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Background: To determine the optimal cut-off values and evaluate the associations of
product of triacylglycerol and glucose (TyG), lipid accumulation product (LAPI), visceral
adiposity index (VAI) with chronic kidney diseases (CKD) stratified by sex.

Methods: From January to April 2018, our team had conducted a large-scale cross-sectional
survey that contained 2720 individuals on the southern coast of China. Logistic regression
analysis and receiver operating characteristic (ROC) analyses were used to evaluate the
optimal cut-off and value of TyG, LAPI, VAI for predicting CKD.

Results: A multivariate logistic regression analysis found that the TyG had the better value of
prediction for the presence of CKD for the highest quartile vs the lowest quartile in both males
(OR: 3.65; 95% CI, 2.04-6.52; p<0.001) and females (OR: 3.50; 95% ClI, 2.20-5.56; p<0.001),
followed by LAPI and VAI, when further adjusted for cofounder factors, LAPI and VAI both lost
their independence, and only TyG remains its significant association with CKD in both males
(OR: 2.81; 95% CI, 1.25-6.30; p<0.001) and females (OR: 3.22; 95% CI, 1.56-6.61; p<0.001).
ROC curve showed that TyG had the highest AUC for predicting CKD in males (AUC: 0.618).
TyG (AUC: 0.670) and LAPI (AUC: 0.670) both had the highest AUC in females. United
predicted models which contain TyG were conducted for predicting CKD in males (AUC: 758)
and females (AUC: 0.773) and results indicated that multivariate analysis of TyG and other
traditional factors can impressively improve the accuracy of predictive probability for CKD.
Conclusion: TyG is a priority to the other two novel indices and may become valuable
makers and have strong predictive power for predicting CKD, especially in females.
Keywords: product of triacylglycerol and glucose, lipid accumulation product, visceral

adiposity index, chronic kidney diseases

Introduction
Chronic kidney diseases (CKD) have gradually become a worldwide public health
burden on the world health-care system. According to previous research, the
prevalence of CKD was 10.8% in China, and CKD is positively related to cardio-
vascular morbidity and mortality, especially in China.' The cost which patients
spend on dialysis treatment for end-stage kidney diseases (ESKD) is about $14,300 -
per year, which increases the economic burden to the Country and Society.” In
developed countries, CKD contributed to the leading cause of death, which makes
the prevention and control of CKD particularly necessary.’

It is well known that obesity is related to CKD, but the critical mechanism is not
yet clear. Previous studies showed that insulin resistance may play an important role
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in the progress of renal impairment.® The current precise
diagnosed test for insulin resistance is the hyper-
insulinemic euglycemic clamp test, which is expensive
and complex, another diagnosed test, homeostasis model
assessment for insulin resistance (HOMA-IR), is also
inconvenient and unpracticable in clinical conditions
because HOMA-IR needs patients’ serum insulin level to
estimate and calculate.”® Thus, novel and surrogate index
of insulin resistance and obesity are particularly required.

Recently, three new indices, visceral adiposity index
(VAI) and Triglycerides-glucose index (TyG), the lipid
accumulation product index (LAPI), were proposed.
These novel indices have been used as estimators of visc-
eral adiposity dysfunction and lipid overaccumulation,’'”
and these novel indices have been found to correlate with
insulin resistance,'’ impaired fasting glucose,'? discrimi-

13.14 " metabolic

nation of prediabetes and diabetes,
syndrome'® and Chronic Kidney Disease.'®'” However,
there are few studies to compare the different predictive
value of three novel indices for CKD, especially in the
southern Chinese population, so our study aims to further
explore which indices were superior to associate with
CKD and identify individuals with CKD in the Chinese

population.

