corresponding treatment. This can delay the progression of CKD and reduce the incidence and mortality of cardiovas-
cular disease in patients with CKD.

Participants and Methods

Study Participants
This cross-sectional study included individuals with CKD who were admitted to the Department of Nephrology at
Weifang People’s Hospital between February 2022 and August 2022.

Inclusion Criteria

Participants were eligible if they met the following criteria:
(1) Estimated glomerular filtration rate (eGFR) levels consistent with CKD stages 3a, 3b, 4, or 5, as defined by the
Kidney Disease Improving Global Outcomes (KDIGO) guidelines: CKD 3a: eGFR 45-59 mL/ (min-1.73 m?); CKD
3b: eGFR 30-44 mL/ (min-1.73 m?); CKD 4: eGFR 15-29 mL/min-1.73 m?); CKD 5: eGFR < 15 mL/
(min-1.73 m?).
(2) Male or female participants aged 18-80 years.
(3) Patients who had not undergone hemodialysis, peritoneal dialysis, or kidney transplantation.

Exclusion Criteria
Participants were excluded if they met any of the following conditions:
(1) History of severe cardiovascular and cerebrovascular events or malignant tumors.
(2) Presence of severe hypoproteinemia (albumin < 25 g/L) or moderate to severe edema.
(3) History of severe infection, immune system diseases, or severe metabolic disorders within the three months
preceding the study.
(4) Severe cognitive impairment or mental health disorders.
(5) Pregnant or lactating.
Finally, a total of 89 patients entered the study, as shown in Figure 1 for details.
This study was approved by the Ethics Committee of Weifang People’s Hospital (Approval No. KYLL20200513-2).

Body Composition Data Collection
Measurement of Body Parameters
Height and body mass were measured directly to obtain baseline anthropometric data.

Bioelectrical Impedance Analysis of Human Body Composition

Bioelectrical impedance analysis is based on the principle that different body components have different water content
and conductivity. A small electrical current of a certain frequency is passed through the body, and its resistance is
measured to indirectly estimate the biological composition of the body. In this study, body composition was evaluated
using the Inbody770 bioelectrical impedance analyzer (Korea). The procedure required all participants to fast for at least
four hours prior to the test. Additionally, they were asked to empty their bladder and bowels 30 minutes before the test,
wear light clothing, and avoid tight or heavy garments. During the test, participants stood barefoot on the electrodes,
ensuring close contact with both foot electrodes, while their arms hung naturally at their sides to maintain proper
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145 patients with CKD stages 3—5

Patients undergoing dialysis (n=31)

Patients younger than 18 years (n=3) and patients older than 80 years (n=4)
Patients with severe hypoalbuminemia (albumin < 25 g/L) (n=7)

Patients with moderate to severe edema (n=6)

Patients with severe cardiovascular events or malignant tumors (n=4)
Patient with severe cognitive impairment (n=1)

89 patients with CKD stages 3—5

53 patients with 36 patients with
CKD stages 3—4 CKD stages 5

Figure | Study flowchart.

electrode contact. Information such as height, gender, and age was entered into the device, and the measurement was
initiated by pressing the button. The instrument automatically analyzed the data and displayed the results.

The parameters measured included: total body water (TBW); intracellular water (ICW) extracellular water (ECW);
body fat mass (BFM); percent body fat (PBF); visceral fat area (VFA); fat-free mass (FFM); skeletal muscle mass
(SMM); soft lean mass (SLM): the sum of total body water and protein weight; body mass index (BMI): calculated as
BMI = body mass (kg)/height (m).?

Clinical Data Collection

Demographic information, including age, gender, and medical history (eg, hypertension, diabetes mellitus, and primary
disease), was collected. All patients were fasted for 8—12 hours within 48 hours after admission for fasting blood samples
for laboratory analysis of hematology and biochemical parameters.

Blood routine analyses were conducted using an automatic five-part differential hematology analyzer (Mindray
XN9000), while blood biochemical indicators were evaluated with an automatic biochemical analyzer (Siemens AD-
VIA Centaur XP). The following parameters were measured and documented: hemoglobin; albumin; monocyte and
lymphocyte counts; fasting blood glucose; cholesterol and triglycerides; serum creatinine and urea nitrogen; monocyte-to
-lymphocyte ratio (MLR).

