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Background: Non-alcoholic fatty liver disease (NAFLD) represents a large and growing public health problem. Insulin resistance 
(IR) plays a crucial role in the pathogenesis of NAFLD. The aim of this study was to determine the association of triglyceride-glucose 
(TyG) index, TyG index with body mass index (TyG-BMI), lipid accumulation product (LAP), visceral adiposity index (VAI), 
triglycerides/high-density lipoprotein cholesterol ratio (TG/HDL-c) and metabolic score for IR (METS-IR) with NAFLD in older 
adults and to compare the discriminatory abilities of these six IR surrogates for NAFLD.
Methods: This cross-sectional study included 72,225 subjects aged ≥60 years living in Xinzheng, Henan Province, from January 2021 
to December 2021. The data were collected from the annual health examination dataset. Logistic regression models were used to 
examine the relationships between the six indicators and NAFLD risk. The area under the receiver operating characteristic curve 
(AUC) was used to compare the discriminatory ability of different IR surrogates for NAFLD under the influence of potential risk 
factors.
Results: After adjusting for multiple covariates, compared with the first quintile, the odds ratios (ORs) and 95% confidence intervals 
(CIs) of the highest quintiles of TyG-BMI were the most obvious (OR:43.02, 95% CI:38.89–47.72), followed by the METS-IR 
(OR:34.49, 95% CI:31.41–37.95). Restricted cubic spline analysis reported that there were non-linear positive association and dose- 
response relationship between 6 IR surrogates and NAFLD risk. Compared with other IR-related indicators (LAP, TyG, TG/HDL-c 
and VAI), TyG-BMI showed the highest AUC (AUC:0.8059;95% CI:0.8025–0.8094). Additionally, METS-IR also had a high 
predictive performance for NAFLD, and the AUC was greater than 0.75 (AUC:0.7959;95% CI:0.7923–0.7994).
Conclusion: TyG-BMI and METS-IR had pronounced discrimination ability to NAFLD, which are recommended as complementary 
markers for the assessment of NAFLD risk both in clinic and in future epidemiological studies.
Keywords: non-alcoholic fatty liver disease, insulin resistance surrogates, triglyceride-glucose index with body mass index, metabolic 
score for insulin resistance

Introduction
Non-alcoholic fatty liver disease (NAFLD) represents the predominant hepatopathy, a potentially progressive liver 
disease that can lead to cirrhosis, hepatocellular carcinoma, liver transplantation, and death.1 Currently, the global 
prevalence of NAFLD in the general population has been estimated at 25%, and there is currently no effective treatment 
of NAFLD.2–4 NAFLD represents a large and growing public health problem and increasing cases of advanced liver 
disease and liver-related mortality in the coming years.5 With the highest growth in China as a result of urbanization over 
the last 20 years, NAFLD has become the most prevalent liver disorder in China but has not received sufficient attention. 
A large number of patients remain undiagnosed and untreated because of the inadequacy of diagnostic tools and the 

Diabetes, Metabolic Syndrome and Obesity 2023:16 1685–1696                                         1685
© 2023 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Diabetes, Metabolic Syndrome and Obesity                                           Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 24 February 2023
Accepted: 31 May 2023
Published: 7 June 2023

D
ia

be
te

s,
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
O

be
si

ty
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-2214-1440
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


absence of effective pharmacologic therapies.6–8 In this context, early identification of specific populations at potential 
risk of developing NAFLD is essential for lowering disability and mortality associated with NAFLD.

Substantial evidence suggests that a crucial role in the pathogenetic mechanisms of NAFLD is played by insulin 
resistance (IR) through reductions in whole-body, hepatic, and adipose tissue insulin sensitivity.2,4 Many studies 
invariably demonstrated that NAFLD is closely associated with IR, and IR is the alteration to be detected when screening 
for NAFLD.9,10 Modulation of IR represents is a potential therapeutic strategy to treat NAFLD,3,11 suggesting that IR 
may serve as an adjunctive tool to identify individuals at risk for NAFLD. The hyperinsulinemic-euglycemic clamp test 
(HEC) is considered to be the “gold standard” measure of evaluating insulin sensitivity.12 However, HEC is costly, 
complex, time consuming and invasive, and requires trained staff. The HEC is currently not ideal for routine clinical 
monitoring, so simpler and more practical surrogate measures of insulin sensitivity are necessary in large-scale studies. 
Previously, several studies have explored methods that can easily predict IR and they proposed various non-insulin-based 
fasting IR indicators, namely, IR surrogates, including the triglyceride-glucose (TyG) index,13,14 TyG index with body 
mass index (TyG-BMI),15 lipid accumulation product (LAP),16,17 visceral adiposity index (VAI),18 triglycerides/high- 
density lipoprotein cholesterol ratio (TG/HDL-c),19,20 and metabolic score for IR (METS-IR).21 IR surrogates are 
calculated from lipid parameters and related indexes. To some extent, their discoveries have addressed the difficulties 
in identifying IR patients.