Materials and Methods
Study Population

From January to April 2018, this cross-sectional survey
was based on a community random sample population
conducted in Wanzhai Town, Zhuhai City, on the southern
coast of China. The study was conducted in accordance
with the Declaration of Helsinki and was approved by the
Ethics Committee of the Third Affiliated Hospital of
Southern Medical University. Written informed consent
forms were signed by all participants. Participants were
selected by multi-stage stratified random method. Firstly,
our team selected two communities randomly from
Wanzhai Town; secondly, from two selected communities,
500 families were randomly chosen as the sample family;
and finally, we included and sampled all the residents aged
from 18 to 75. According to this method, a total of 2720
participants completed the survey. The exclusion criteria
included: missing essential information, like gender; edu-
cation; disease history; lifestyle information; blood pres-
sure (BP), waist measurement; blood glucose and
cholesterol, triglyceride (TG) levels information.

Data Collection

The participants had finished the Questionnaires which
included data on gender, age, the degree of education,
drug medication, smoking situation, alcohol use, physi-
cal activity frequency and other sociodemographic data
of volunteers. After completing the questionnaires,
volunteers had rest for at least 5 minutes, and the
blood pressure and Waist circumference were immedi-
ately measured. The blood pressure of the left arm was
measured using a mercury desk-top sphygmomanometer,
and the mean blood pressure was calculated after three
records were taken by the sphygmomanometer. Waist
circumference was measured at the midway between
the lower rib edge of the midline and the top of the hip
bone. All blood samples were collected from the anterior
cubital vein after 12hrs of fasting overnight and at the
same time, fresh morning urine samples were collected.
Blood samples collected in EDTA tubes containing inert
separation gels were used to analyze the blood biochem-
istry. All blood samples were shipped to the testing
central laboratory of the Third affiliated Hospital of
Southern Medical University and analyzed within three
hours. Serum creatinine was measured by enzymatic
method, fasting blood glucose was measured in the
same way (Roche Cobas 6000, Orion), the blood lipid
paraments such as serum triglycerides (TG), serum total
cholesterol (TC) and serum HDL-C, were tested by
a colorimetric method (Roche Cobas 6000). After morn-
ing urine collection and stored at —80°C for less than one
week, urinary albumin was measured by immunoturbidi-
metric tests (Audit Diagnostics, Cork, Ireland) and urin-
ary creatinine was evaluated through Jaffe’s kinetic
method (Audit Diagnostics, Cork). The urinary albumin-
to-creatinine ratio (ACR) value was calculated by the
records of wurinary albumin and urinary creatinine
concentration.

Definitions of VAI, LAPI and TyG Score
The VAI score was calculated as followed.” (1) In male
population, VAI = [WC/(39.68 + 1.88 x BMI)] x (TG/
1.03) x (1.31/HDL). (2) In Females, the VAI = [WC/
(36.58 + 1.89 x BMI)] x (TG/0.81) x (1.52/HDL).

Product of triacylglycerol and glucose (TyG) was cal-
culated according to published formula: TyG= In [fasting
TG (mg/dL) x FPG (mg/dL)/2]."®

The formula of LAPI: (1) males: LAPI = (WC-65)
xTG; (2) Females: LAPI = (WC-58) xTG."
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Definitions of CKD

The CKD was diagnosed by following criteria: estimated
glomerular filtration rate (¢GFR) <60 (mL/min per 1.73
m?2) or urinary albumin-to-creatinine ratio (ACR) >30 mg/
g. A formula from the Chinese-Modification of Diet Renal
Disease (C-MDRD) study was used to calculate the esti-
mated glomerular filtration rate (¢GFR): GFR (mL/min/
1.73 m2) = 175 x (Scr) "***x (Age) *'"x (if female, x
0.79).292!1

