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Metabolic Syndrome Severity Score as Reliable Indicator and Predictive Tool 
for Cardiovascular Disease in a Korean Population

Patients

Conclusion

Outcome Result

9,337 Patients 
without MACCE

Ansan-Ansung cohort 
(n = 10,030, aged 40-69, 

Jun 2001 - Jan 2003)

Follow-up
median 15.5 years

Primary outcome:
Incidence of MACCE*

*Composite outcome 
consisting of CV death, MI, 
CAD, stroke, HF, and PAD

• The metabolic syndrome severity score is a highly reliable indicator and had predictive value for 
long-term cardiovascular events in a middle-aged Korean population. 

• Although the 10-year ASCVD risk score demonstrated the highest predictive power, the 
metabolic syndrome severity score exhibited the closest predictive ability.

12.1% experienced MACCE

10-year MACCE risk 

HR 1.794
95% CI 1.507–2.135

HR 1.730
95% CI 1.463-2.044

Metabolic syndrome 
severity score 
(>cut-off value)

Metabolic syndrome 
severity Z-score
(>cut-off value)

Highlights
 • �The metabolic syndrome severity score predicted cardiovascular events.
 • �The 10-year ASCVD score outperformed other indices in predicting MACCE.
 • �NAFLD and IR indices were less effective than metabolic syndrome scores.
 • �Combining indices enhanced cardiovascular risk assessment.
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Background: This study evaluated the usefulness of indices for metabolic syndrome, non-alcoholic fatty liver disease (NAFLD), 
and insulin resistance (IR), as predictive tools for cardiovascular disease in middle-aged Korean adults.
Methods: The prospective data obtained from the Ansan-Ansung cohort database, excluding patients with major adverse cardiac 
and cerebrovascular events (MACCE). The primary outcome was the incidence of MACCE during the follow-up period. 
Results: A total of 9,337 patients were included in the analysis, of whom 1,130 (12.1%) experienced MACCE during a median 
follow-up period of 15.5 years. The metabolic syndrome severity Z-score, metabolic syndrome severity score, hepatic steatosis in-
dex, and NAFLD liver fat score were found to significantly predict MACCE at values above the cut-off point and in the second 
and third tertiles. Among these indices, the hazard ratios of the metabolic syndrome severity score and metabolic syndrome se-
verity Z-score were the highest after adjusting for confounding factors. The area under the receiver operating characteristic curve 
(AUC) of the 10-year atherosclerotic cardiovascular disease (ASCVD) score for predicting MACCE was 0.716, and the metabolic 
syndrome severity Z-score had an AUC of 0.619. 
Conclusion: The metabolic syndrome severity score is a highly reliable indicator and was closely associated with the 10-year AS-
CVD risk score in predicting MACCE in the general population. Given the specific characteristics and limitations of metabolic 
syndrome severity scores as well as the indices of NAFLD and IR, a more practical scoring system that considers these factors is 
essential to achieve greater accuracy in forecasting cardiovascular outcomes.
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INTRODUCTION

Cardiovascular disease (CVD) is a significant global health is-
sue that warrants widespread attention from clinicians, research-
ers, and public health officials [1]. Post initial cardiovascular 
(CV) events, clinical emphasis is commonly placed on inten-
sive therapeutic interventions and secondary prevention strat-
egies, which are aimed at minimizing the risk of event recur-

rence and mitigating the associated complications [2]. Never-
theless, primary prevention has gained increasing attention, 
particularly among adults devoid of prior CVD events, and 
studies have been conducted on the primary prevention and 
prediction of future CVD [3,4]. Numerous predictors have 
been validated for their ability to predict long-term CV out-
comes in healthy adults, and several scoring systems have been 
developed accordingly [5-8]. However, a persistent require-
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ment remains for predictive scores that can be readily applied 
in clinical settings. Important risk factors for predicting the 
development of CVD include metabolic syndrome, non-alco-
holic fatty liver disease (NAFLD), and insulin resistance (IR), 
each of which has corresponding indices [8-10].

Metabolic syndrome is strongly associated with an increased 
risk of CVDs [11,12]. Central obesity, hyperglycemia, hyper-
tension, and dyslipidemia are important metabolic syndrome 
components that contribute directly to the pathophysiology of 
CVD [13,14]. These components are included in the criteria 
for diagnosing metabolic syndrome presented by the Adult 
Therapy Program III (ATP-III) [13]; however, this definition is 
limited as it is dichotomous and does not include the concept 
of severity. To address this limitation, metabolic syndrome se-
verity scores have been proposed for sex and racial/ethnic 
groups [15,16]. In addition, IR, an important mechanism of 
metabolic syndrome, increases the risk of CVD by promoting 
the development of atherosclerosis and endothelial dysfunc-
tion [10,17]. NAFLD is also associated with metabolic syn-
drome and has an important pathophysiological association 
with IR [18,19]. NAFLD and IR have a significant impact on 
CV outcomes, and indices reflecting NAFLD and IR have 
shown to predict CV risks in previous studies [20-28]. 

In the present study, we evaluated the usefulness of the indi-
ces for metabolic syndrome, NAFLD, and IR as predictive tools 
for the overall CV risk in middle-aged Korean adults using 
large-scale cohort data.

METHODS

Study population
Study data were obtained from the Ansan-Ansung cohort, a 
prospective cohort of 10,030 patients. These patients were en-
rolled between June 2001 and January 2003, aged 40 to 69 
years, residing in two cities in Korea, with follow-up data of up 
to 18 years. This cohort was part of the Korean Genome Epide-
miology Study, which aimed to investigate the genetic and en-
vironmental etiology of prevalent metabolic and CVD. This 
study was funded by the Korean National Research Institute of 
Health, Korean Centers for Disease Control and Prevention, 
and Ministry of Health and Welfare. Detailed information on 
the study methods has been reported in a previous publication 
[29]. In summary, comprehensive health examinations, on-site 
interviews, and laboratory tests were conducted during each 
visit to the survey sites. Nine successive assessments adhering 
to the entire cohort protocol were performed following the 
baseline assessment with scheduled biennial revisits until 2018.