Recently, several studies among different populations have investigated the association of IR surrogates and the risk 
of NAFLD, and they have consistently revealed that higher IR surrogates were strongly associated with the risk of 
NAFLD.22–26 However, few studies explored the precise dose-response relationship and the differences between different 
IR surrogates and NAFLD risk in older adults. Therefore, this study with a large sample in central China among older 
adults that involved six IR surrogates (TyG, TyG-BMI, LAP, VAI, TG/HDL-c and METS-IR) was conducted, aiming to 
further identify the association of these six IR surrogates with the prevalence of NAFLD, which would provide a great 
convenience for rapid screening of NAFLD.

Methods
Study Population
The present study was a population-based, cross-sectional study. Data originated from the residents’ electronic health 
records in the Xinzheng Hospital Information System from January to December 2021. The electronic health records of 
residents mainly include included three components: questionnaire surveys and anthropometric and laboratory measure-
ments. At the start of the study, 82,466 adults aged ≥60 were eligible for the study. From the 82,466 participants, we 
initially excluded 8649 participants who had incomplete baseline data on smoking, drinking, exercise, marriage, resting 
heart rate (RHR), body mass index (BMI), Waist Circumference (WC), fasting plasma glucose (FPG), systolic blood 
pressure (SBP), diastolic blood pressure (DBP), total cholesterol (TC), triglyceride (TG), high-density lipoprotein 
cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-C), alanine transaminase (ALT) and aspartate amino-
transferase (AST). Afterwards, we excluded the values of the variables were illogical (n = 1592). Finally, we had 72,225 
participants who were used to assess the risk of NAFLD with six insulin resistance surrogates. The data screening flow 
chart is presented in Supplementary Figure 1. This study was approved by the Ethics Committee of Zhengzhou 
University (Reference Number: ZZUIRB2019-019), and written informed consent was obtained from all of the 
participants.

Data Collection
All of the participants completed a standardized questionnaire that included their sociodemographic characteristics 
(age, gender and marital status), medical history (hypertension, diabetes, coronary heart disease and stroke), smoking, 
drinking and physical activity. Based on marital status, smoking and drinking statuses, participants were classified as 
follows: living with a partner or without a partner; nonsmokers or previous/current smokers; and never, occasional, 
frequent, or daily drinkers. Physical activity was classified as occurring never, occasionally, more than once a week or 
daily. Physical examinations were conducted by uniformly trained investigators via a standard protocol. Height and 
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weight measurement required the participants maintain a standing position while wearing light clothes without shoes 
and were measured twice. Subsequently, the average value was recorded. BMI was calculated as weight (kg) divided 
by height squared (m). Waist circumference was measured midway between the lower edge of the costal arch and the 
upper edge of the iliac crest to the nearest 0.1 cm under standardized conditions. RHR and blood pressure were 
measured twice after subjects had rested for at least 5 minutes in a seated position by using an automatic sphygmo-
manometer (Omron HEM-7125, Kyoto, Japan). After fasting for 8 hours, the blood samples of participants were 
collected to determine the level of FPG, TC, TG, HDL-c, LDL-C, ALT and AST. All biochemical parameters were 
determined by standard experimental method.

Definition and Calculation
The study population underwent liver ultrasonography (SIUI CZXL-38G, Shantou, China) to diagnose NAFLD. The 
results of ultrasound prompted the existence of steatohepatitis: vascular blurring, deep attenuation, hepatorenal echo 
contrast and liver brightness, and after excluding the steatohepatitis caused by alcohol, viruses and drugs according 
previous drinking and medication history, was defined as NAFLD.27 All ultrasound examinations were performed by 
trained technicians.