Statistical Analysis

SPSS software (version 20) was used to analyze data and
a two-tailed p-value <0.05 was considered statistically
significant. Normally distributed continuous variables
were expressed as mean (standard deviation) and the
t-test was performed to compare the differences of means
between the groups. Continuous variables that did not
show normal distribution would be presented as Median
and interquartile range and the Wilcoxon test was used for
comparison of differences in the medians. The categorical
variables were expressed as absolute and percentiles or
proportion. The chi-square (¥2) test was conducted to
compare the categorical variables. Binomial Logistic
regression models were performed to assess the relation-
ship between CKD and the three novel indicators of visc-
eral adiposity index (VAI), Triglycerides-glucose index
(TyG), the lipid accumulation product index (LAPI). To
amplify the association between novel indicators and
CKD, both males and females were transformed into four
groups based on the quartiles of VAL, TyG, LAPI in the
binomial logistic regression analysis. Subjects in quartile
one considered as the reference group. A two-sided test in
which a P-value of 0.05 was considered to be a statistically
significant level was used. Two models were generated:
Modell adjust for age, education, physical activity, smok-
ing, drinking; model two adjust for age, education, physi-
cal activity, smoking, drinking, systolic pressure, diastolic
pressure, high-sensitivity C reactive protein, VLDL-C,
LDL-C, TC. A receiver operating characteristic (ROC)
curve analysis which was quantified by the area under
the ROC curve (AUC) was used to evaluate the value of
the novel indicators for predicting CKD by comparing the
area under the ROC curve (AUC). The optimal cutoff
points of those three new indicators were determined by
Youden’s index which can be calculated as (sensitivity
+specificity-1).

Results

A total of 2720 participants (1002 males and 1718
females) were included in this study, the prevalence of
CKD was 16.97% in males and 15.60% in females. The
basic characteristics of the participants are shown in Table
1. According to Table, in males, the mean age and educa-
tion status, history of hypertension and diabetes, physical
inactivity were higher in CKD patients. The females
showed the same results compared to the subjects without
CKD. For anthropometric measurements, both males and
females with CKD had lower height together with higher
(WO,
index (BMI), systolic blood pressure, diastolic blood pres-

weight, waist circumference body mass
sure. Additionally, for laboratory assays, significant differ-
ences were found in fasting plasma glucose (FPQG),
triglyceride (TG), total cholesterol, high-density lipopro-
tein (HDL), low-density lipoprotein (LDL), very-low-
density lipoprotein (VLDL), hypersensitive C-reactive
protein (hs-CRP) in patients with CKD, furthermore,
ACR, LAPI, TyG, VAI also were larger than subjects
without CKD, while eGFR was in a lower level in CKD
subjects. Unexpectedly, this study did not find a significant
association between current smoking and drinking with
CKD. Individuals may have changed their lifestyle after
being diagnosed with CKD.

Multivariate logistic regression models were performed
to analyze the association between three novel indices
(LAPI, VAL, TyG) quartiles with CKD (Table 2). After
adjustment for age, education, physical activity, smoking,
drinking (Model 1), males in the 4th of LAPI, TyG, VAI
had 2.87-, 3.65-, 2.50-fold increased risk of CKD than
those in the 1st quartiles (P<0.001). Females in the 4th
of LAPI, TyG, VAI had 2.45-, 3.50-, 2.13-fold increased
risk of CKD. While further controlling for BMI, waist
circumference, systolic pressure, diastolic pressure, high-
sensitivity C reactive protein, HDL-C, VLDL-C, LDL-C,
TC, only TyG had significant ORs of the presence of CKD
(OR: 2.81, 95% CI, 1.25-6.30). In females, TyG also had
the higher ORs (OR: 3.22, 95% CI, 1.56-6.61) than other
novel indices when comparing the top quartile with the
bottom quartile. In total, TyG showed the largest associa-
tion with CKD in both males and females in the multi-
variable-adjusted model. (Model 2)

The relative abilities of three novel indexes to identify
patients with CKD are compared in Table 3. The abilities
of novel indices for predicting CKD were the same in both
genders. TyG had the highest AUC (AUC=0.618) in three
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Table | Baseline Characteristics of the Study Population