Of the 10,030 patients initially enrolled, 9,639 had baseline 
data available for baseline body mass index (BMI), waist cir-
cumference, and laboratory test results (aspartate transami-
nase [AST], alanine aminotransferase [ALT], triglyceride 
[TG], gamma-glutamyl transferase [GGT], fasting insulin, and 
fasting glucose levels). Additionally, among the patients with-
out missing values, 9,337 were not diagnosed with major ad-
verse cardiac and cerebrovascular events (MACCE), including 

Fig. 1. Study population. BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TG, triglycer-
ide; GGT, gamma-glutamyl transferase; MACCE, major adverse cardiac and cerebrovascular events; CV, cardiovascular; MI, 
myocardial infarction; CAD, coronary artery disease; HF, heart failure; PAD, peripheral artery disease.

Total (n=10,030) assessed for eligibility
men (n=4,578), women (n=5,272)

Participants who had missing values for BMI,  
waist circumference, laboratory test (AST, ALT, TG, 
GGT, fasting insulin, fasting glucose) (n=391)

Participants without missing value 
(n=9,639)

Participants without MACCE
(n=9,337)

Participants who were diagnosed with MACCE (CV 
death, MI, CAD, stroke, HF, PAD) (n=302)
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CV death, myocardial infarction (MI), coronary artery disease 
(CAD), stroke, heart failure (HF), and peripheral artery dis-
ease (PAD) (Fig. 1). 

The study protocol adhered to the principals of the Declara-
tion of Helsinki and was reviewed and approved by the Korean 
National Research Institute of Health and Institutional Review 
Board of Hanyang University Guri Hospital (IRB No. GURI-
2023-06-020). Written informed consent by the patients was 
waived due to a retrospective nature of our study.

Data collection
Patient demographic and clinical characteristics that were ex-
tracted included age, sex, BMI, waist circumference, systolic 
blood pressure (SBP), diastolic blood pressure (DBP), income 
level, education level, smoking status, alcohol consumption 
status, physical activity, and medical history of traditional CV 
risk. In addition, key laboratory findings related to metabolic 
syndrome, including the estimated glomerular filtration rate 
and fasting glucose, glycosylated hemoglobin, total cholesterol, 
TG, high-density lipoprotein cholesterol (HDL-C), and low-
density lipoprotein cholesterol levels. In order to compute the 
10-year risk score for atherosclerotic cardiovascular disease 
(ASCVD), we also gathered data on the use of antihypertensive 
therapy [30].

Study outcomes
The primary outcome was the incidence of MACCE identified 
during the follow-up (median, 15.5 years; interquartile range 
[IQR], 8.3 to 15.8). MACCE were defined as the composite 
outcome consisting of CV death, MI, CAD, stroke, HF, and 
PAD. Information on CV related death, MI, CAD, stroke, HF, 
and PAD during follow-up was obtained. CV related death was 
defined according to the International Classification of Diseas-
es 10th Revision (ICD-10) codes I20–I82 (including ischemic 
heart disease, HF, ventricular arrhythmia, pulmonary throm-
boembolism, and ischemic and hemorrhagic stroke) using the 
Korean national database for the causes of death registered in 
the Korean National Statistics Office. Additionally, data were 
collected using an on-site interview questionnaire to ascertain 
the incidence of recent MI, CAD, stroke, HF, and PAD during 
biennial visits. MI was defined as a clinical emergency where 
the patient recalled experiencing a heart attack episode that 
necessitated hospitalization or revascularization [31]. CAD 
was defined as requiring hospitalization or revascularization, 
excluding any incidents of MI recalled by the patient. Stroke 

was defined as a clinical emergency where the patient remem-
bered experiencing sudden paralysis, language impairment, or 
stroke that required hospitalization. HF was defined as any 
clinical event that the patient recalled requiring hospitaliza-
tion. PAD was defined as a clinical event that the patient re-
called requiring revascularization.

Metabolic index calculation
We calculated the indices for metabolic syndrome, including 
the metabolic syndrome component (0–5), metabolic syn-
drome severity score, and metabolic syndrome severity Z-
score. For NAFLD, we calculated indices including the hepatic 
steatosis index, fatty liver index, NAFLD liver fat score, and fi-
brosis-4 index. For IR, we calculated the indices including the 
TG index, homeostatic model assessment of insulin resistance 
(HOMA-IR), and metabolic score for IR (METS-IR). 

Components of metabolic syndrome were investigated ac-
cording to the modified National Cholesterol Education Pro-
gram, Adult Treatment Panel III (NCEP ATP-III) criteria [13], 
including the following: (1) abdominal obesity (waist circum-
ference >90 cm for men and >85 cm for women according to 
the Korean Society of Obesity) [32]; (2) hypertriglyceridemia 
(serum TG concentration of ≥150 mg/dL); (3) low HDL-C 
(serum HDL-C <40 mg/dL for men or <50 mg/dL for wom-
en); (4) hypertension (SBP >130 mm Hg, DBP >85 mm Hg or 
treatment with antihypertensive drugs); and (5) high fasting 
blood glucose (fasting serum glucose >100 mg/dL or previous 
diagnosis of type 2 diabetes mellitus). The metabolic syndrome 
severity score considers the weighted contribution of each of 
the five traditional metabolic syndrome components based on 
sex- and age-specific criteria; this formulation method has 
been previously reported in a study [15]. In this study, a formu-
la validated for the Koreans was used [7,33] and the metabolic 
syndrome severity score was expressed as a Z-score. 

The formula for the hepatic steatosis index, which is a validat-
ed index for detecting NAFLD, included 8×ALT/AST ratio+ 
BMI. Additional points (+2) were given if the patient had dia-
betes mellitus or was female [34]. The fatty liver index, which 
consists of BMI, waist circumference, TG, and GGT, is a vali-
dated index used in clinical practice for identifying hepatic ste-
atosis [35]. The equation for this index is as follows:

 e0.953×loge (TG)+0.319×BMI+0.718×loge (GGT)+0.053×waist circumference–15.7458 

1+e0.953×loge (TG)+0.319×BMI+0.718×loge (GGT)+0.053×waist circumference–15.7458  
×100



Kim HJ, et al.

