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ABSTRACT
Objective: Previous study have shown that lipid accumulation product (LAP), visceral adiposity
index (VAI), triglyceride/high-density lipoprotein cholesterol ratio (TG/HDL-C) and triglycerides/
glucose index (TyG index) could be simple clinical indicators of insulin resistance (IR) based on
anthropometric and/or biochemical parameters. However, the rational and preferred surrogate
marker of IR in different population has yet to be validated. The aim of this study was evaluat-
ing the practicability of the LAP, VAI, TG/HDL-C, and TyG in predicting IR in middle-aged
Chinese population.
Methods: A cross-sectional study was conducted in 569 Chinese participants (mean age was
48.5; man 67.7%), and each participant completed a questionnaire survey, anthropometric meas-
urement, and biochemical testing. One-way ANOVAs, Chi-squared test, Pearson’s correlation, and
multiple logistic regression were used to evaluate the association between VAI, LAP, TG/HDL-C,
and TyG with IR. To correctly discriminate individuals with insulin resistance, a receiver operating
characteristic (ROC) analysis was conducted for each evaluated variable and the overall diagnos-
tic accuracy was quantified using the area under the ROC curve (AUC). The AUC of evaluated
variables were compared using a nonparametric approach. The optimal cut-off points were
determined by the Youden’s index, and the corresponding sensitivity and specificity
were provided.
Results: Significant positive correlation was identified between HOMA-IR with TG/HDL-C
(r¼ 0.306), VAI (r¼ 0.217), LAP (r¼ 0.381), and TyG (r¼ 0.371), respectively (all p< .001). After
adjustment for potential confounders of IR, compared with the lowest tertiles, odds ratio (95%
CI) having IR in the highest tertiles of TG/HDL-C, VAI, LAP and TyG were 6.07 (2.89–12.71), 10.89
(4.37–27.13), 4.68 (2.00–10.92), and 12.20 (5.04–29.56). The area under ROC curves to predict
HOMA-diagnosed IR was 0.773 for TG/HDL-C, 0.767 for VAI, 0.806 for LAP, and 0.800 for TyG,
respectively. Among those, LAP showed the greatest value of AUC [0.806 (0.763–0.850)] and
highest specificity (0.804).
Conclusion: Compared with other indicators, the LAP and TyG are simple, relatively accurate,
clinically available surrogate markers of insulin resistance in middle-aged population in Hefei,
China. Among 4 evaluated parameters, the LAP have the highest specificity and the TyG have
the highest sensitivity.

KEY MESSAGES

� LAP and TyG could be used as simple and alternative methods to identify the individuals at
risk for insulin resistance.

� LAP and TyG have relatively high predictive ability in diagnosis of IR compared with VAI and
TG/HDL-C.

� No significant difference is observed between LAP and TyG in the ability of predicting insu-
lin resistance.

Abbreviations: TG/HDL-C: Triglyceride-to-HDL cholesterol ratio; LAP: lipid accumulation product;
VAI: visceral adiposity index; TyG index: triglycerides/glucose index; IR: insulin resistance
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Introduction

Insulin resistance (IR) refers to the decline in the effi-
ciency of insulin promoting glucose uptake and utiliza-
tion for various reasons, and the body’s compensatory
secretion of excessive insulin produces hyperinsuline-
mia to maintain the stability of blood glucose [1]. It is
widely known that IR is a major risk factor for type 2
diabetes mellitus (T2DM) and cardiovascular disease
(CVD), and closely associated with other metabolic
abnormalities [2–4]. These metabolic abnormalities
contribute to the development of chronic non-com-
municable diseases worldwide.

On account of the clinical complexity, expensive
equipment, and ethical reasons of hyperinsulinemic
euglycemic glucose clamp (HEGC), which was origin-
ally developed by Defronzo [5] and regarded as the
gold standard for measuring IR, homeostatic model
assessment of insulin resistance (HOMA-IR) has been
used as an alternative tool for defining IR [6].
However, fasting plasma glucose and fasting insulin
were included for the calculation of HOMA-IR [6], and
the measurement of insulin was limited due to its rela-
tive high cost in clinical practice. Consequently,
actively searching for a simple, robust surrogate and
cost-efficient biomarker to predict IR before the mani-
festation of clinical disease is of great importance.