The TyG index was calculated using the formula: TyG index = Ln [triglyceride (mmol/L) X fasting blood glucose
(mmol/L)/2]."°

Statistical Analysis

Statistical analyses were performed using SPSS software version 25.0. The sample size was calculated using the finite
population sample size formula for cross-sectional studies. The parameters were set as follows: Type I error a (two-sided)
= 0.05, allowable error 0 = 0.1, standard deviation 6 = 0.5, and a finite population size N = 600. Based on these
parameters, the calculated required sample size was n = 84. The final sample size in this study was 89, which meets the
required sample size and ensures statistical significance. Normally distributed measurement data are expressed as mean +
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standard deviation (X & S). The independent ¢-test was used to compare data between two groups. Categorical data are
expressed as n (%), and the chi-squared (x°) test was applied to assess differences between the groups.

Pearson’s correlation analysis was performed to examine the relationship between the TyG index and body composi-
tion as well as laboratory parameters. Multivariate linear regression analysis was performed to identify the factors
affecting the TyG index. A P-value < 0.05 was considered statistically significant.

Results

Comparison of General Clinical Data Between the Two Groups

A total of 89 individuals with CKD, aged 19 to 80 years, with a mean age of (57.78 + 14.03), were included in the study.
Of these, 50 were males, and 39 were females. Participants were categorized into two groups: CKD stages 3—4 (n = 53)
and CKD stage 5 (n = 36).

The primary diseases identified included diabetic nephropathy in 21 cases, hypertensive nephropathy in 20 cases, chronic
glomerulonephritis in 43 cases, ischemic renal injury in 1 case, interstitial nephropathy in 1 case, and other conditions in 3
cases. No statistically significant differences were observed between the two groups in terms of gender, age, or distribution of
primary diseases (P > 0.05), confirming the comparability of the groups. Detailed information is presented in Table 1.

Table | Comparison of Demographic and Laboratory Parameters Between the Two
Groups (%, X £ s)

Item CKD 3-4 Group | CKD5 Group th? P
Age 57.43% 14.11 58.28+ 14.09 —0.277 | 0.782
Gender [n (%)]

Male 34 (64.2%) 16 (44.4%) 3.382 0.066
Female 19 (35.8%) 20 (55.6%)

Hypertension [n (%)] 32 (60.4%) 21(58.3%) 0.037 0.847
Diabetes mellitus [n (%)] 25 (47.2%) Il (30.6%) 2.457 0.117
Serum creatinine 223.17+67.93 472.89+116.27 | —12.772 | <0.001
Urea nitrogen 18.09+7.34 27.10+9.34 —4.930 | <0.001
GFR 28.82+10.38 10.67£2.41 10.289 | <0.001
Hemoglobin 114.13£19.91 89.29+17.91 5.899 | <0.001
Albumin 39.85+6.33 37.29+6.26 1.878 0.064
Lymphocyte count 1.70+0.89 1.27+ 0.52 2,619 0.010
Monocyte count 0.47+0.52 0.40+ 0.17 0.834 0.406
Fasting blood glucose 6.29+ 2.30 551+ 1.58 1.781 0.078
Triglyceride 2.11x1.21 1.68+0.74 1.893 0.062
Cholesterol 527+ 1.75 475+ 1.42 1.488 0.140
TyG index 9.08+0.64 8.76+0.47 2.541 0.013
Low-density lipoprotein cholesterol 3.20+1.20 2.71+0.99 2.032 0.045
MLR 0.28+0.16 0.37+0.27 —1.945 | 0.055

Notes: Values are shown as mean * SD for continuous variables or n (%) for categorical variables.
Abbreviations: CKD, chronic kidney disease; GFR, glomerular filtration rate; TyG index, triglyceride-glucose index;

MLR, monocyte lymphocyte ratio.
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Comparison of Laboratory Parameters Between the Two Groups
There were no statistically significant differences in albumin levels, monocyte counts, fasting blood glucose, triglycer-
ides, cholesterol, and MLR between the two groups (P > 0.05).