452 Diabetes Metab J 2024;48:449-462  https://e-dmj.org

Table 1. Baseline characteristics

Characteristic Overall (n=9,337) Median (IQR) No. of missing (%)

Age, yr 51.85±8.82 50 (44 to 60) 0 

Male sex 4,407 (47.2) 0 

Body mass index, kg/m2 24.53±3.14 24.4 (22.4 to 26.4) 0 

Waist circumference, cm 82.77±8.80 83 (77 to 89) 0 

Income level 169 (1.8)

   ≥Median 4,595 (50.1)

Education level 74 (0.8)

   Lower than middle school 3,012 (32.5)

   Middle school 2,142 (23.1)

   High school 2,870 (31.0)

   University and college 1,239 (13.4)

Smoking status 124 (1.3)

   Current-smoker 2,379 (25.8)

   Ex-smoker 1,406 (15.3)

   Never-smoker 5,428 (58.9)

Alcohol consumption status 81 (0.9)

   Current-drinker 4,428 (47.8)

   Ex-drinker 574 (6.2)

   Never-drinker 4,254 (46.0)

Physical activity, METS-hr/wk 171.43±104.15 147 (89 to 253) 115 (1.23)

Systolic blood pressure, mm Hg 124.17±18.66 122 (110 to 134) 0 

Diastolic blood pressure, mm Hg 81.56±11.80 80 (72 to 90) 0 

Medical history

   Hypertension 955 (10.2) 0 

   Diabetes mellitus 200 (2.1) 0 

   Dyslipidemia 33 (0.4) 0 

   Chronic kidney disease 255 (2.7) 0 

Laboratory data

   eGFR, mL/min/1.73 m2 89.87±20.25 88 (74 to 104) 0 

   Fasting glucose, mg/dL 92.39±22.86 88 (82 to 95) 0 

   Glycosylated hemoglobin, % 5.73±0.82 5.6 (5.3 to 5.9) 1 (0.01)

   Total cholesterol, mg/dL 198.63±36.55 196 (173 to 221) 0 

   Triglyceride, mg/dL 151.55±108.06 124 (87 to 181) 0 

   HDL-C, mg/dL 49.74±11.89 48 (42 to 56) 0 

   LDL-C, mg/dL 122.41±31.93 121 (100 to 143) 1 (0.01)

Metabolic indices

   Metabolic syndrome severity Z-score –0.00000003030413±0.9999465 –0.06516 (–0.69028 to 0.58577) 0 

   Metabolic syndrome severity score 0.575±1.007 0.500 (–0.097 to 1.167) 0 

   Hepatic steatosis index 32.986±4.717 32.65 (29.76 to 35.95) 0 

(Continued to the next page)
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The NAFLD liver fat score, which is also a validated index for 
identifying NAFLD was calculated as follows: –2.89+1.18× 
metabolic syndrome (yes=1/no=0)+0.45×type 2 diabetes mel-
litus (yes=2/no=0)+0.15×insulin (mU/L)+0.04×AST (U/L)–
0.94×AST/ALT. The fibrosis-4 index is a validated index for 
predicting hepatic fibrosis was calculated by multiplying age 
with AST level (U/L) [36]. The triglyceride-glucose index (TyG) 
was calculated as ln (fasting TG×fasting glucose/2) [37]. The 
HOMA-IR was calculated using the following formula: (fasting 
insulin [U/L]×fasting glucose [mg/dL])/405 [33]. The METS-
IR is a metabolic index that quantifies IR [38] and was calculat-
ed using the following formula: 

ln[2×Glucose (mg/dL)+TG (mg/dL)]×BMI (kg/m2)

                  ln[HDL-C (mg/dL)]

Statistical analyses
All categorical data were expressed as frequencies and percent-
ages, and continuous variables were presented as means, stan-
dard deviations, medians, and IQR. Univariate analysis followed 
by multivariate Cox proportional hazards regression analyses 
was performed to evaluate the MACCE predictability for each 
metabolic index during follow-up, after adjusting for individual 

risk factors. Model 1 was adjusted for age (per 1 year) and sex, 
and model 2 was adjusted for the variables in model 1 as well as 
BMI, smoking status, alcohol consumption status, physical ac-
tivity (per 1 METs-hr/wk), income level, and education level. In 
addition to the adjustments for the variables in model 2, model 
3 was further adjusted for medical history, including hyperten-
sion, diabetes mellitus, dyslipidemia, and chronic kidney dis-
ease. The analysis was conducted by classifying the cutoff values 
and tertiles 1, 2, and 3 for each index. To determine the optimal 
cutoff value for each metabolic index in predicting MACCE, we 
conducted time-dependent receiver operating characteristic 
(ROC) curve analyses. Additionally, we measured the area un-
der the receiver operating characteristic curve (AUC) to evalu-
ate the predictability of MACCE for metabolic, NAFLD, and IR 
index, and the DeLong test was used to compare the perfor-
mance between each index. Furthermore, we evaluated the pre-
dictability of MACCE using the established cut-off values for 
detecting liver fibrosis and hepatic steatosis as suggested in the 
NAFLD guidelines (hepatic steatosis index, fatty liver index, 
NAFLD liver fat score, and fibrosis-4 index) [34,39-41]. To eval-
uate the additional value of combining the metabolic syndrome 
severity Z-score and other metabolic indices, we analyzed the 
changes in the additive predictive value when adding other 

Characteristic Overall (n=9,337) Median (IQR) No. of missing (%)
   Fatty liver index 32.266±24.288 25.85 (11.48 to 49.01) 0 

   NAFLD liver fat score 2.187±4.389 1.136 (–1.480 to 5.093) 0 

   Fibrosis-4 index 1.186±1.196 1.005 (0.782 to 1.318) 0 

   TyG index 8.670±0.607 8.613 (8.237 to 9.040) 0 

   HOMA-IR 1.763±1.378 1.532 (1.100 to 2.156) 0 

   METS-IR 36.781±6.578 36.33 (32.05 to 41.00) 0 

Metabolic syndrome component

   Score 0 2,041 (21.9)

   Score 1 2,623 (28.1)

   Score 2 2,225 (23.8)

   Score 3 1,523 (16.3)

   Score 4 744 (8.0)

   Score 5 181 (1.9)

   Score ≥3 2,248 (26.2)

Values are presented as mean±standard deviation or number (%).
IQR, interquartile range; METS, metabolic score; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; NAFLD, nonalcoholic fatty liver disease; TyG, triglyceride glucose index; HOMA-IR, homeostatic 
model assessment for insulin resistance; METS-IR, metabolic score for insulin resistance. 