Recently, several novel and easy-to-obtain tools for
predicting IR were conceived. Triglyceride/high-density
lipoprotein cholesterol ratio (TG/HDL-C), a simple
marker deriving from two routine lipid parameters,
has been shown to have the ability to predict IR and
the risk of cardiovascular disease in non-diabetic indi-
viduals [7–9]. In addition, TG/HDL-C ratio could help
clinicians to discriminate patients who are not only IR
but also display the characteristic of dyslipidemia [10].
Visceral adiposity Index (VAI), a mathematical model
based on anthropometric (body mass index (BMI),
waist circumference (WC)) and biochemical parameters
(TG and HDL-C), has been suggested to indirectly
reflect visceral fat function [11]. Several researches
have also reported that VAI could be used as a novel
indicator of health-related outcomes such as cardio-
metabolic diseases and T2DM as well as IR [11–13].
Furthermore, it is well recognised that triglycerides/
glucose index (TyG index), a product from the fasting
levels of triglycerides and glucose, has high sensitivity
for recognizing insulin resistance in apparently healthy
subjects, compared with the HOMA-IR index [14]. TyG
index has presented promising results as surrogate
marker for the assessment of IR in some studies
[14,15]. The superiority of the TyG index in identifying
IR was also reported in many other studies [16,17].

Likewise, Lipid accumulation product (LAP), composed
of WC and TG, was presented as a simple and effect-
ive tool for lipid over accumulation among adults by
Kahn et al. [18]. LAP was designed for the U.S.
National Health and Nutrition Examination Survey, and
has shown better performance that of BMI for identify-
ing higher total cholesterol, low-LDL-C, uric acid levels,
higher total cholesterol/HDL-C and lower HDL-C levels
among US adults [18]. More recently, several studies
have suggested that LAP can used as a capable
marker of metabolic syndrome, IR and diabetes
risks [18–20].

In previous studies, these screening tools had ever
used as clinical marker of IR alone [7,12,14,19].
Nevertheless, there could be difference in the ability
to predict IR in different ethnic populations. To date,
data for direct comparison of the four indicators to
predict HOMA-diagnosed IR in different population by
age and sex are limited. Hence, we aimed to deter-
mine a relatively superior marker associated with IR in
a middle-aged population in Hefei, China.

The purposes of this study are as follows: (1) To
assess the ability of TG/HDL-C, VAI, TyG, and LAP for
strength and independence as predictive signs for IR;
(2) To evaluate the diagnostic accuracy of TG/HDL-C,
VAI, TyG, and LAP in identifying IR in different popula-
tion by age and sex, and then compared.

Subjects and methods

Study population

We conducted a cross-sectional study from November
2019 to January 2020 in Hefei city, Anhui Province,
China. A total of 743 subjects aged 40–60 years who
work in Anhui Hong Sifang Co. Ltd, China Salt Group
(CNSG), were invited to the Hongguang Community
Health Service Centre for a physical examination.
Participants were interviewed face to face by trained
investigators using structured questionnaires which
included information on educational attainment, cigar-
ette smoking and drinking status, histories of current
and previous illness, and medical treatment. Inclusion
criteria were long-term residents of local districts aged
�40 years, no serious mental illness and participants
volunteered to participate in the survey. A total of 174
individuals were excluded because of incomplete
information about their physical examination or
laboratory assessments. Finally, 569 subjects were
enrolled in the final analysis.

Hong Sifang Cohort was established in CNSG Anhui
Hong Sifang Co., Ltd. which is a large scale state
owned chemical industry. We aimed to explore the
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relationship between exposure to environmental pol-
lutants, life-style factors, and chronic cardiometabolic
diseases. Data of this study came from baseline survey
of Hong Sifang Cohort. All participants volunteered for
the study, and all the respondents signed informed
consent. This study was reviewed by the Ethics
Committee of Anhui Medical University.

Anthropometric

Height and weight were measured twice, and the aver-
age value was taken when the subjects were barefoot
and wearing light indoor clothing. Body mass index
(BMI) was calculated by dividing body weight (in kilo-
grams) by the square of height (in meters). At the end
of the exhalation, waist circumstance (WC) was meas-
ured with a non-elastic tape at the midpoint between
the bottom of the chest cavity and the top of the iliac
crest. The trained nurse measured blood pressure twice
with a mercury sphygmomanometer. Normally, the
measurement was carried out in a sitting position after
the subjects rested for at least 10min. Thereafter, the
mean of the two measurements was determined as the
blood pressure of the subject. Body composition was
measured with Inbody570 body composition analyzer
(Inbody.co.Ltd, Seoul, Korea).