The exposure of interests were six IR surrogates, namely, TyG, TyG-BMI, LAP, VAI, TG/HDL-c, and METS-IR and 
a non-invasive indice that are currently mainly accepted for NAFLD, namely, hepatic steatosis index (HSI).28,29 They 
were calculated by the following formula:

TyG =ln [TG (mg/dl) *FPG (mg/dl)/2];15

TyG-BMI=TyG*BMI;15

TG/HDL-c=TG (mmol/l)/HDL-c (mmol/l);20

LAP= (WC-65) *TG (men), LAP= (WC-58) *TG (women);17

VAI= (WC/ (39.68+ (1.88×BMI))) * (TG/1.03) * (1.31/HDL-C) (men),
VAI= (WC/ (36.58+ (1.89×BMI))) * (TG/0.81) * (1.31/HDL-C) (women);18

METS-IR= ln [(2*FPG (mg/dl)) + TG (mg/dl)] *BMI)/(Ln [HDL-c (mg/dl)]);21

HSI= 8 × ALT/AST ratio +BMI (+2, if DM; +2, if female).29

Statistical Analysis
Continuous variables were described as the means and standard deviations (SDs). Categorical variables are presented as 
numbers and proportions. The chi-square test for categorical variables and the Kruskal–Wallis test for continuous 
variables were used to compare the mean levels of variables between subjects with and without NAFLD. The relation-
ships among six IR-related indexes and the risk of NAFLD were assessed, respectively, by constructing multivariate 
logistic regression models with indexes as categorical variables (divided into five groups according to quintiles), and 
odds ratios (ORs) with 95% confidence intervals (CIs) of IR-related indexes were also calculated. The following three 
models were created: model 1 was the crude model, with no adjustments; model 2 with adjustments for age and sex; 
model 3, with adjustments for model 2 plus marital status, smoking, physical exercise, SBP, RHR. We used restricted 
cubic splines with four knots in the logistic regression models with adjustments for model 3 to characterize the dose- 
response association and to test whether there was a nonlinear association of the six IR-related indicators with NAFLD 
risk.

Finally, the receiver operating characteristic (ROC) curve and related area under the ROC curve (AUC) were used to 
compare the capability of IR-related indicators, including TyG, TyG-BMI, LAP, VAI, TG/HDL-c, and METS-IR, to 
screen for NAFLD, and the logistic regression model was used to estimate the related ORs and 95% CIs of TyG, TyG- 
BMI, LAP, VAI, TG/HDL-c, and METS-IR for NAFLD after adjusting for age, sex, marital status, smoking, physical 
exercise, SBP, RHR. After excluding participants with diabetes, CVDs, diabetes and CVDs among total study partici-
pants, respectively, we conducted three sensitivity analyses to assess the robustness of the results. Statistical analyses 
were performed by using R software (version 4.2.2). P < 0.05 with two-sided tests was considered to indicate statistical 
significance.
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Results
Characteristics of the Study Participants
The sociodemographic characteristics, smoking, drinking, physical activity, physical examinations and laboratory 
examination data of participants are summarized in Table 1. The observational study involved 72,225 participants. The 
mean and SD of age of the study population was 69.93 (6.72), and 37,937 (52.5%) were women. According to the results 
of abdominal ultrasound, 18,347 (25.4%) participants were diagnosed with NAFLD. Compared with the non-NAFLD 
group, the proportion of men in the NAFLD group was higher. Participants with NAFLD were younger had higher SBP, 
DBP, RHR, BMI, FPG, ALT, AST, TC, TG, LDL-C, TyG, TyG-BMI, LAP, VAI, TG/HDL-c, METS-IR and HSI values 

Table 1 Characteristics of the Participants with and without NAFLD

Characteristics Total 
(n = 72,225)

Non-NAFLD  
(n =53,878)

NAFLD  
(n = 18,347)

P value

Sex, women, n (%) 37,937 (52.5) 27,053 (50.2) 10,884 (59.3) <0.001

Age (years) 69.93 (6.72) 70.23 (6.94) 69.05 (5.95) <0.001

Smoking, former or current smokers (%) 9329 (12.9) 7640 (14.2) 1689 (9.2) <0.001
Marriage, living without partner (%) 10,401 (14.4) 8280 (15.4) 2121 (11.6) <0.001

RHR (beats/min) 71.18 (11.79) 71.03 (11.89) 71.62 (11.51) <0.001

FPG (mmol/L) 6.04 (1.98) 5.89 (1.88) 6.47 (2.20) <0.001
TG (mmol/L) 1.46 (0.76) 1.36 (0.70) 1.76 (0.85) <0.001