However, hemoglobin levels, GFR, lymphocyte counts, TyG index, and low-density lipoprotein cholesterol were
significantly higher in the CKD stage 3—4 group compared to the CKD stage 5 group (P < 0.05). Serum creatinine and
urea nitrogen levels were significantly lower in the CKD stage 3—4 group compared to the CKD stage 5 group, and the
difference was statistically significant (P < 0.05). These findings are summarized in Table 1.

Comparison of Body Composition Analysis Between the Two Groups

Analysis using a two-sample #-test revealed no statistically significant differences in TBW, ICW, ECW, PBEF, or SLM
between individuals in the CKD stage 3—4 group and those in the CKD stage 5 group (P > 0.05). However, the VFA was
higher in the CKD stage 3—4 group; this difference was not statistically significant (P > 0.05). Nevertheless, BFM, FFM,
SMM, and BMI were significantly higher in the CKD stage 3—4 group compared to the CKD stage 5 group (P < 0.05).
Detailed results are presented in Table 2.

Correlation Analysis Between the TyG Index and Other Indicators

The TyG index demonstrated positive correlations with cholesterol, lymphocyte counts, monocyte counts, blood glucose,
triglycerides, low-density lipoprotein cholesterol, and BMI (P < 0.05). A negative correlation was observed between the
TyG index and serum creatinine levels (P < 0.05). No statistically significant correlations were identified between the
TyG index and other laboratory parameters or body composition measures. See Table 3 for detailed results.

Factors Influencing TyG Index

A multivariate linear regression analysis was conducted using the TyG index as the dependent variable.
Independent variables included laboratory parameters such as age, gender, MLR, creatinine, hemoglobin, and
albumin, as well as body composition parameters. The analysis identified the following significant factors
influencing the TyG index: creatinine (b = —0.001, r = —2.690, P = 0.009); blood glucose (b = 0.121, ¢ =

Table 2 Comparison of Body Composition Parameters
Between the Two Groups (X =+ s)

Item | CKD 3-4 Group | CKD 5 Group tiy? P
TBW 37.358.17 37.88+6.17 —0.326 | 0.745
ICW 22.56+4.94 22.89+3.89 —0.344 | 0.731
ECW 14.76£2.91 15.04+2.63 —0.454 | 0.651
PBF 24.92+8.70 22.53+5.44 1.467 | 0.146
VFA 80.00+34.38 68.34+16.98 1.883 0.063
BFM 1477+ 7.21 12.0743.71 2.070 | 0.041
SLM 50.41+ 9.30 49.06+ 8.14 0.708 | 0.48I
FFM 53.70+8.57 48.75+6.53 2.931 0.004
SMM 31.31+6.57 24.79+ 5.23 4976 | <0.00I
BMI 24.45+ 3.51 22.57+ 2.88 2.661 0.009

Note: Values are shown as mean * SD.

Abbreviations: CKD, chronic kidney disease; TBW, Total Body Water; ICW,
Intracellular Water; ECW, Extracellular Water; PBF, Percent Body Fat; VFA,
Visceral Fat Area; BFM, Body Fat Mass; SLM, Soft Lean Mass; FFM, Fat Free
Mass; SMM, Skeletal Muscle Mass; BMI, Body Mass Index.
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Table 3 Correlation Analysis of the TyG Index With Laboratory and Body Composition Parameters

TyG Creatinine | Cholesterol | Lymphocyte | Monocyte Blood Triglyceride | Low-density | BMI
Index Count Count Glucose Lipoprotein
Cholesterol

r —0.22 0.407 0318 0.277 0.5 0.324 0.41 0.296

p 0.038 <0.001 0.002 0.008 <0.001 <0.001 <0.001 0.005

Abbreviations: TyG index, Triglyceride glucose index; BMI, body mass index.