Biochemical measurements

The night before the blood was collected, participants
were asked to fast for at least 12 h. 20ml fasting ven-
ous blood were collected by nurses in the physical
examination centre, and centrifugation was completed
in 2 h. We used serum for biochemical measurements,
and all measurements were completed in 24 h. Fasting
blood glucose, triglycerides, total cholesterol, low-
density lipoprotein cholesterol, high-density lipopro-
tein cholesterol and other biochemical indicators were
detected with Hitachi 7180 automatic biochemical
analyzer (Hitachi, Tokyo, Japan). Fasting insulin con-
centration was measured using the radioimmunology
assay (Gamma counter XH-6020, Hefei, China).

Definitions

Smoking is defined as at least one cigarette a day for
more than 6 months, and drinking was defined as at
least three times a week for more than six months
[21]. Homeostatic model assessment of insulin resist-
ance was calculated using the following formula:
HOMA-IR¼ insulin (mU/L)�fasting glucose (mmol/L)/
22.5 [22]. IR was defined as HOMA-IR >2.69, based on

an epidemiology survey conducted in China [23].
Referring to the physical activity assessment methods
in the United States, the physical activity levels for
each participant were measured as metabolic equiva-
lent in hours per week (MET-h/week) in which differ-
ent intensities of physical activities were assigned to
corresponding MET levels [24].

The following insulin resistance indexes were calcu-
lated according to the published formula: TG/HDL-C as
the ratio of serum triglycerides and high-density lipo-
protein cholesterol [7]; VAI as [WC (cm)/39.68 þ
(1.88� BMI)]� [TG (mmol/L)/1.03]� [1.31/HDL-C
(mmol/L)] for men and [WC (cm)/36.58 þ
(1.89� BMI)]� [(TG (mmol)/0.81]� [1.52/HDL-C (mmol/
L)] for women [11]; LAP as [(WC (cm) � 65)�TG
(mmol/L)] for men and [(WC (cm) � 58) � TG (mmol/
L)] for women [18]. And TyG index was calculated as
Ln [fasting triglycerides (mg/dL) � fasting glucose
(mg/dL)/2] [14].

Central obesity was defined as according to waist
circumference �90 cm for men and waist circumfer-
ence �80 cm for women, according to the recommen-
dations of the International Diabetes Federation for
Asians [25]. Based on the recommended standards for
Chinese adults, BMI (kg/m2) was divided into 4 catego-
ries: underweight: 18.5; normal weight: 18.5�23.9;
overweight: 24.0�27.9; obesity: 28 and above [26].
Hypertension was defined as the level of systolic
blood pressure �140mmHg or/and diastolic blood
pressure level �90mmHg or being medically treated
now [27].

Statistical analysis

Continuous variables were described by means and
standard deviations (SD), or medians and interquartile
ranges for variables that do not follow normal distri-
bution through Kolmogorov-Smirov test. Categorical
variables were described by frequency. Differences in
general demographic and clinical characteristics
between IR group and non-IR group were compared
using student’s t-test or Mann-Whitney U test, respect-
ively, and the chi-square test was used for categorical
variables. Non-normally distributed variables were
log-transformed (natural logarithm) to approximate
normal distributions before conducting the linear
regression analyses.

Multivariate logistic regression analyses were per-
formed to assess the risk of insulin resistance, the four
indicators entered the regression model according to
their tertiles, respectively. The odds ratios (OR) and
the corresponding 95% confidence intervals (95%
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CI)were calculated. A receiver operating characteristic
(ROC) curve was used to evaluate the ability of TG/
HDL-C, VAI, LAP and TyG to correctly distinguish IR.
The diagnostic accuracy on predicting prevalent insu-
lin resistance was examined through area under the
receiver operating characteristic curve (AUC) with 95%
CIs. Differences between the AUC of evaluated varia-
bles were performed with a nonparametric approach
(DeLong test) [28]. The drawing of ROC curve and
comparisons of AUCs were achieved according to
MedCalc program. The optimal cut-off points of sex-
and age-specific were determined by the Youden’s
index (YI) [29], which was calculated according to the
corresponding sensitivity, specificity for each marker.

All statistical analyses were performed by using
SPSS software (version 24.0, applicable to windows
SPSS, Chicago, Illinois, USA). The significance level was
set at p< .05.