TC (mmol/L) 4.90 (1.65) 4.85 (1.73) 5.02 (1.40) <0.001

ALT (mmol/L) 19.34 (16.73) 18.62 (16.92) 21.45 (15.97) <0.001
AST (mmol/L) 23.26 (9.76) 23.17 (9.39) 23.55 (10.77) <0.001

LDLC (mmol/L) 2.72 (1.96) 2.67 (2.01) 2.87 (1.77) <0.001

HDLC (mmol/L) 1.42 (0.42) 1.45 (0.42) 1.34 (0.40) <0.001
History of hypertension (%) 51,942 (71.9) 37,551 (69.7) 14,391 (78.4) <0.001

History of diabetes (%) 18,096 (25.1) 11,617 (21.6) 6479 (35.3) <0.001

History of CVDs (%) 7812 (10.8) 5659 (10.5) 2153 (11.7) <0.001
BMI (kg/m2) 25.57 (3.59) 24.67 (3.23) 28.19 (3.28) <0.001

SBP (mmHg) 144.32 (20.33) 143.54 (20.47) 146.62 (19.71) <0.001

DBP (mmHg) 84.12 (10.95) 83.60 (10.98) 85.64 (10.72) <0.001
Drinking (%) <0.001

Never 67,871 (94.0) 50,156 (93.1) 17,715 (96.6)

Occasionally 2456 (3.4) 1824 (3.4) 632 (3.4)
Frequently 688 (1.0) 688 (1.3) 0 (0.0)

Daily 1210 (1.7) 1210 (2.2) 0 (0.0)

Physical activity (%) <0.001
Never 47,515 (65.8) 36,213 (67.2) 11,302 (61.6)

Occasionally 1214 (1.7) 894 (1.7) 320 (1.7)

More than once a week 2797 (3.9) 2014 (3.7) 783 (4.3)
Daily 20,699 (28.7) 14,757 (27.4) 5942 (32.4)

TyG 8.70 (0.58) 8.62 (0.55) 8.96 (0.58) <0.001
TyG-BMI 223.04 (37.71) 212.92 (33.36) 252.77 (33.83) <0.001

LAP 38.49 (25.93) 33.43 (22.74) 53.36 (28.85) <0.001

VAI 1.82 (1.27) 1.65 (1.15) 2.33 (1.46) <0.001
TG/HDLC 1.13 (0.75) 1.03 (0.68) 1.43 (0.87) <0.001

METS-IR 37.70 (6.84) 35.94 (6.08) 42.86 (6.30) <0.001

HSI 33.92 (7.82) 32.71 (7.98) 37.47 (6.05) <0.001

Abbreviations: NAFLD, Non-alcoholic fatty liver disease; IR, Insulin Resistance; TyG, triglyceride-glucose index; TyG-BMI TyG, 
index with body mass index; LAP, lipid accumulation product; VAI, visceral adiposity index; TG/HDL-c, triglycerides/high-density 
lipoprotein cholesterol ratio; METS-IR, metabolic score for IR; HSI, hepatic steatosis index; BMI, body mass index; RHR, resting 
heart rate; FPG, fasting plasma glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, 
triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ALT, alanine transaminase; 
AST, aspartate aminotransferase.
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and lower HDL-C (P < 0.01). Additionally, the prevalence of hypertension, diabetes and CVDs were higher in 
participants with NAFLD. Additionally, there were also significant differences in living habits between NAFLD patients 
and non-NAFLD, as NAFLD patients tended to exercise more frequently, live with partner and never smoke. 
Supplementary Tables 1–6 described the sociodemographic, physical and biochemical characteristics of the study 
population according to the quintiles of six IR-related indicators, including TyG, TyG-BMI, LAP, VAI, TG/HDL-c, 
and METS-IR, respectively. Supplementary Table 7 describes the characteristics of the included participants according to 
different levels of HSI. We noted significant differences in almost all characteristics across quintiles groups of IR-related 
indicators.

Association Between Insulin Resistance Surrogates and NAFLD
Table 2 presents the association between NAFLD and IR-related indices when they were analyzed as categorical 
variables. As shown in Table 2, 6 IR-related indices were all significantly positively correlated with NAFLD before 
and after model adjustment, and the risk of NAFLD significantly rose with increasing TyG, TyG-BMI, LAP, VAI, TG/ 
HDL-c, and METS-IR quintiles. It is worth noting that NAFLD was strongly correlated with IR-related parameters and 

Table 2 Logistic Regression Analyses for the Association Between Six IR Surrogates and 
NAFLD

Variables No. of Cases ORs (95% CIs)

Crude Model Model 1 Model 2

TyG
Q1 1728 Ref. Ref. Ref.