Table 4 Factors Influencing the TyG Index Based on Linear Regression Analysis

Variable b value b-value t value | P value
Standard Error
Creatinine 0.00 0.00 —2.690 0.009
Lymphocyte count 0.14 0.06 2.189 0.033
Fasting blood glucose 0.12 0.0l 9.370 <0.001
Triglyceride 0.39 0.03 15.185 <0.001
Low-density lipoprotein cholesterol 0.13 0.05 2.720 0.009
MLR 0.41 0.18 2.227 0.030
GFR —0.01 0.01 —2.230 0.030

Abbreviations: TyG index, Triglyceride glucose index; MLR, monocyte lymphocyte ratio; GFR, glomerular
filtration rate.

9.370, P < 0.001); GFR (b = — 0.010, ¢t = —2.230, P = 0.030); triglycerides (b = 0.393, ¢t = 15.185, P < 0.001);
low-density lipoprotein cholesterol (b = 0.129, ¢ = 2.720, P = 0.009); and MLR (b = 0.406, ¢ = 2.227, P = 0.030).
All these factors were statistically significant (P < 0.05). Detailed regression outcomes are summarized in Table 4.

Discussion
The global incidence of chronic kidney disease is currently high. Cardiovascular disease is a prevalent complication in
individuals with CKD. IR has been identified as an important factor in the pathogenesis of cardiovascular disease in this
population.® The Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) is a widely utilized method for
evaluating pancreatic B-cell function and IR. However, its applicability is limited in patients receiving insulin therapy or
those with non-functioning B-cells.'’ In contrast, the TyG index, a non-insulin-based measure, offers broader applic-
ability across individuals, regardless of their insulin treatment status.'? The TyG index has demonstrated greater utility
compared to HOMA-IR in evaluating IR in both diabetic and non-diabetic populations.'? It serves as a reliable surrogate
biochemical marker for IR.” Xiao et al’s study showed that an increase in the TyG index was associated with an increase
in the prevalence of CKD.'"* A meta-analysis showed that an increase in TyG index levels was positively correlated with
an increase in the relative risk of coronary heart disease.'” Paying attention to IR and improving IR in a timely manner
will have certain benefits for controlling the progression of CKD and reducing the incidence of cardiovascular disease.
This study demonstrated variations in the TyG index across different stages of CKD, indicating changes in IR levels
associated with CKD progression. These findings align with the observations of Rabbani et al, who reported alterations in
IR and blood lipid levels with advancing CKD.* The current study revealed a significantly higher TyG index in patients
with CKD stages 3—4 compared to those with CKD stage 5. Similarly, Yildirim et al reported an increase in the TyG
index with greater proteinuria, particularly among patients with a urinary albumin-to-creatinine ratio exceeding
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300 mg/g."'® This correlation may explain the higher TyG index observed in CKD stages 34, as patients at these stages
often exhibit elevated urinary albumin-to-creatinine ratios compared to those at stage 5.

A prospective multicenter cohort study by Quiroga et al found that the TyG index was significantly higher in patients
with CKD stages 3—5 compared to normal controls, and the TyG index was independently associated with the occurrence
of serious cardiovascular events in non-diabetic individuals with CKD.® Although the TyG index was lower in CKD
stage 5 compared to CKD stages 3—4, its median value in CKD stage 5 may still exceed that of the general population.
A large cross-sectional study found that the TyG index in the CKD group was significantly higher than that in the non-
CKD group.” Other studies have found that TyG variability can be a useful tool for identifying individuals at risk of CKD
progression.!” However, the absence of a control group in the present study precluded a direct comparison of the TyG
index between patients with CKD stages 3—5 and the general population.

Bioimpedance analysis facilitates the real-time evaluation of human body composition, including TBW, muscle mass, fat
content, and nutritional status. This method can more sensitively detect changes in various components and indicators. In the
present study, no significant differences were observed in TBW, ICW, ECW, PBF, or SLM between groups. However, BFM,
FFM, SMM, and BMI were significantly higher in individuals with CKD stages 3—4 compared to those with CKD stage 5.