Results

Among the 569 participants, the average age was
48.3 years and 67.7% were men, and 115 (20.2%) were
diagnosed as insulin resistance. Table 1 showed the
general demographic and clinical characteristics of the
study population related to insulin resistance. The lev-
els of SBP, DBP, waist circumference, waist-to-hip ratio,
BMI, and body fat content of IR group were signifi-
cantly higher than non-IR group (all p< .001). In terms
of biochemical indicators, significantly higher fasting
insulin, fasting plasma glucose, TC, TG, LDL-C, TG/HDL-
C, VAI, LAP and TyG, and lower HDL-C were observed
in IR group compared with non-IR group (all p< .001).
There were no significant differences between IR and
non-IR group in financial income, smoking status,
drinking status and educational attainment and phys-
ical activity.

Table 1. Characteristics of the participants according to IR.
Variables Non-insulin resistance Insulin resistance P Value

N (%) 454 (79.8) 115 (20.2) –
Age (years) 48.3 ± 4.7 49.2 ± 5.2 .067
Male [n (%)] 300 (66.1) 85 (73.9) .066
Educational attainment (%)

Middle or less than middle 99 (21.8) 28 (24.3) .591
High school 297 (65.4) 76 (66.1)
College or above college 58 (12.8) 11 (9.6)

Per capita income, [CNY/year, %]
�10,000 49 (10.8) 13 (11.3) .516
10,000–30,000 85 (18.7) 25 (21.7)
30,000–60,000 210 (46.3) 54 (47.0)
�60,000 110 (24.2) 23 (20.0)

Current smoker [n (%)] 157 (34.6) 37 (32.2) .496
Current drinker [n (%)] 102 (22.5) 26 (22.1) .466
Physical activity (MET-h/week) 102.9 (11.2–20.1) 108.5 (11.0–19.7) .751
WC (cm) 85.6 ± 7.8 94.0 ± 8.4 <.001
WHR 0.88 ± 0.06 0.94 ± 0.06 <.001
BMI (kg/m2) 23.54 ± 2.58 26.63 ± 3.15 <.001
SBP (mmHg) 132.9 ± 16.9 143.7 ± 17.6 <.001
DBP (mmHg) 82.7 ± 10.8 89.2 ± 9.8 <.001
Body fat mass (kg) 16.8 (13.6–20.7) 22.1 (18.4–25.4) <.001
Fat % 25.2 (21.7–29.5) 29.7 (25.8–32.9) <.001
FPG (mmol/L) 5.00 (4.69–5.31) 5.65 (5.21–6.70) <.001
Fasting insulin (mIU/ml) 45.23 ± 17.38 110.25 ± 71.88 <.001
HOMA-IR 1.39 (1.01–1.81) 3.43 (2.91–4.28) <.001
TG (mmol/L) 1.17 (0.83–1.69) 2.09 (1.46–3.24) <.001
TC (mmol/L) 4.84 ± 0.86 5.22 ± 1.12 <.001
HDL-C (mmol/L) 1.38 (1.18–1.62) 1.18 (1.05–1.29) <.001
LDL-C (mmol/L) 2.67 (2.25–3.13) 2.81 (2.43–3.37) <.001
TG/HDL-C ratio 0.86 (0.56–1.32) 1.88 (1.18–2.89) <.001
TyG 8.46 (8.12–8.86) 9.17 (8.76–9.74) <.001
VAI 2.22 ± 2.76 4.60 ± 4.09 <.001
LAP 27.45 (17.41–43.86) 61.89 (36.90–107.58) <.001
History of diabetes [n (%)] 52 (11.5) 15 (13.0) .370
Medication useda, [n (%)] 32 (7.0) 15 (13.0) <.001

Note: Data are expressed as mean ± standard deviation or median (interquartile range) and frequency (percentage) as appro-
priate; P values are for the Student’s t-test, Mann–Whitney test and v2 analyses across the groups.
CNY: China Yuan (1CNY ¼ 0.155 USD); WC: waist circumference; WHR: waist-to-hip ratio; BMI: body mass index; SBP: systolic
blood pressure; DBP: diastolic blood pressure; FPG: fasting plasma glucose; HOMA-IR: homeostasis model assessment of insu-
lin resistance; TG: triglycerides; TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipopro-
tein cholesterol; TyG: triglycerides/glucose index; VAI: visceral adiposity index; LAP: lipid accumulation product; TG/HDL-C:
triglyceride-to-HDL cholesterol ratio, respectively.
aIndicating any self-reported medication used in the past 2 weeks.
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The results of correlation analyses indicated that
TG/HDL-C, VAI, LAP and TyG were all significantly cor-
related with fasting insulin, fasting plasma glucose,
and HOMA-IR index (all p< .001). After further adjust-
ing for age and sex, we found that this correlation still
existed (all p< .001). As shown in Table 2, LAP was
the most strongly correlated with fasting insulin
(b¼ 0.390, p< .001) and HOMA-IR (b¼ 0.385, p< .001),
whereas TyG was the most strongly correlated with
FPG (b¼ 0.480, p< .001).