Males (n=1002) Females (n=1718)
Parameters CKD (-) CKD (+) P CKD (-) CKD (+) P
(n=832, 83.03%) | (n=170, 16.97%) (n=1450, 84.40%) | (n=268, 15.60%)
Age (years) 54.0 (14.4) 63.9 (12.6) <0.001 | 52.7 (13.7) 63.6 (13.4) <0.001
Education (high school or above, n (%)) | 395 (47.5%) 59 (34.7%) <0.01 512 (37.0%) 43 (17.1%) <0.001
History of hypertension, n (%) 204 (24.5%) 100 (59.2%) <0.001 | 280 (19.3%) 135 (50.4%) <0.001
History of diabetes, n (%) 56 (6.7%) 35 (20.7%) <0.001 | 93 (6.4%) 43(16.0%) <0.001
Physical activity, n (%) 463 (55.6%) 101 (59.4%) 0.37 797 (56.0%) 173 (64.8%) 0.008
Current smoking, n (%) 270 (32.5%) 53 (31.2%) 0.75 13 (0.9%) 1 (0.4%) 0.39
Current alcohol use, n (%) 115 (13.8%) 25 (14.7%) 0.76 13 (0.9%) 1 (0.4%) 0.38
Height (cm) 166.66 (6.52) 165.30 (5.96) 0.012 155.41 (5.86) 153.06 (6.59) <0.001
Weight (kg) 67.18 (10.39) 68.69 (10.94) 0.088 56.68 (8.59) 58.75 (9.95) <0.001
Waist circumference (cm) 87.54 (9.43) 91.08 (9.83) <0.001 | 81.23 (9.67) 86.80 (10.20) <0.001
BMI (kg/m?) 24.15 (3.32) 25.07 (3.53) <0.001 | 23.45 (3.35) 25.05 (4.05) <0.001
Systolic blood pressure (mmHg) 132.87 (18.15) 144.98 (18.80) <0.001 | 129.20 (34.77) 145.55 (21.71) <0.001
Diastolic blood pressure (mmHg) 83.03 (11.00) 86.82 (12.04) <0.001 | 78.84 (10.46) 84.04 (11.60) <0.001
Fasting plasma glucose, mmol/L 5.16 (1.18) 5.95 (2.24) <0.001 | 5.06 (0.96) 5.84 (1.85) <0.001
Triglyceride, mmol/L 1.69 (1.09) 1.96 (1.23 <0.001 | 1.38(0.78) 1.74 (0.99) <0.001
HDL-C, mmol/L 1.37 (0.29) 1.36 (0.35 0.62 1.60 (0.32) 1.53 (0.34) <0.001
LDL-C, mmol/L 3.11 (0.90) 3.23 (1.00 0.13 3.20 (0.91) 3.45 (0.98) <0.001
VLDL-c mmol/L 0.76 (0.47) 0.89 (0.56 0.005 0.62 (0.35) 0.78 (0.44) <0.001
Total cholesterol, mmol/L 5.25 (0.99) 5.48 (I.11 <0.01 5.43 (1.06) 5.76 (1.12) <0.001
hypersensitive C-reactive protein, mmol/L | 1.24 (0.55,2.57) 1.86 (0.82, 3.43) <0.001 | 1.18(0.40,2.26) 1.94(0.89,3.81) <0.001
eGFR (mL/min/1.73 m2) 88.59 (16.95) 73,49 (26.76) <0.001 | 100.97 (19.89) 85.69 (25.12) <0.001
ACR (mg/g) 7.42 (4.77,11.35) 44.88(30.48,87.47) | <0.001 | 9.77 (6.71,14.67) 48.60 (34.99,90.83) | <0.001
LAPI (cm ‘mmol/L) 40.42 (33.90) 53.73 (41.80) <0.001 | 34.27 (27.33) 52.40 (36.76) <0.001
VAI 1.38 (0.88,2.14) 1.67 (1.11,2.55) <0.001 | 1.38(0.94,2.17) 2.00 (1.19,3.04) <0.001
TyG 8.68 (0.59) 8.94 (0.63) <0.001 | 8.49 (0.54) 8.83 (0.60) <0.001