Previous research has demonstrated that male patients with CKD stages 3—5 have significantly higher SMM compared
to female patients. Furthermore, both male and female patients in CKD stages 3—4 have higher SMM compared to those
in CKD stage 5. This study also revealed a positive correlation between SMM and GFR, indicating that SMM
progressively decreases as GFR declines.'® While sex-specific analyses were not conducted in the current study, these
findings align with existing literature. Skeletal muscle is the primary site for glucose uptake and utilization, responsible
for approximately 80% of insulin-stimulated glucose uptake, making it the body’s largest insulin target organ.'’
Therefore, skeletal muscle is among the earliest and most critical sites affected by IR. Thus, SMM decreases progres-
sively with the development of IR in CKD. Recent studies have shown that reduced SMM may be linked to IR and could
contribute to the development of diabetes mellitus and metabolic syndrome.?>*' Other studies have found that in
different adjustment models, TyG index remains independently and positively correlated with muscular atrophy.®
Furthermore, the relationship between SMM reduction and IR may be bidirectional. The mechanisms underlying the
reduction in SMM associated with IR are multifaceted. Insulin stimulates glucose uptake mainly in skeletal muscle.?
A decline in skeletal muscle mass reduces glucose uptake, thereby impairing insulin sensitivity and promoting the
development of IR. Additionally, skeletal muscle releases various myokines, including irisin, which is produced during
exercise. Irisin can activate the peroxisome proliferator-activated receptor oo (PPARa) signaling pathway, essential for
fatty acid p-oxidation in the liver. This process aids in improving hepatic steatosis and enhancing insulin sensitivity.

A decrease in skeletal muscle mass leads to reduced exercise capacity and lower energy expenditure, contributing to
obesity. This cycle can further exacerbate IR and hepatic steatosis. The current study observed that the VFA in CKD
stages 3—4 was significantly higher than in stage 5, although the difference was not statistically significant. Visceral
adipose tissue, primarily located in the mesentery and omentum, has a higher concentration of inflammatory and immune
cells, along with an increased number of glucocorticoid and androgen receptors. Moreover, visceral adipocytes are
metabolically more active, more sensitive to lipolysis, and resistant to insulin compared to subcutaneous adipocytes.

A cross-sectional survey conducted by Rence de et al in obese individuals in the Netherlands demonstrated an
association between VFA and IR.** This finding aligns with the observation in this study that VFA was significantly
higher in CKD stages 3—4 compared to stage 5. However, the absence of statistical significance in the results may be due
to the limited sample size. Additionally, correlation analysis showed no significant relationship between the TyG index
and other body components, such as SMM and VFA. This lack of correlation may suggest a nonlinear relationship or
could be influenced by factors such as the limited sample size, history of hyperlipidemia, and medication use.

This study identified significantly lower FFM, BFM, and BMI in patients with CKD stage 5 compared to those in
CKD stages 3—4. Additionally, a previous study suggested that FFM is an independent risk factor influencing the survival
prognosis of non-dialysis patients with CKD stages 4-5. Furthermore, FFM serves as a prognostic indicator for both non-
dialysis and dialysis patients with CKD.** As CKD progresses, there is a gradual decline in both muscle structure and
function. The pathological mechanisms contributing to the loss of lean body mass may be linked to the disease process of
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CKD, along with the effects of aging. Additionally, factors such as reduced appetite, impaired nutrient absorption, and
decreased muscle synthesis, which are common in advanced CKD, may contribute to declines in BFM and BML

This study found that except for a positive correlation between TYG index and BMI, there was no correlation
between TYG index and other human composition indicators. Some studies will divide participants into four groups
based on the TyG index quartiles. It is found that people with higher TyG index values tend to belong to the obese group
with higher BMI and waist circumference, and the proportion of individuals with dyslipidemia in the high TyG index
group is significantly higher.® This is consistent with the results of this study. Other studies have found that TyG index,
mean arterial pressure and uric acid mediate the relationship between BMI and ESKD in middle-aged people.?>~° It also
emphasized that in addition to weight loss, controlling metabolic risk factors may be crucial to reducing the adverse
effects of BMI on renal function.”’”