Table 1. Continued
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NAFLD or IR indices to the metabolic syndrome severity score 
with the highest AUC. Statistical significance was set at P<0.05. 
All analyses were performed using the open-source statistical 
software R version 4.2.2 (www.R-project.org, accessed on 31 
October 2022) and R-studio version 2022.12.0+353 (www.rstu-
dio.com, accessed on 03 December 2022). Various statistical 
packages, including tableone, timeROC, ggplot2, and rms were 
used for the analyses. 

RESULTS

Baseline characteristics
A total of 9,337 patients with an average age of 52 years were 
analyzed, among whom, 4,407 (47.2%) were male patients, and 
50% had an income level above the median. The prevalence of 
previously diagnosed CV risk factors was low; specifically, 955 
patients (10.2%) had hypertension, 200 patients (2.1%) had dia-
betes mellitus, and 33 patients (0.4%) had hyperlipidemia. Ta-
ble 1 presents the various metabolic indices, including the met-
abolic syndrome severity Z-score, metabolic syndrome severity 
score, hepatic steatosis index, fatty liver index, NAFLD liver fat 
score, fibrosis-4 index, TyG index, HOMA-IR, and METS-IR. 
The mean metabolic syndrome severity score was 0.575±1.007, 
and the mean metabolic syndrome severity Z-score was –0.000 
00003030413±0.9999465. Additionally, 2,448 (26.2%) patients 
had three or more components of the metabolic syndrome, with 
744 (8.0%) having four components and 181 (1.9%) having five 
components. 

MACCE predictability for each metabolic index
The median follow-up period was 15.5 years (IQR, 8.3 to 15.8). 
Of the 9,337 patients, 1,130 (12.1%) experienced MACCE dur-
ing the follow-up period, with 623 (6.7%) experiencing MAC-
CE specifically during the 10-year follow-up period. Table 2 
presents the quantitative evaluation of the 10-year MACCE 
risk by categorizing each metabolic index into cutoff and tertile 
values. All indices revealed significant hazard ratios (HRs) for 
predicting MACCE at values greater than the cutoff point. 
However, the results of the HRs varied after adjusting for each 
variable in models 1, 2, and 3. The metabolic syndrome severity 
Z-score, metabolic syndrome severity score, hepatic steatosis 
index, and NAFLD liver fat score significantly predicted MAC-
CE at values greater than the cutoff point and in the second and 
third tertiles. Among them, the metabolic syndrome severity 
score and metabolic syndrome severity Z-score had the highest 

HRs (HR, 1.794; 95% confidence interval [CI], 1.507 to 2.135 
[model 3]; HR, 1.730; 95% CI, 1.463 to 2.044 [model 3]). In ad-
dition, the HRs significantly increased in predicting MACCE 
as the number of metabolic syndrome components increased. 
In particular, even with one metabolic component, MACCE 
showed a 37% increase after 10 years (HR, 1.563; 95% CI, 1.108 
to 1.705). Moreover, when the metabolic components in-
creased to four and five, the HRs for model 3 were 1.981 (95% 
CI, 11.536 to 2.554) and 2.546 (95% CI, 1.771 to 3.661) respec-
tively, indicating an association with the number of compo-
nents. However, the fibrosis-4 index did not significantly pre-
dict MACCE, even when the index value exceeded the tertile 
after adjusting for multiple variables. Furthermore, the fatty 
liver index, TyG index, HOMA-IR, and METS-IR scores were 
only able to significantly predict MACCE when the score in-
creased above the tertile after adjusting for multiple variables. 
Building on the analysis, further evaluation of MACCE pre-
dictability was conducted using the established cut-off values 
for detecting liver fibrosis and hepatic steatosis, as suggested in 
the NAFLD guidelines. This additional analysis, presented in 
Supplementary Table 1, includes the hepatic steatosis index, 
fatty liver index, NAFLD liver fat score, and fibrosis-4 index. 
While the results varied across the indices and models, a gen-
eral trend emerged where higher index values were associated 
with increased HRs for MACCE. However, as the result of 
analysis using the cut-off value derived from the timeROC 
curve and tertile value, the fibrosis-4 index did not significantly 
predict MACCE even if it exceeded the cut-off value presented 
in the guidelines for fibrosis detection.

Fig. 2 presents the time-dependent ROC curve for MACCE 
and the MACCE predictive power of each index. The 10-year 
ASCVD score was observed to be the most effective index for 
predicting MACCE over 10 years in a general population, with 
an AUC value of 0.716 and a sensitivity and specificity of 0.768 
and 0.546, respectively. The metabolic syndrome severity Z-
score had an AUC value of 0.619, a cut-off value of –0.046, and 
a sensitivity and specificity of 0.661 and 0.522, respectively, for 
predicting MACCE over 10 years. The metabolic syndrome se-
verity Z-score revealed an AUC value close to that of the 10-
year ASCVD score for predicting MACCE. Other scores or in-
dices related to NAFLD, in the order of fibrosis-4 index (AUC, 
0.594), NAFLD liver fat score (AUC, 0.588), fatty liver index 
(AUC, 0.585), and hepatic steatosis index (AUC, 0.528), also 
exhibited AUC levels <0.6 for MACCE prediction (Fig. 2). Ad-
ditionally, indices related to IR, in the order of TyG index, 
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Table 2. Comprehensive index for predicting MACCE using the Cox-regression analysis

Variable
Hazard ratios (95% confidence interval)

Unadjusted Model 1a Model 2b Model 3c

Metabolic syndrome component

   ≥3 1.938 (1.720–2.183) 1.624 (1.438–1.834) 1.463 (1.274–1.679) 1.309 (1.135–1.510)

Metabolic syndrome component

   0 Reference Reference Reference Reference

   1 1.662 (1.349–2.047) 1.436 (1.165–1.770) 1.397 (1.125–1.735) 1.374 (1.108–1.705)

   2 2.088 (1.697–2.569) 1.654 (1.342–2.038) 1.610 (1.289–2.011) 1.563 (1.259–1.940)

   3 2.733 (2.212–3.376) 2.093 (1.690–2.591) 1.935 (1.531–2.446) 1.819 (1.453–2.276)