Q2 2388 1.46 (1.36,1.56) 1.43 (1.34,1.53) 1.42 (1.32,1.52)

Q3 3321 2.2 (2.06,2.34) 2.13 (2,2.27) 2.11 (1.98,2.25)
Q4 4477 3.3 (3.11,3.51) 3.17 (2.98,3.37) 3.1 (2.92,3.3)

Q5 6433 5.91 (5.56,6.27) 5.6 (5.27,5.95) 5.48 (5.16,5.83)

TyG-BMI
Q1 428 Ref. Ref. Ref.

Q2 1383 3.47 (3.11,3.88) 3.38 (3.03,3.79) 3.33 (2.98,3.73)

Q3 2971 8.48 (7.65,9.42) 8.2 (7.4,9.11) 8.01 (7.23,8.91)
Q4 5101 17.88 (16.16,19.83) 17.16 (15.51,19.03) 16.7 (15.1,18.53)

Q5 8464 46.35 (41.92,51.38) 44.08 (39.86,48.88) 43.02 (38.89,47.72)

LAP
Q1 1032 Ref. Ref. Ref.

Q2 2154 2.28 (2.11,2.46) 2.28 (2.11,2.47) 2.25 (2.08,2.44)

Q3 3317 3.87 (3.6,4.17) 3.89 (3.61,4.2) 3.84 (3.57,4.14)
Q4 4845 6.54 (6.09,7.04) 6.58 (6.12,7.08) 6.47 (6.02,6.97)

Q5 6999 12.28 (11.44,13.19) 12.28 (11.42,13.21) 12.1 (11.25,13.02)

VAI
Q1 1637 Ref. Ref. Ref.

Q2 2714 1.81 (1.69,1.93) 1.81 (1.7,1.94) 1.8 (1.68,1.92)
Q3 3466 2.47 (2.32,2.63) 2.49 (2.33,2.65) 2.47 (2.32,2.64)

Q4 4429 3.46 (3.25,3.68) 3.47 (3.26,3.71) 3.47 (3.26,3.7)

Q5 6101 5.72 (5.38,6.08) 5.71 (5.36,6.09) 5.71 (5.35,6.09)
TG/HDL-c

Q1 1746 Ref. Ref. Ref.

Q2 2608 1.6 (1.5,1.71) 1.59 (1.49,1.7) 1.58 (1.48,1.69)
Q3 3501 2.33 (2.18,2.48) 2.3 (2.16,2.45) 2.29 (2.14,2.43)

Q4 4440 3.23 (3.04,3.43) 3.15 (2.96,3.35) 3.15 (2.96,3.35)

Q5 6052 5.25 (4.94,5.57) 5.08 (4.79,5.4) 5.06 (4.77,5.38)

(Continued)
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TyG-BMI was the most strongly correlated with NAFLD. By comparing ORs of the factors, we found that the positive 
effects of the highest quintiles of TyG-BMI were the most obvious after adjustment in model 2 (OR:43.02, 95% 
CI:38.89–47.72), followed by the METS-IR (OR:34.49, 95% CI:31.41–37.95), HIS (OR:30.23, 95% CI:27.53–33.28), 

Table 2 (Continued). 

Variables No. of Cases ORs (95% CIs)

Crude Model Model 1 Model 2

METS-IR

Q1 514 Ref. Ref. Ref.
Q2 1574 3.31 (2.99,3.67) 3.27 (2.95,3.62) 3.21 (2.9,3.56)

Q3 2987 7.07 (6.42,7.79) 6.9 (6.27,7.61) 6.7 (6.08,7.39)

Q4 4990 14.3 (13.03,15.74) 13.94 (12.69,15.34) 13.45 (12.25,14.81)
Q5 8282 36.42 (33.19,40.05) 35.57 (32.41,39.13) 34.49 (31.41,37.95)

HSI

Q1 518 Ref. Ref. Ref.
Q2 1727 3.65 (3.3,4.04) 3.61 (3.26,4) 3.53 (3.19,3.91)