This study also found that creatinine, GFR, blood sugar, triglycerides, low-density lipoprotein cholesterol, and MLR
are influencing factors on the TyG index. TyG index was positively correlated with cholesterol, lymphocytes, monocytes,
blood sugar, triglycerides, and low-density lipoprotein, and negatively correlated with creatinine. First, studies have
found that TyG variability can be a useful tool for identifying individuals at risk of developing CKD, elevated changes in
the TYG index can lead to the progression of CKD.'” In the kidney, multiple insulin-sensitive cell types express insulin
receptors, and specific knockdown of these receptors in podocytes or proximal ducts leads to proteinuria, renal pathology,
and hyperglycemia.?®>° Other studies have found that TyG index and TYG-related indicators are significantly positively
correlated with blood creatinine and significantly negatively correlated with eGFR, and suggest that these indicators have
potential application value in early screening and management of chronic kidney disease risk.®

In addition, this study found that blood sugar, triglycerides, and low-density lipoprotein cholesterol are also influential
factors in the TYG index. In patients with severe CKD, hypertriglyceridemia and reduced HDL cholesterol levels are
prevalent lipid abnormalities, while LDL cholesterol levels often remain within normal ranges. Notably, LDL cholesterol
is clearly associated with major atherosclerotic events in the general population. LDL cholesterol is inversely linked to
adverse outcomes when levels are below average in patients with CKD. Conversely, elevated LDL cholesterol levels
show a slight positive association with mortality.*' Dysregulation of lipid metabolism in CKD is complex, emphasizing
the importance of lipid management in improving prognosis.'® Lipid levels may fluctuate as the disease progresses or in
response to management strategies.>> Notably, reducing LDL cholesterol levels in patients not on dialysis has been
shown to lower the incidence of major atherosclerotic events.*'** Therefore, adjusting lipid metabolism and maintaining
LDL levels within a reasonable range may improve IR and reduce the risk of atherosclerosis in patients with CKD.

This study also identified correlations between the TyG index and lymphocyte and monocyte levels, with MLR
emerging as an influencing factor for the TyG index. Patients with CKD, especially those with end-stage renal disease,
often exhibit chronic inflammatory responses marked by changes in C-reactive protein, tumor necrosis factor, and
leukocyte subsets. This chronic inflammation is a well-established risk factor for cardiovascular disease.

Recent studies have shown that leukocytes and their subsets are associated with the progression of renal disease.
Increased monocytosis and monocyte activation are associated with severe complications in CKD. Furthermore, an
elevated MLR has been identified as a strong and independent predictor of all-cause and cardiovascular mortality in
patients who are dependent on dialysis.>® Furthermore, Kanbay et al found that the proportion of monocytes to HDL
increased as GFR decreased and was associated with cardiovascular events.** Correlation analysis from studies shows
that all TyG-related indicators are related to obesity, blood pressure, lipids, inflammation and renal function.” These
findings suggest that in CKD, chronic inflammatory conditions, IR, and lipid metabolism are interconnected and can
contribute independently or collectively to the development of cardiovascular disease.

Limitations
This study has several limitations that should be acknowledged.
1. It is a single-center, cross-sectional study that lacks a control group from the general population, necessitating

confirmation through larger, prospective studies.
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2. The sample size is limited, and no further stratification was conducted based on age or gender among individuals with
chronic kidney disease. Additionally, the study population was limited to hospitalized patients, which may introduce
selection bias.

3. Factors such as medication dosage and patient compliance were not considered, potentially influencing the findings.
4. Other markers of inflammation or IR were not measured in this study, which could provide further insights.

Conclusion

In conclusion, TyG index was positively correlated with BMI, but no significant correlation was found with other human
components. Significant reductions in skeletal muscle mass and lean body mass are observed as CKD advances. IR may
be associated with chronic inflammation and declining renal function, in addition to conventional factors such as elevated
blood glucose and blood lipids. Future research should focus on early detection of insulin resistance, and through
corresponding treatment to improve insulin resistance, protect skeletal muscles, further delay the progression of CKD and
reduce the incidence of cardiovascular disease in patients with CKD. Additionally, large-scale longitudinal studies are
needed to confirm the benefits of early insulin resistance management on long-term outcomes in CKD patients,
particularly in preventing muscle wasting and cardiovascular complications.
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