We further studied the prevalence of insulin resist-
ance in the tertiles of four evaluated variables. As
shown in Figure 1, the prevalence of insulin resistance
increased greatly with the elevated tertiles of TG/HDL-
C, VAI, LAP and TyG (all p< .001). The comparative
ORs and 95% CI in the tertiles of each variable were
presented in Table 3. Among them, in the three mod-
els, TyG showed the strongest correlation with insulin
resistance, when the highest tertile was compared
with the lowest tertile across all logistic regression
models. Model 1 was unadjusted and Model 2
adjusted for age, sex and BMI for TG/HDL-c and TyG,
and only age and BMI for VAI and LAP. Despite adjust-
ing for a number of possible confounders (including
age, sex, BMI, WC, SBP, current smoker, current
drinker, educational attainment, physical activity level,
per capita income, medication treatment and history)
had weakened the association (model 3), there was
still statistically significance for 4 evaluated variables
(all p< .001), when the highest tertile was compared
with the lowest tertile. Subgroup analyses were con-
ducted to explore the increased risk of insulin resist-
ance with each tertile increase of evaluated
parameters in different subgroups (Table 4). Results
showed that there were still correlation between four
evaluated parameters and the increased risk of insulin
resistance across all stratified factors. (all p< .001).

ROC analysis of four evaluated indicators was per-
formed. As shown in Table 5, concerning the ability to
predict IR, LAP had the highest AUC (0.806
[0.763–0.850]), followed by TyG, TG/HDL-C and VAI,
with the AUCs ranging from 0.800 to 0.767 in the total
study population. The sensitivity (0.765) of TyG was

highest. On the contrary, LAP had the highest specifi-
city (0.804). Analyses stratified by age and sex (Figure
2–6) found that LAP and TyG showed higher diagnos-
tic values than TG/HDL-C and VAI (p< .05 for differ-
ence), whereas LAP showed no difference compared
with TyG between sex and age. The best diagnostic
performance of TyG was found in women when com-
pared with TG/HDL-C (0.877 [0.821–0.921] vs. 0.855
[0.795–0.902], p¼ .045) and VAI (0.877 [0.821–0.921]
vs. 0.855 [0.796–0.902], p¼ .048). Meanwhile, there is
no statistical significance compared with LAP.
Furthermore, results were observed that LAP showed
the optimal predictive power for IR both in study par-
ticipants younger than 48 years (AUC: 0.811
[0.761–0.854], p< .05), older than 48 years (AUC: 0.794
[0.741–0.840], p< .001), and men (AUC: 0.773
[0.728–0.814], p< .05).

Discussion

By exploring the usefulness of TG/HDL-C, VAI, LAP and
TyG as predictors of HOMA-diagnosed IR in middle-
aged Chinese population, we found that LAP and TyG
had better performance in predicting IR at sample-
specific optimal cut-off than TG/HDL-C and VAI, based
on the highest point estimated of AUC and YI. In spite
of lower predicting capability of LAP and TyG for IR,
they seemed to have better availability in identifying
IR, whereas TG/HDL-C and VAI showed a lower valid-
ity. It is noteworthy that these results emphasize the
possible influence of sex and age on the accuracy of
evaluated indicators.

LAP, calculated using WC and fasting TG levels, was
a robust tool to reflect central obesity and excessive
lipid accumulation. Furthermore, accumulating evi-
dence suggested that LAP could be used for the
assessment of insulin resistance, and was closely asso-
ciated with the development of DM, hypertension and
metabolic syndrome (MS) [30,31]. In this case, given
the higher AUC and YI, LAP presented relatively high
identification ability for IR, and the cut-off value for
men was 48.70 and 29.25 for women. Studies from dif-
ferent populations have reported the similar predictive

Table 2. Pearson’s correlation and multiple linear regression models of evaluated variables associated with metabolism indexes.
FINS (pmol/l) FPG (mmol/L) HOMA-IR index

r b P Value r b p Value r b P Value

Ln TG/HDL-C 0.303 0.317 <.001 0.264 0.234 <.001 0.306 0.311 <.001
Ln TyG 0.312 0.327 <.001 0.494 0.480 <.001 0.371 0.383 <.001
VAI 0.202 0.209 <.001 0.210 0.174 <.001 0.217 0.216 <.001
Ln LAP 0.380 0.390 <.001 0.299 0.274 <.001 0.381 0.385 <.001

Note: r: correlation coefficient; b: Standardised regression coefficient; Multiple regression analysis is adjusted for age and sex.
TyG: triglycerides/glucose index; VAI: visceral adiposity index; LAP: lipid accumulation product; TG/HDL-C: triglyceride/HDL cholesterol ratio; FPG: fasting
plasma glucose; FINS: fasting insulin; HOMA-IR: homeostasis model assessment of insulin resistance.
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Figure 1. The prevalence of IR by tertiles of TG/HDL-C, VAI, LAP and TyG.