Abbreviations: VAI, visceral adiposity index; LAPI, lipid accumulation product index; TyG, product of triacylglycerol and glucose; eGFR, the estimated glomerular filtration

rate; ACR, urinary albumin-to-creatinine ratio.

novel makers in males, followed by LAPI (AUC=0.607),
VAI (AUC=0.586) (Figure 1). The optimal cut-off value of
TyG based on the Youden index was 8.74. TyG and LAPI
both showed better accuracy for predicting CKD
(AUC=0.670) than VAI (AUC=0.636) in females (Figure
2), the optimal cut-off value of TyG and LAPI were 8.59
and 37.49 cm*mmol/L. Furthermore, the united models for
predicting CKD were built in both males (including age,
systolic pressure, high-sensitivity C reactive protein, TyG)
and females (including age, diastolic pressure, VLDL-C,
high-sensitivity C reactive protein, TyG). The abilities of
the united model for predicting CKD (males AUC: 0.753
and females AUC: 0.773) were stronger than a single
novel indicator. For the three indices assessed, the AUC
and Youden index of TyG, VAI, LAPI based on the ROC
curve were all higher in females than males, which means
these three novel indices were more significantly capable
of predicting CKD in females than males.

Discussion

In this population-based cross-sectional study, we explored
and analyzed the potential association between TyG,
LAPI, VAI and CKD in the Chinese southern population.
The main aim of this study was to investigate which
surrogate maker was better to predict CKD. To our knowl-
edge, there has been no relevant literature that confirms
and compares a significant correlation between three novel
indices and CKD so far. We found that TyG, LAPI, VAI all
have a strongly positive relationship with CKD in both
males and females. But only TyG and LAPI remained
significant in males or TyG in females, after adjustment
for blood pressure, high-sensitivity C reactive protein,
VLDL-C, LDL-C, TC.

Recently, several previous epidemiologic studies have
found that obesity and CKD were positively connected,
especially visceral obesity (VAT). Obesity as a focus of
growing attention has been associated with CKD, even in
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Table 2 Multivariate Logistic Regression Analysis Showing Independent Predictors of CKD
Indices Males Females
Model | Model 2 Model | Model 2
OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P
LAPI
QI (reference) | | | |
Q2 1.02(0.58-1.79) 0.930 0.85(0.44—1.66) 0.649 0.96(0.59-1.57) 0.895 0.65(0.37-1.14) 0.135
Q3 1.73(1.03-2.90) 0.037 1.25(0.56-2.78) 0.581 1.22(0.77-1.94) 0.383 0.63(0.32-1.23) 0.178
Q4 287(1.73-474) | <0001 | 1.81(0.62-524) | 0272 | 2.45(1.57-3.81) | <0.00 | 0.86(0.34-2.19) | 0.764
P for trend <0.001 0.188 <0.001 0.700
TyG
QI (reference) | | | |
Q2 1.85(0.97-3.52) 0.060 1.76(0.89-3.46) 0.102 1.56(0.95-2.56) 0.750 1.37(0.81-2.31) 0.241
Q3 2.07(1.12-3.80) 0.019 1.90(0.96-3.76) 0.065 1.90(1.17-3.07) 0.009 1.62(0.92-2.85) 0.094
Q4 3.65(2.04-6.52) <0.001 2.81(1.25-6.30) 0.012 3.50(2.20-5.56) <0.001 3.22(1.56-6.61) 0.001
P for trend <0.001 0.018 <0.001 0.003
VAI
QI (reference) | | | |
Q2 1.40(0.81-2.40) 0.224 1.31(0.71-2.49) 0.371 0.82(0.49-1.35) 0.442 0.64(0.36-1.12) 0.123
Q3 2.20(1.33-3.62) 0.002 1.92(0.95-3.86) 0.067 1.49(0.94-2.37) 0.089 0.95(0.51-1.76) 0.872
Q4 2.50(1.51-4.14) <0.001 2.01(0.75-5.36) 0.164 2.13(1.37-3.32) 0.001 1.11(0.49-2.52) 0.797
P for trend <0.001 0.089 <0.001 0.473

Note: Modell adjust for age, education, physical activity, smoking, drinking. Model2 adjust for age, education, physical activity, smoking, drinking, BMI, waist circumference,
systolic pressure, diastolic pressure, high-sensitivity C reactive protein, VLDL-C, LDL-C, HDL-C, TC.
Abbreviations: VA, visceral adiposity index; LAPI, lipid accumulation product index; TyG, product of triacylglycerol and glucose; CKD, chronic kidney disease.