Q3 3129 7.43 (6.76,8.19) 7.32 (6.66,8.07) 7.11 (6.46,7.84)

Q4 5113 14.73 (13.42,16.2) 14.44 (13.15,15.89) 13.85 (12.61,15.24)
Q5 7860 32.09 (29.25,35.28) 31.42 (28.61,34.58) 30.23 (27.53,33.28)

Notes: Model 1: unadjusted; Model 2: adjusted for age and sex; Model 3: adjusted for age, sex, marital status, smoking, 
physical exercise, SBP, RHR. 
Abbreviations: OR, odd ratio; CI, confidential interval; NAFLD, Non-alcoholic fatty liver disease; IR, Insulin Resistance; TyG, 
triglyceride-glucose index; TyG-BMI, TyG index with body mass index; LAP, lipid accumulation product; VAI, visceral adiposity index; 
TG/HDL-c, triglycerides/high-density lipoprotein cholesterol ratio; METS-IR, metabolic score for IR; HSI, hepatic steatosis index.

Figure 1 Relationship of TyG, TyG-BMI, LAP, VAI, TG/HDL-C and METS-IR with the risk of NAFLD for all participants. ORs are adjusted for age, sex, marital status, 
smoking, physical exercise, SBP, RHR. 
Abbreviations: NAFLD, Non-alcoholic fatty liver disease; IR, Insulin Resistance; OR, odd ratio; TyG, triglyceride-glucose index; TyG-BMI, TyG index with body mass index; 
LAP, lipid accumulation product; VAI, visceral adiposity index; TG/HDL-c, triglycerides/high-density lipoprotein cholesterol ratio; METS-IR, metabolic score for IR; RHR, 
resting heart rate; SBP, systolic blood pressure.
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LAP (OR:12.1, 95% CI:11.25–13.02), VAI (OR:5.71, 95% CI:5.35–6.09), TyG (OR:5.48, 95% CI:5.16–5.83) and TG/ 
HDL-c (OR:5.06, 95% CI:4.77–5.38).

Restricted Cubic Spline Curves for Insulin Resistance Surrogates and NAFLD Risk
Figure 1 shows the dose-response relationships between the above factors and NAFLD risk by multivariable adjusted 
restricted cubic spline analysis after adjusting age, sex, marital status, smoking, physical exercise, SBP, RHR. Consistent 
with the above analysis by categorical values, a non-linear positive correlation was identified between NAFLD risk and 
TyG, TyG-BMI, LAP, VAI, TG/HDL-c, and METS-IR (all p total <0.001), among which TyG-BMI also showed the 
largest effects, followed by METS-IR. Supplementary Figure 2 shows the dose-response relationships between HSI and 
NAFLD risk.

Accuracy of Insulin Resistance Surrogates in Identifying NAFLD
Figure 2 and Table 3 show the results of ROC analysis and the AUCs of 6 IR-related indices and HSI used to predict 
NAFLD after adjusting for age, sex, marital status, smoking, physical exercise, SBP, RHR. The AUCs of all 6 IR-related 
indices and HSI were greater than 0.5, indicating that all have certain predictive values for NAFLD. TyG-BMI was the 
best marker for predicting NAFLD. Among study participants, the AUC of TyG-BMI parameters was the largest, which 
was more than 0.80 (AUC:0.8059;95% CI:0.8025–0.8094). Additionally, METS-IR also had a high predictive perfor-
mance for NAFLD, and the AUC was greater than 0.75 (AUC: 0.7959;95% CI:0.7923–0.7994). The AUC of HSI was 
0.7763 (95% CI 0.7726–0.78). The AUCs of LAP, TyG, TG/HDL-c and VAI were 0.7313 (95% CI 0.7272–0.7354), 

Figure 2 The receiver operating characteristic curve of insulin resistance surrogates and HSI after adjusting for age, sex, marital status, smoking, physical exercise, SBP, RHR. 
Abbreviations: HIS, hepatic steatosis index; TyG, triglyceride-glucose index; TyG-BMI, TyG index with body mass index; LAP, lipid accumulation product; VAI, visceral 
adiposity index; TG/HDL-c, triglycerides/high-density lipoprotein cholesterol ratio; METS-IR, metabolic score for IR; RHR, resting heart rate; SBP, systolic blood pressure.
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0.6901 (95% CI 0.6857–0.6944), 0.6781 (95% CI 0.6737–0.6825) and 0.6742 (95% CI 0.6697–0.6786), respectively. 
The above results suggested that these indexes may be effective in the early screening of NAFLD risk, and it is worth 
noting that the ability of TyG-BMI and METS-IR to detect NAFLD was significantly better than that of the other indexes 
mentioned above.