Table 3. The risk of IR according to tertiles of evaluated variables.

Variables

ORs (95% CI)

Model 1 P Value Model 2 P Value Model 3 P Value

TG/HDL-C
T1 1.00 (reference) – 1.00 (reference) – 1.00 (reference) –
T2 2.35 (1.15–4.81) .019 1.56 (0.72–3.39) .263 1.57 (0.72–3.46) .261
T3 10.19 (5.31–19.58) <.001 6.15 (2.98–12.65) <.001 6.08 (2.90–12.73) <.001
P value for trend <.001 <.001 <.001

TyG
T1 1.00 (reference) – 1.00 (reference) – 1.00 (reference) –
T2 5.09 (2.18–11.89) <.001 4.20 (1.71–10.29) .002 4.06 (1.64–10.04) .002
T3 17.97 (8.01–40.35) <.001 13.04 (5.46–31.11) <.001 12.20 (5.04–29.56) <.001
P value for trend <.001 <.001 <.001

VAI
T1 1.00 (reference) – 1.00 (reference) – 1.00 (reference) –
T2 3.77 (1.74–8.18) .001 2.48 (1.09–5.61) .029 2.17 (0.93–5.05) .073
T3 13.53 (6.52–28.06) <.001 6.67 (3.08–14.41) <.001 6.80 (2.95–15.68) <.001
P value for trend <.001 <.001 <.001

LAP
T1 1.00 (reference) – 1.00 (reference) – 1.00 (reference) –
T2 3.05 (1.38–6.72) .006 1.56 (0.68–3.59) .293 1.49 (0.63–3.54) .357
T3 15.08 (7.28–31.25) <.001 5.37 (2.43–11.84) <.001 4.84 (2.08–11.27) <.001
P value for trend <.001 <.001 <.001

Note: Model 1 unadjusted. Model 2 adjusted for age and BMI for VAI and LAP, added sex for TG/HDL-C and TyG. Model 3 adjusted for age, BMI, WC,
SBP, current smoker, current drinker, educational attainment, physical activity level, per capita income and history of diabetes for VAI and LAP, added
sex further for TG/HDL-C and TyG.
OR: odds ratios; CI: confidence interval. TyG: triglycerides/glucose index; TG/HDL-C: triglyceride-to-HDL cholesterol ratio; VAI: visceral adiposity index; LAP:
lipid accumulation product.

Table 4. The risk of IR for 1-tertile increase of evaluated variables by sex, age, BMI.
ORs (95% CI)

TG/HDL-C P Value VAI P Value LAP P Value TyG P Value

Insulin resistance
Sexa

Men 2.74 (1.89–3.95) <.001 3.28 (2.17–4.95) <.001 2.44 (1.63–3.67) <.001 3.34 (2.27–4.92) <.001
Women 4.29 (1.89–9.73) <.001 5.12 (2.19–11.95) <.001 3.25 (1.39–7.58) <.001 7.80 (2.88–21.11) <.001
Ageb

<48 years 2.62 (1.51–4.54) <.001 3.71 (1.93–7.13) <.001 2.16 (1.17–2.96) <.001 3.66 (1.99–6.73) <.001
�48 years 3.72 (2.08–6.67) <.001 3.66 (1.99–6.72) <.001 3.19 (1.73–5.89) <.001 4.08 (2.24–7.44) <.001

BMIc

Normal 2.30 (1.35–3.93) <.001 1.97 (1.02–3.82) <.001 2.87 (1.63–5.04) <.001 2.46 (1.29–4.67) <.001
Overweight or obesity 4.02 (2.38–6.79) <.001 5.34 (2.91–9.81) <.001 3.71 (2.04–6.74) <.001 4.56 (2.64–7.86) <.001