   4 3.520 (2.783–4.451) 2.441 (1.923–3.098) 2.236 (1.710–2.924) 1.981 (1.536–2.554)

   5 4.617 (3.282–6.496) 3.319 (2.351–4.686) 3.090 (2.132–4.479) 2.546 (1.771–3.660)

Metabolic syndrome severity Z-score

   Cut-off value of score

      >–0.046 1.974 (1.748–2.230) 1.645 (1.455–1.861) 1.539 (1.330–1.781) 1.489 (1.306–1.698)

   Tertiles of score

      Tertile 1 (–2.612 to –0.473) Reference Reference Reference Reference

      Tertile 2 (–0.473 to 0.363) 1.577 (1.338–1.859) 1.363 (1.156–1.608) 1.376 (1.160–1.633) 1.321 (1.113–1.569)

      Tertile 3 (0.363 to 9.359) 2.451 (2.102–2.858) 1.931 (1.653–2.256) 2.000 (1.703–2.348) 1.730 (1.463–2.044)

Metabolic syndrome severity score

   Cut-off value of score

      >0.997 1.990 (1.770–2.237) 1.816 (1.599–2.063) 1.695 (1.461–1.967) 1.513 (1.298–1.764)

   Tertiles of score

      Tertile 1 (–2.306 to 0.116)   Reference Reference Reference Reference

      Tertile 2 (0.116 to 0.922) 1.234 (1.049–1.451) 1.261 (1.068–1.487) 1.343 (1.131–1.593) 1.298 (1.093–1.541)

      Tertile 3 (0.922 to 10.309) 2.166 (1.870–2.510) 2.008 (1.708–2.359) 2.083 (1.762–2.463) 1.794 (1.507–2.135)

Hepatic steatosis index

   Cut-off value of score

      >31.295 1.217 (1.075–1.377) 1.416 (1.247–1.607) 1.292 (1.087–1.537) 1.204 (1.011–1.434)

   Tertiles of score

      Tertile 1 (17.185 to 30.778) Reference Reference Reference Reference

      Tertile 2 (30.778 to 34.700) 1.078 (0.929–1.251) 1.248 (1.074–1.451) 1.296 (1.109–1.514) 1.199 (1.025–1.403)

      Tertile 3 (34.700 to 55.771) 1.294 (1.121–1.494) 1.603 (1.383–1.857) 1.702 (1.461–1.983) 1.464 (1.250–1.715)

Fatty liver index

   Cut-off value of score

      >30.421 1.647 (1.465–1.852) 1.531 (1.360–1.723) 1.454 (1.245–1.698) 1.421 (1.253–1.611)

   Tertiles of score

      Tertile 1 (0.600 to 15.390) Reference Reference Reference Reference

      Tertile 2 (15.390 to 40.114) 1.405 (1.202–1.643) 1.235 (1.056–1.445) 1.240 (1.054–1.458) 1.167 (0.991–1.374)

      Tertile 3 (40.114 to 99.117) 1.878 (1.619–2.179) 1.681 (1.447–1.953) 1.752 (1.500–2.045) 1.523 (1.298–1.787)

(Continued to the next page)
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Variable
Hazard ratios (95% confidence interval)

Unadjusted Model 1a Model 2b Model 3c

NAFLD liver fat score

   Cut-off value of score

      >1.576 1.657 (1.472–1.864) 1.531 (1.360–1.725) 1.443 (1.240–1.681) 1.393 (1.227–1.582)

   Tertiles of score

      Tertile 1 (–5.032 to –0.806) Reference Reference Reference Reference

      Tertile 2 (–0.806 to 3.585) 1.424 (1.217–1.667) 1.265 (1.080–1.482) 1.246 (1.058–1.468) 1.183 (1.003–1.395)

      Tertile 3 (3.585 to 38.000) 1.982 (1.707–2.300) 1.780 (1.531–2.069) 1.835 (1.572–2.143) 1.588 (1.352–1.865)

Fibrosis-4 index

   Cut-off value of score

      >1.164 1.765 (1.571–1.984) 0.980 (0.860–1.117) 1.047 (0.915–1.198) 1.073 (0.938–1.228)

   Tertiles of score

      Tertile 1 (0.281 to 0.856) Reference Reference Reference Reference

      Tertile 2 (0.856 to 1.193) 1.257 (1.073–1.472) 0.850 (0.721–1.002) 0.869 (0.733–1.030) 0.872 (0.735–1.033)

      Tertile 3 (1.193 to 50.836) 2.022 (1.747–2.341) 0.888 (0.748–1.053) 0.968 (0.811–1.154) 0.996 (0.835–1.187)

TyG index

   Cut-off value of score

      >8.716 1.499 (1.334–1.685) 1.384 (1.231–1.556) 1.292 (1.139–1.465) 1.212 (1.067–1.376)

   Tertiles of score

      Tertile 1 (7.148 to 8.370) Reference Reference Reference Reference

      Tertile 2 (8.370 to 8.878) 1.418 (1.215–1.655) 1.211 (1.037–1.414) 1.121 (0.954–1.319) 1.099 (0.935–1.293)

      Tertile 3 (8.878 to 11.716) 1.781 (1.535–2.065) 1.545 (1.330–1.793) 1.399 (1.192–1.641) 1.288 (1.095–1.514)

HOMA-IR

   Cut-off value of score

      >1.566 1.370 (1.218–1.540) 1.462 (1.299–1.645) 1.377 (1.213–1.563) 1.306 (1.150–1.484)

   Tertiles of score

      Tertile 1 (0.018 to 1.235) Reference Reference Reference Reference

      Tertile 2 (1.235 to 1.923) 0.981 (0.844–1.139) 1.071 (0.921–1.244) 1.085 (0.929–1.268) 1.079 (0.924–1.261)

      Tertile 3 (1.923 to 59.107) 1.331 (1.156–1.532) 1.445 (1.253–1.666) 1.365 (1.170–1.593) 1.273 (1.089–1.487)

METS-IR

   Cut-off value of score

      >35.311 1.440 (1.275–1.627) 1.462 (1.294–1.652) 1.425 (1.198–1.695) 1.404 (1.232–1.600)

   Tertiles of score

      Tertile 1 (19.605 to 33.507) Reference Reference Reference Reference

      Tertile 2 (33.507 to 39.308) 1.126 (0.967–1.311) 1.176 (1.009–1.370) 1.243 (1.060–1.456) 1.173 (0.999–1.376)

     Tertile 3 (39.308 to 71.416) 1.520 (1.317–1.755) 1.595 (1.381–1.841) 1.707 (1.470–1.983) 1.487 (1.274–1.736)

MACCE, major adverse cardiovascular and cerebrovascular events; NAFLD, nonalcoholic fatty liver disease; TyG, triglyceride-glucose index; 
HOMA-IR, homeostatic model assessment of insulin resistance; METS-IR, metabolic score for insulin resistance. 
aAdjusted for age and sex, bAdjusted for age, sex, body mass index, smoking status, alcohol consumption status, physical activity (per 1METs-hour/
week), income level, and education level, cAdjusted for age, sex, smoking status, alcohol consumption status, physical activity (per 1METs-hour/
week), income level, education level, hypertension, diabetes mellitus, dyslipidemia, and chronic kidney disease.