Sensitivity Analysis
In the sensitivity analysis (Supplementary Tables 8–10), the results were observed to be robust after excluding 
participants with diabetes, cardiovascular diseases (CVDs), diabetes and CVDs, respectively.

Discussion
In our study, the multivariate logistic regression was used to examine the relationship between IR surrogates and NAFLD 
in older individuals, and increased TyG, TyG-BMI, LAP, VAI, TG/HDL-c, and METS-IR were found to be associated 
with an increased risk of NAFLD. The dose-response relationship that was analyzed by using restricted cubic splines 
demonstrated a nonlinear relationship between 6 IR surrogates and NAFLD among all of the participants. The main 
findings were summarized as follows: (1) TyG, TyG-BMI, LAP, VAI, TG/HDL-c, and METS-IR were significantly 
increased in the NAFLD compared to the non-NAFLD group. (2) 6 IR surrogates were independently associated with the 
prevalence of NAFLD, with TyG-BMI and METS-IR having the strongest association with NAFLD. There were non- 
linear positive association and dose-response relationship between 6 IR surrogates and NAFLD risk. (3) All 6 IR 
surrogates had good predictive value for the prevalence of NAFLD. TyG-BMI and METS-IR had the highest AUCs, 
which were superior to HSI and other 4 surrogates.

The IR surrogates have been shown to be directly or indirectly associated with NAFLD in previous studies. In the 
current study, the researchers found that TyG-BMI and METS-IR may be the most valuable IR-related indicators for 
NAFLD screening. These findings further validated the previous findings and provided a reliable reference for the use of 
IR-related indicators in NAFLD screening and treatment. Several previous studies have investigated the relationship 
between IR surrogates and NAFLD, while their results have not been fully consistent due to differences in study 
populations. Cai et al pointed out that METS-IR was independently associated with the risk of NAFLD and a dose- 
response relationship existed in the study based on 10,730 nonobese Chinese adults (average age: 43.65).30 Ismaiel et al 
held that VAI has a predictive value in diagnosing NAFLD based on a systematic review and meta-analysis including 24 
studies, and Xu et al suggest that there is a dose-response relationship between VAI level and NAFLD risk based on 
a health check-up cohort including 4809 subjects, which is similar to our findings.31,32 Wang et al and Hu et al found that 
elevated TyG-BMI showed an independent positive correlation with high risk of NAFLD in the general population.33,34 

A cross-sectional study from the NAGALA at Murakami Memorial Hospital (including 6870 men and 7411 women) 
reported that TyG index-related parameters and LAP appear to be good predictors of NAFLD, and VAI and TG/HDL-c 
showed the weaker predictive potential compared with TyG index-related parameters.26 A cross-sectional study including 

Table 3 AUCs for Insulin Resistance Surrogates in Relation to NAFLD

Variables AUC (95% CI) Specificity Sensitivity Youden

TyG-BMI+ other factors 0.8059 (0.8025,0.8094) 0.704796 0.756200 0.460996
METS-IR+ other factors 0.7959 (0.7923,0.7994) 0.667824 0.775822 0.443645

HSI+ other factors 0.7763 (0.7726,0.78) 0.664353 0.747534 0.411886

LAP+ other factors 0.7313 (0.7272,0.7354) 0.646813 0.697335 0.344148
TyG + other factors 0.6901 (0.6857,0.6944) 0.594807 0.687742 0.282549