Table 3 The Areas Under ROC Curve (AUC), Sensitivity and Specificity by the Optimized Cut-off Points for Novel Indices in

Predicting CKD

Risk Factors AUC Cut-Off Value Youden’ Index Sensitivity Specificity
Male
VAI 0.586 (0.539-0.632) 1.21 0.163 0.729 0.434
TyG 0.618 (0.572-0.664) 8.74 0.182 0.594 0.588
LAPI 0.607 (0.560-0.654) 36.83 0.211 0.635 0.576
United predicted Model | 0.753 (0.713-0.792) 0.22 0.398 0.598 0.800
Female
VAI 0.636 (0.600-0.673) 1.88 0.228 0.541 0.686
TyG 0.670 (0.636—0.705) 8.59 0.275 0.654 0.621
LAPI 0.670 (0.634-0.705) 37.49 0.274 0.598 0.676
United predicted Model 2 0.773 (0.741-0.806) 0.17 0.451 0.720 0.732

Notes: United predicted model | includes age, systolic pressure, high-sensitivity C reactive protein, TyG. United predicted model 2 includes age, diastolic pressure, VLDL-

C, high-sensitivity C reactive protein, TyG.

Abbreviations: VAI, visceral adiposity index; LAPI, lipid accumulation product index; TyG, product of triacylglycerol and glucose; CKD, chronic kidney disease; AUC, area

under the ROC (receiver operating characteristic) curve.

the early stage of mild renal function damage.®**

Although the mechanisms that adiposity affect CKD are
not entirely clear, insulin resistance may play a critical role
in the progress of CKD. VAT is a hormonally active fat
tissue that can take part in the progress of glucose

metabolism.>>?® VAT also has been correlated with the
decline of eGFR and type 2 diabetes.’” *° Accumulation
of fat tissues in ectopic tissues may contribute to insulin
resistance, hypertension.*”

Additionally,

compression
VAT also

of kidney,

can induce obesity-related
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Figure | ROC curve analysis of the value of TyG, LAPI, VAI, united predicted model for predicting CKD in males.

subclinical inflammatory changes, such as increased pro-
duction of interleukin-6, tumor necrosis factor-o. and
C-reactive protein, which can precede the pathogenesis
of CKD’' and abnormal activity of inflammation may
result in disturbances in the insulin signaling pathway,
insulin

insulin substrate 1,

32,33

inactivate receptor

resistance and interferences in kidney function and
structure such as increased albuminuria.** Many previous
studies have shown that insulin resistance is an early
metabolic complication and can occur in different stages
or types of kidney diseases, such like the early stage of
CKD, Immunoglobulin A nephropathy or polycystic kid-
ney diseases.>**

Accordingly, recognition of VAT and insulin resistance
can have effective and clinical value to identify patients
who have the potential risk of renal function damage. The

current “gold standard” for measuring insulin resistance is

hyper insulinemic euglycemic clamp test, which is incon-
venient and expensive’ and researchers also proposed
HOMA-IR to estimate insulin sensitivity, but HOMA-IR
requires measurement of insulin, which is not always
available.® The current “gold standard” for quantifying
VAT is image technique, such like CT and MRI, but the
cost is too high to use in the clinical settings and the
radiation exposure is another disadvantage of image
technique.®® In this condition, simple and conveniently
surrogate indices of VAT and insulin resistance are needed.
The three novel metabolic indices VAL, LAPI, TyG have
been proposed as markers of visceral adipose function and

9,40

insulin resistance and have been linked to cardiometa-

bolic diseases,” impaired fasting glucose,'? discrimination

of prediabetes and diabetes,'*'* metabolic syndrome'> and
16,17

Chronic Kidney Disease in a cross-sectional study.