Table 2. Continued
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METS-IR, and HOMA-IR, revealed an AUC of <0.6. The 10-
year ASCVD score and metabolic syndrome severity Z-score 
were significantly different from all other indices, except for 
the fibrosis-4 index, when comparing the AUC values of each 
index. A comparison of the indices is presented in Supplemen-
tary Table 2. Similarly, the predictive power of MACCE for 
each metabolic index demonstrated a consistent pattern in 
time-dependent ROC curves throughout 14 and 16 years of 
follow-up period (Supplementary Fig. 1).

Additional value of combining the metabolic syndrome 
severity Z-score and other metabolic indices
Among the metabolic indices, both the hepatic steatosis index 
and METS-IR revealed a significant increase in AUC for pre-
dicting MACCE when added to the metabolic syndrome se-
verity Z-score, indicating an additive value (Fig. 3). Combining 
the metabolic syndrome severity Z-score and hepatic steatosis 
index resulted in an AUC of 0.634, which was significantly 
higher than the AUC of metabolic syndrome severity Z-score 

Fig. 2. Time-dependent receiver operating characteristic (ROC) curve for major adverse cardiac and cerebrovascular events 
(MACCE) for each index. ASCVD, atherosclerotic cardiovascular disease; NAFLD, non-alcoholic fatty liver disease; TyG, triglyc-
erides; HOMA-IR, homeostatic model assessment of insulin resistance; AUC, area under the receiver operating characteristic 
curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value. 

At 10-year AUC Cut-off value 95% CI Sensitivity Specificity PPV NPV

10-Year ASCVD score 0.716 8.889 0.696–0.736 0.768 0.546 0.126 0.965
Metabolic syndrome severity Z-score 0.619 –0.046 0.597–0.642 0.661 0.522 0.105 0.948
Hepatic steatosis index 0.528 31.295 0.504–0.552 0.684 0.376 0.085 0.934
Fatty liver index 0.585 30.421 0.562–0.608 0.576 0.568 0.102 0.941
NAFLD liver fat score 0.588 1.576 0.565–0.611 0.6 0.549 0.101 0.942
Fibrosis-4 index 0.594 1.164 0.571–0.618 0.487 0.667 0.11 0.939
TyG index 0.58 8.716 0.557–0.603 0.532 0.585 0.098 0.937
HOMA-IR 0.542 1.566 0.517–0.567 0.56 0.528 0.091 0.934
Metabolic score for IR (METS-IR) 0.554 35.311 0.529–0.578 0.655 0.441 0.09 0.938
Metabolic syndrome component (0–5) 0.613 2 0.655 0.515 0.103 0.946
Metabolic syndrome severity score 0.608 0.997 0.459 0.708 0.117 0.939
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Fig. 3. Additional value of including other metabolic indices in the metabolic syndrome severity Z-score. IR, insulin resistance; 
AUC, area under the receiver operating characteristic curve; CI, confidence interval.

At 10-year AUC 95% CI

(A) Metabolic syndrome severity Z-score 0.619 0.597–0.642
(B) Hepatic steatosis index 0.528 0.504–0.552
(C) Metabolic score for IR (METS-IR) 0.554 0.529–0.578
(D) A+B 0.634 0.612–0.657
(E) A+C 0.641 0.619–0.664
(F) A+B+C 0.641 0.619–0.663
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alone (P<0.001). Combining the metabolic syndrome severity 
Z-score and METS-IR resulted in an AUC value of 0.641 
(P<0.001). Combining the metabolic syndrome severity Z-
score, hepatic steatosis index, and METS-IR resulted in an 
AUC of 0.641, which revealed significantly better MACCE 
predictability than that obtained from all other combinations, 
except for the combination of the metabolic syndrome severity 
Z-score and METS-IR (P values are presented in Supplemen-
tary Table 3).

DISCUSSION

Among the Korean population aged 40 to 69 years, with un-
known MACCE, 2,448 (26.2%) experienced metabolic syn-
drome according to the modified NCEP ATP-III criteria, of 
which 1,130 (12.1%) experienced MACCE during the follow-
up period and 623 (6.7%) experienced MACCE specifically 
during the 10-year follow-up period. Metabolic syndrome se-
verity score and Z-score were strongly associated with risk of 
MACCE occurrence. The hepatic steatosis index and NAFLD 
liver fat score also demonstrated an independent association 
with the risk of MACCE occurrence; however, other NAFLD 
and IR indices varied depending on whether they were in the 
second or third tertile range, after adjusting for confounding 
factors. Additionally, when comparing the predictive value of 
the 10-year ASCVD risk score and the indices for metabolic 
syndrome, NAFLD, and IR indices for MACCE over 10 years, 
the 10-year ASCVD risk score demonstrated superior predic-
tive power compared to those of the other indices. The meta-
bolic severity Z-score, with an AUC of 0.619, was observed to 
have the closest predictive power to the 10-year ASCVD risk 
score compared to that of the other predictors. Among the 
NAFLD indices, fibrosis-4 index, demonstrated the highest 
predictive power for MACCE, followed by the IR index. Addi-
tionally, the TyG index demonstrated the highest predictive 
power among the IR indices, although its AUC was <0.6. 
Moreover, the combination of the hepatic steatosis index and 
METS-IR with the metabolic syndrome severity Z-score dem-
onstrated an additional value in predicting MACCE. This 
combination demonstrated significantly improved predictabil-
ity for MACCE compared to that of the other combinations. 