Note: Data are ORs with 95% CI. a: adjusted for age, BMI, WC, SBP, current smoker, current drinker, educational attainment, physical activity level, per
capita income and history of diabetes; b: adjusted for sex, BMI, WC, SBP, current smoker, current drinker, educational attainment, physical activity level,
per capita income and history of diabetes; c adjusted for age, sex, WC, SBP, current smoker, current drinker, educational attainment, physical activity
level, per capita income and history of diabetes.
All variables were calculated for 1-tertile increasing of evaluated variables.
BMI: body mass index; TG/HDL-C: triglyceride-to-HDL cholesterol ratio; TyG: triglycerides/glucose index; VAI: visceral adiposity index; LAP: lipid accumula-
tion product, OR: odds ratios; CI: confidence interval, respectively.
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ability of LAP for IR. A study from Italy showed that
LAP was a more reliable discriminator of insulin resist-
ance in clinical settings (AUC: 0.728 [0.692–0.762]), and
had a stronger correlation with insulin compared with
TyG, TG/HDL-C and VAI [32], which is in accord with
our findings. In addition, a study conducted in Japan
found that these tested variables had stronger associ-
ation with IR in women than in men [33]. There is dif-
ference for the association between insulin resistance
and body fat distribution in different ethnic groups,
and in different age, sex population [34]. Further pro-
spective investigations are needed to explain
this concern.

TyG, exploited by Simental-Mendia et al. [14], is a
simple, available surrogate for identifying IR, and
showed an association with diabetes, hypertension,
non-alcoholic fatty liver disease and atherosclerosis
[35–38]. Previous study have showed that TyG is a
superior tool for discriminating individuals with IR
than VAI and LAP, and presented the greatest value of
AUC (0.709 in men, and 0.711 in women) [16].
However, in the present study, no significant differ-
ence was found compared with LAP. One of the
explanations may be the key mechanism of insulin
resistance consisting of glucotoxicity and lipotoxicities
[39,40]. Similar results were observed based on a
Japanese population, which provide the cut-off value

of TyG for men was 8.49 (AUC: 0.777 [0.746–0.807])
and 8.12 (AUC: 0.790 [0.737–0.843]) for women,
respectively. Moreover, a stronger association with
insulin resistance was observed in women than man
[33], which is consistent with our study. Separate lon-
gitudinal studies in men and women are necessarily
carried out on the capability of detecting IR for LAP
and TyG in future studies. In this case, the cut-off
value of TyG for men was 8.87, and the one for
women was 8.50.

In comparison with other traditional lipid parame-
ters, it has been reported that the sensitivity and spe-
cificity of TG/HDL-C to identify IR were almost the
same as that of fasting insulin concentration [7]. It
also seemed to be a better diagnostic tool in correl-
ation with prevalent insulin resistance due to the key
metabolic abnormalities consisting of hypertriglyceri-
daemia and low HDL-C in patients with IR [41,42]. In
addition, several studies have suggested that TG/HDL-
C could be used as a marker of cardio-metabolic dis-
ease and type 2 diabetes [8,43,44]. Nevertheless, when
it comes to comparisons of other surrogates of pre-
dicting IR, possible influence of visceral fat distribution
was not considered, which is reported to be closely
correlated with risk of impaired glucose metabolism
and diabetes. As a novel indicator to both assess vis-
ceral fat distribution and adipose tissue dysfunction,

Table 5. Comparison of predictive accuracy and cut-off values of TG/HDL-C, VAI, LAP, and TyG by age and sex
for the total sample.

AUC (95% CI) p Value Sensitivity Specificity Cut-off Youden Index

Overall
LAP 0.806 (0.763–0.850)b-c – 0.696 0.804 48.70 0.500
TyG 0.800 (0.757–0.844)b-c <.628 0.765 0.692 8.76 0.457
TG/HDL-C 0.773 (0.737–0.807)a <.001 0.765 0.678 2.68 0.446
VAI 0.767 (0.721–0.813)a <.001 0.661 0.764 2.41 0.427

Age <48
LAP 0.811 (0.761–0.854)b-c – 0.667 0.846 48.70 0.513
TyG 0.807 (0.765–0.845)b-c .760 0.804 0.643 8.62 0.447
TG/HDL-C 0.775 (0.722–0.821)a .043 0.706 0.722 2.71 0.455
VAI 0.771 (0.718–0.818)a .047 0.608 0.817 2.54 0.450

Age �48
LAP 0.794 (0.741–0.840)b-c – 0.719 0.765 49.64 0.484
TyG 0.785 (0.732–0.832)b-c .549 0.828 0.648 8.75 0.476
TG/HDL-C 0.760 (0.705–0.806)a .015 0.750 0.700 2.87 0.449
VAI 0.752 (0.697–0.802)a .010 0.828 0.601 2.08 0.429