VAI which combines both anthropometric and metabolic
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Figure 2 ROC curve analysis of the value of TyG, LAPI, VAI, united predicted model for predicting CKD in females.

variables was firstly developed by Marcos amato and his
team, their results showed that VAI is a valuable index of
visceral adipose function.” In a recent Korean population
study, VAI was confirmed that can replace visceral CT
scanning as a maker for adiposity dysfunction and lipid
overaccumulation.*' LAPI includes WC and TG, similarly
to VAL and also is an effective marker for identifying
excessive lipid accumulation and metabolic obesity and
correlate with metabolic syndrome.**** Whereas TyG
includes only metabolic variables (FPG and TG), and
have been suggested as a biomarker of glycemic control,
even better than HOMA-IR.* Dyslipidemia and hypergly-
cemia are 2 basic mechanisms of insulin resistance[50].
When insulin resistance develops, the amount of fatty
acids increases due to the enhancement of lipolysis and
increased flux of free fatty acids into the liver cause
of hepatic triglyceride, forming

elevated synthesis

45,46

also regulates

hypertriglyceridemia. Insulin the
expression and translocation of glucose transporters in
different types of tissues. When insulin resistance devel-
ops, insulin insensitivity leads to the accumulation of
glucose in the bloodstream, causing hyperglycemia.*’
Thus, based on the above theory, TyG which estimate
insulin resistance by evaluating both blood triglyceride
and glucose level has potential value to predict the devel-
opment of insulin resistance.*®

In our study, VAI, LAPI, TyG showed a significant
association with incident CKD both in males and females
after adjustment for age, education, physical activity,
smoking, drinking. However, when adding BMI, waist
circumference, blood pressure, high-sensitivity C reactive
protein, HDL-C, VLDL-C, LDL-C, TC to the model, there
was a strong correlation between only TyG and CKD. As
it is well known, waist circumference, blood pressure,
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HDL-C are parts of the diagnostic criteria of metabolic
syndrome and TyG still showed strong predictive value
after adjusting for these metabolic factors. According to
the ROC curve, TyG showed the greater AUC in both
males (AUC=0.618; 95% CI, 0.572-0.664) and females
(AUC=0.670; 95% CI, 0.636-0.705), and LAPI also
revealed greater AUC in females (AUC=0.670; 95% CI,
0.634-0.705). And we also found unite TyG and other
traditional factors such as age, blood pressure, inflamma-
tory factors can improve the accuracy for predicting CKD.
These three novel indices seemed to be more valuable in
females for predicting CKD. There are several studies
found that the correlation between VAT and TG was
greater in females than in males*® and the greater associa-
tion between VAT and adverse metabolic outcome among
females has been suggested.’>>' The mechanisms under-
lying gender-specific differences are not known. Different
sex hormones might act on the fat distribution which
subsequently affects the association between obesity and
CKD.>

In conclusion, the novel combined metabolic index
TyG was superior to LAPI and VAI in association with
CKD, and TyG might be a useful clinical indicator of
CKD in the Chinese population, which is more valuable
in females. Our study also proved the association between
insulin resistance and renal damage and emphasized the
importance of simultaneous control of blood glucose and
lipids in the progression of CKD.

There are several limitations to this study. Firstly, this
is a retrospective single-center cross-sectional study, the
analysis of the causative effect of TyG, VAI, LAPI on
CKD is limited. Secondly, another limitation of this
study is the absence of other inflammation biomarkers
and cytokines. Thirdly, the sample size of this study was
relatively small and the sample size of males is smaller
than females. Additionally, the particular TyG, VAL, LAPI
cut-off points cannot use in other racial groups.
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