Metabolic syndrome is an important health concern in the 
general population, and its prevalence is increasing worldwide 
[1,11,42]. The 2021 Metabolic Syndrome Fact Sheet in Korea 
highlights a dramatic increase in the prevalence of metabolic 

syndrome since 2015, with approximately 23% of adults aged 
≥19 years and approximately 50% of adults aged ≥65 years re-
ported to have developed metabolic syndrome [43]. The diag-
nostic criteria for metabolic syndrome have traditionally been 
based on the ATP-III criteria, and metabolic syndrome is iden-
tified only when abnormalities beyond the cut-offs for the 
three yes-or-no components are present [13]. To provide per-
sonalized treatment for individuals with metabolic syndrome, 
continuous variables are needed to evaluate CV outcomes in 
patients with metabolic syndrome. Moreover, considering the 
challenge of applying uniform criteria across different races, 
metabolic syndrome severity score formulas have been pro-
posed to classify patients based on their sex and race [15,44]. 
Recently, a metabolic syndrome severity score has been devel-
oped in Korea using data from the Korean National Health and 
Nutrition Examination Survey, which incorporates severity 
scores developed in the Western population [7,33]. These met-
abolic syndrome severity scores can be an independent predic-
tors of CVD in Korean middle-aged adults [7]. In our study, 
we determined that metabolic syndrome indices, including the 
metabolic syndrome severity score and metabolic syndrome 
components, were useful in predicting the 10-year MACCE. 
As the metabolic syndrome diagnostic criteria used in our 
study were based on the Asian criteria (modified NCEP ATP-
III criteria) [13], our findings aligned with those of previous 
studies demonstrating a strong association between metabolic 
syndrome severity score and the risk of developing coronary 
heart disease, MI, and stroke [7,45]. According to the results of 
our study, which categorized metabolic syndrome indices into 
cut-off values and tertiles to predict MACCE using HRs, we 
observed significant association between the metabolic syn-
drome severity Z-score, metabolic syndrome severity score, 
and metabolic syndrome components with an increased risk of 
MACCE, as their values exceeded the cut-off or upper tertile 
even after adjusting for prognostic variables. These results 
highlight the predictive power of these metabolic syndrome-
related indices for MACCE over a 10-year period. Notably, 
even with the presence of one metabolic syndrome compo-
nent, the risk of MACCE increased by 37% over a 10-year pe-
riod. Moreover, the risk of MACCE increases with an increase 
in the number of metabolic syndrome components. Interest-
ingly, the predictive power of the dichotomous criterion for 
metabolic syndrome component was not inferior to that of the 
metabolic syndrome severity Z-score, with an AUC of 0.613 
and a sensitivity and specificity of 0.655 and 0.515, respectively, 
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suggesting the need to investigate and manage individual risk 
factors for metabolic syndrome.

The 10-year ASCVD score is a well-known predictor of ad-
verse CV events. In our study, it was the most useful indicator 
for predicting MACCE events (AUC, 0.716) in the general 
population, with a sensitivity and specificity of 0.768 and 0.546, 
respectively. Nonetheless, the metabolic syndrome severity 
score exhibited the closest predictive power to the 10-year AS-
CVD score, and no previous research has conducted a com-
parative study of these two scores for adverse CV outcomes. 
Due to the complexity of the 10-year ASCVD risk score calcu-
lation, which includes variables such as sex, age, total choles-
terol, HDL-C, SBP, use of antihypertensive therapy, diabetes 
mellitus, and smoking history, its application is challenging in 
busy clinical settings. In contrast, the metabolic syndrome se-
verity score and number of metabolic syndrome components 
may provide a straightforward screening tool for predicting 
long-term CV outcomes in patients with relatively low-risk 
conditions. These findings underscore the significance of the 
metabolic syndrome severity score as a valuable tool for assess-
ing and evaluating metabolic syndrome. 

NAFLD and IR are involved in the pathophysiology of meta-
bolic syndrome. They share common underlying process and 
are important factors in the development of adverse CV out-
comes [9,46]. Several indices for assessing NAFLD and IR in-
clude the hepatic steatosis index, fatty liver index, NAFLD liver 
fat score, fibrosis-4 index, TyG index, HOMA-IR, and METS-
IR. Previous studies have demonstrated that these indices, re-
flecting NAFLD and IR, can predict CV risk [18-27]. However, 
our study revealed that all these indices had lower power than 
metabolic syndrome indices in predicting 10-year MACCE, 
with some indices demonstrating significant predictive ability 
only when the values exceeded the upper tertile for predicted 
the 10-year MACCE. The hepatic steatosis index and NAFLD 
liver fat score also demonstrated statistically significant HRs; 
however, these values were lower than those of the metabolic 
severity score. The fatty liver index, TyG index, HOMA-IR, and 
METS-IR demonstrated independent predictive significance 
only in the upper tertile group, and their HR values were small-
er than those of the metabolic severity score. Additionally, 
when evaluating the additional value of the combination of the 
metabolic syndrome severity Z-score and other metabolic in-
dices, the predictive power for MACCE significantly increased 
by incorporating the hepatic steatosis index and METS-IR to 
the metabolic syndrome severity Z-score. Combining NAFLD, 

IR indices and metabolic syndrome severity Z-score could 
serve as a screening tool for predicting CV outcomes in the 
general population. Furthermore, evaluation of their additive 
value could offer substantial background information for the 
development of a more precise risk-scoring system, thereby 
contributing to the advancement in clinical practice.

Each index for metabolic syndrome, NAFLD, and IR has its 
own characteristics and limitations. In specific patient popula-
tions including those with hypertension, diabetes mellitus, dys-
lipidemia, obesity, and conditions like NAFLD and IR, the 
metabolic syndrome severity score may exhibit superior pre-
dictive ability compared to those of other metabolic syndrome 
indicators. Nevertheless, the predictive accuracy is lower when 
compared to validated scoring systems, such as the ASCVD 
score. This result suggested that despite the growing interest in 
NAFLD and IR as emerging indices, their application as stand-
alone predictors in the actual clinical setting for predicting 
CVD could have limitations. However, these indices hold sig-
nificance in stratifying high-risk groups for primary preven-
tion. Therefore, further research is necessary to develop a more 
realistic scoring system and predictive tools using these indices, 
as well as to explore the role of these metabolic indices in strati-
fying high-risk groups for CVD in populations with hyperten-
sion, diabetes mellitus, dyslipidemia, and obesity.