TG/HDL-c+ other factors 0.6781 (0.6737,0.6825) 0.647463 0.610236 0.257699

VAI+ other factors 0.6742 (0.6697,0.6786) 0.633617 0.621682 0.255299

Notes: Other factors: age, sex, marital status, smoking, physical exercise, SBP, RHR. 
Abbreviations: AUC, area under the curve; NAFLD, Non-alcoholic fatty liver disease; IR, Insulin Resistance; TyG, 
triglyceride-glucose index; TyG-BMI, TyG index with body mass index; LAP, lipid accumulation product; VAI, visceral 
adiposity index; TG/HDL-c, triglycerides/high-density lipoprotein cholesterol ratio; METS-IR, metabolic score for IR; 
HSI, hepatic steatosis index; SBP, systolic blood pressure; RHR, resting heart rate.
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2483 subjects from 10 primary care centers suggested that IR is predictive of NAFLD irrespective of BMI.35 Although 
the results of these studies differ, they all consistently show a strong correlation between IR substitutes and NAFLD. 
There are several reasons for the discrepancy in the results. Firstly, involved population of the study were aged 60 or 
older. Age, as a very important factor influencing the prevalence of NAFLD, may change the effect of IR surrogates on 
NAFLD.36 Secondly, our study was based on residents’ electronic health records with a total of over 70,000 participants, 
and compared with previous single-center studies, the results of this study are more robust and can be generalized more 
widely. IR surrogates are calculated from lipid parameters. Thus, the association between IR surrogates and NAFLD can 
be partially explained by lipid parameters.37,38 Dyslipidemia, a traditional NAFLD risk factor, is closely related to the 
onset of NAFLD.

Our study showed that TyG-BMI and METS-IR were the best discriminator for NAFLD than all other IR-related 
parameters, including TyG, LAP, VAI and TG/HDL-c. The potential mechanism linking TyG-BMI and METS-IR to 
NALFD remains elusive. The calculations of TyG-BMI and METS-IR combined both body obesity indicator and glucose 
and lipid indexes including BMI, FPG, TG and HDL-c. There may be several reasons for the effect of IR on NAFLD. On 
one hand, IR has a direct effect on metabolism of glucose and lipid, and thus participates in the incidence and 
development of NAFLD. Insulin resistance reduces glucose uptake in the adipose tissues and muscles, and reduces the 
hydrolysis of TGs in adipose tissue.39 Meanwhile, obesity increases the accumulation of triglycerides. TG accumulation 
is strongly associated with adipose tissue insulin resistance. Once TG accumulation reaches a certain level, insulin 
resistance, hypertriglyceridemia, and low HDL-C, become fully established, which could initiate steatosis and then lead 
to the occurrence of NAFLD.40,41

There were several advantages of our study. First, to the best of our knowledge, the present study is the first large- 
scale research samples to examine the association between these six IR surrogates and NAFLD, which increased the 
statistical strength and confirmed the reliability of reported results. It is of practical significance to improve upon the 
relevant research. Second, standardized measurements were used in this study, and an annual health examination dataset 
was used to avoid discrepancies between participants’ self-reports and the actual situation. Third, we described the dose- 
response relationship between the six markers and NAFLD using restricted cube graphs. Finally, we also conducted three 
sensitivity analysis to assess the robustness of the association between the six indicators and the prevalence of NAFLD.

However, some limitations of this study should be noted. First, the subjects of this study were primarily older people 
and solely from China, so the external applicability of the study results needs to be confirmed by further studies, and 
therefore the results of this study are only for reference to other ethnic groups. Second, in this study, abdominal 
ultrasound was used to confirm the diagnosis of NAFLD, which may have been missed in some patients in contrast to 
liver biopsy. Third, we adjusted for major confounders in the analysis, but some potential factors may exist that we did 
not adjust for, including unmeasured factors such as genetic factors and diet.

Conclusions
In this study, it was found that the risk of NAFLD was positively associated with the elevation of TyG, TyG-BMI, TG/ 
HDL-C and METS-IR in a large-scale population. Among the six IR surrogates, TyG-BMI and METS-IR had 
pronounced discrimination ability to NAFLD. To sum up, TyG-BMI and METS-IR are recommended as complementary 
markers for the assessment of NAFLD risk both in clinic and in future epidemiological studies.

Abbreviations
NAFLD, Non-alcoholic fatty liver disease; IR, Insulin Resistance; HEC, hyperinsulinemic-euglycemic clamp test; TyG, 
triglyceride-glucose index; TyG-BMI, TyG index with body mass index; LAP, lipid accumulation product; VAI, visceral 
adiposity index; TG/HDL-c, triglycerides/high-density lipoprotein cholesterol ratio; METS-IR, metabolic score for IR; 
RHR, resting heart rate; BMI, body mass index; WC, Waist Circumference; FPG, fasting plasma glucose; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; ALT, alanine transaminase; AST, aspartate aminotransferase; 
ROC, receiver operating characteristic; AUC, area under the ROC curve; CVD, cardiovascular disease; OR, odds ratio; 
CI, Confidence Interval; SD, Standard Deviation; HIS, hepatic steatosis index.
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