Men
LAP 0.773 (0.728–0.814)b-c – 0.729 0.747 48.70 0.476
TyG 0.763 (0.718–0.805)b-c .494 0.729 0.677 8.87 0.406
TG/HDL-C 0.732 (0.685–0.775)a .004 0.718 0.703 3.11 0.421
VAI 0.735 (0.688–0.778)a .004 0.729 0.673 2.54 0.403

Women
LAP 0.873 (0.816–0.917) – 0.900 0.688 29.25 0.588
TyG 0.877 (0.821–0.921)b-c .854 0.933 0.695 8.50 0.628
TG/HDL-C 0.855 (0.795–0.902) .334 0.900 0.714 2.00 0.614
VAI 0.855 (0.796–0.902) .131 0.900 0.682 1.08 0.582

Note: a indicates a significant difference compared with TyG; b indicates a significant difference compared with TG/HDL-C; c indicates
a significant difference compared with VAI.
P values are calculated by the nonparametric approach to compare AUC of other evaluated variables with LAP.
TG/HDL-C: triglyceride-to-HDL cholesterol ratio; TyG: triglycerides/glucose index; VAI: visceral adiposity index; LAP: lipid accumulation
product; AUC: area under the receiver operating characteristic curve, respectively.
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Figure 2–6. Comparison of the diagnostic value of triglycerides/glucoseindex (TyG index), triglyceride-HDLcholesterol (TG/HDL-C),
lipid accumulation product (LAP) and visceral adiposity index (VAI) by age and sex. (2) total population; (3) men; (4) women; (5)
age �48 years; (6) age <48 years.
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VAI was positively correlated with insulin resistance
and b cell function in non-diabetic individuals [45–47].
Despite the positive correlation between TG/HDL-C,
VAI and insulin resistance was observed in this study,
significant difference compared with LAP and TyG was
shown. Difference among them may be explained as
follows: First, the correlation between TG/HDL-C and
IR may differ according to ethnic origin, which indicate
the gap in the applicability of the index in different
groups [48]; second, there could be a greater error for
those parameters, which are calculated based on
anthropometric data. And finally, BMI, WC, fat, and
liver fat demonstrated varieties for different ethni-
city [49,50].

It is important to estimate a valid cut-off value for
the clinical use. However, data for the cut-off value of
LAP and TyG index for identifying IR are limited. In a
Japanese study, the cut-off value for men and women
was 24.1, 15.2 for LAP, and 8.79, 8.12 for TyG, respect-
ively [33], which is lower than ours. This inconsistency
may be explained by the age distribution and the dif-
ference of biochemical indexes among different races.
Notably, the AUCs of four evaluated variables for
female subjects were much higher than that for male
subjects in this study population, whereas a higher
cut-off value was observed in men. Possible explana-
tions for this inconsistency could be the hormonal
changes in women, and relationship between body fat
distribution and insulin resistance by race [51], but fur-
ther investigations are needed to clarify this collection.
Besides, we also found a obvious decline of the diag-
nostic performance of four markers of IR with ageing,
which indicated that the younger the subjects is, the
better the diagnostic ability could have. In this
research, we probed into the possible effect of age on
the diagnostic ability of IR, and corresponding cut-off
values of each marker were provided for reference.

Our study had some limitations to be discussed.
First, as a cross-sectional study with a relatively small
sample size, potential cause and effect relationships
could not be drawn. Second, Hyperinsulinemic-eugly-
cemic clamp, the gold standard for evaluating insulin
sensitivity, was not conducted in this study. In the pre-
sent study, HOMA-IR was used as an alternative tool
for identifying insulin resistance. Furthermore, the
study population was only composed of Chinese peo-
ple aged 40–60 years, and thus the results could not
be generalized to other racial or ethnic population.
Future prospective design is essential to confirm the
impact of these findings on the characteristics of insu-
lin resistance. And finally, the presence of

anthropometric errors by unmeasured factors cannot
be avoided.

Conclusions

In conclusion, based on the findings of the present
study, LAP and TyG have relatively high predictive
ability in diagnosis of IR compared with VAI and TG/
HDL-C, and no significant difference was observed
between LAP and TyG in predicting insulin resistance.
Given the fact that inexpensive measurements of waist
circumference and easy-to-get TG in clinical practice,
LAP and TyG could be used as simple and alternative
methods to identify the individuals at risk for insu-
lin resistance.
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