This study has several limitations. First, our analysis focused 
on the predictive power of various metabolic, NAFLD, and IR 
indices for a 10-year MACCE, even though the Ansan-Ansung 
cohort data encompasses a median follow-up period of 15.5 
years (IQR, 8.3 to 15.8). This was done because it allows a direct 
comparison with the 10-year ASCVD risk score. Moreover, pre-
vious studies did not conduct a comparative analysis between 
different indices of metabolic syndromes, IR, and fatty liver for 
predicting CVD; thus justifying the adjustment of the time pe-
riod for analysis. Additionally, we presented a time-dependent 
ROC curve for MACCE of each index at 14- and 16-year fol-
low-ups in the Supplementary Fig. 1, except for the 10-year AS-
CVD risk score. Second, this study had certain limitations due 
to the inadequate consideration of potential confounding fac-
tors, which could have affected the relationship between meta-
bolic indices and MACCE. Furthermore, the observed associa-
tions may have been influenced by factors, such as genetic pre-
disposition, socioeconomic status, dietary habits, and medica-
tion use, which were not sufficiently accounted for in the pres-
ent study. Third, although the NAFLD indices—hepatic steato-
sis index, fatty liver index, NAFLD liver fat score, and fibrosis-4 



Kim HJ, et al.

460 Diabetes Metab J 2024;48:449-462  https://e-dmj.org

index—have validated cut-off values in the guidelines for de-
tecting liver fibrosis and hepatic steatosis, our study employed a 
different approach for predicting MACCE. We utilized the cut-
off value and the tertile value derived from the timeROC curve 
analysis. This approach acknowledges that the optimal cut-off 
values of the same index may vary depending on the predicted 
outcomes. Finally, the number of CV outcomes, except CV 
mortality, may have been underestimated due to exclusion from 
subsequent assessments, which is a limitation of the cohort 
data. However, the utilization of the Korean national database 
to determine the cardiac-related cause of death ensured that the 
number of patient who died was accurately reflected in this 
study.

In conclusion, the metabolic syndrome severity score and its 
components, along with certain indices for NAFLD and IR, 
demonstrated predictive value for long-term CV events in a 
middle-aged Korean population. Although the 10-year AS-
CVD risk score demonstrated the highest predictive power, the 
metabolic syndrome severity score exhibited the closest pre-
dictive ability among the metabolic indices assessed. Moreover, 
incorporating the representative indices of NAFLD and IR into 
the metabolic syndrome severity score may create a more real-
istic scoring system that considers the distinct characteristics 
and limitations of each index.
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Supplementary Table 1. NAFLD index for predicting MACCE using the Cox-regression analysis 

Variable
Hazard ratios (95% confidence interval)

Unadjusted Model 1 Model 2 Model 3

Hepatic steatosis index

   Cut-off value for detecting NAFLDa

      <30 Reference Reference Reference Reference

      30–36 1.049 (0.908–1.213) 1.251 (1.079–1.450) 1.149 (0.956–1.382) 1.077 (0.895–1.296)

      >36 1.222 (1.039–1.437) 1.568 (1.326–1.854) 1.307 (0.998–1.713) 1.143 (0.871–1.502)

Fatty liver index

   Cut-off value for detecting NAFLDa

      <30 Reference Reference Reference Reference

      30–<60 1.519 (1.329–1.737) 1.382 (1.209–1.581) 1.428 (1.244–1.639) 1.304 (1.133–1.501)

      ≥60 1.809 (1.556–2.103) 1.748 (1.501–2.036) 1.796 (1.533–2.104) 1.569 (1.334–1.846)

NAFLD liver fat score

   Cut-off value for detecting NAFLDa    

      >–0.640 1.726 (1.508–1.976) 1.558 (1.360–1.784) 1.376 (1.162–1.628) 1.270 (1.073–1.504)

Fibrosis-4 index

   Cut-off value for detecting fibrosis in NAFLDa

      <1.3 Reference Reference Reference Reference

      1.3–2.67  1.737 (1.533–1.970) 0.971 (0.847–1.113) 1.030 (0.894–1.185) 1.058 (0.919–1.218)

      >2.67 2.198 (1.573–3.073) 1.115 (0.792–1.569) 1.076 (0.748–1.547) 1.076 (0.748–1.547)

NAFLD, nonalcoholic fatty liver disease; MACCE, major adverse cardiovascular and cerebrovascular events.
aCut-off value for detecting hepatic steatosis or liver fibrosis as suggested in the NAFLD guideline [34,39-41].
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Supplementary Table 2. Comparison of AUC for MACCE of 
each indices

At 10-year AUC 95% CI P value

(A) 10-Year ASCVD score 0.716 0.696–0.736

(B) �Metabolic syndrome  
severity Z-score

0.619 0.597–0.642

(C) Hepatic steatosis index 0.528 0.504–0.552

(D) Fatty liver index 0.585 0.562–0.608

(E) NAFLD liver fat score 0.588 0.565–0.611

(F) Fibrosis-4 index 0.594 0.571–0.618

(G) TyG index 0.58 0.557–0.603

(H) HOMA-IR 0.542 0.517–0.567

(I) �Metabolic score for IR 
(METS-IR)

0.554 0.529–0.578

(J) �Metabolic syndrome  
component (0–5)

0.613 0.590–0.635

AUC comparison

A vs. B <0.001

A vs. C <0.001

A vs. D <0.001

A vs. E <0.001

A vs. F <0.001

A vs. G <0.001

A vs. H <0.001

A vs. I <0.001

A vs. J <0.001

B vs. C <0.001

B vs. D <0.001

B vs. E <0.001

B vs. F 0.157

B vs. G <0.001

B vs. H <0.001

B vs. I <0.001

B vs. J 0.325

C vs. D <0.001

C vs. E <0.001

C vs. F <0.001

C vs. G <0.001

C vs. H 0.296

C vs. I <0.001

C vs. J <0.001

D vs. E 0.106

At 10-year AUC 95% CI P value

D vs. F 0.602

D vs. G 0.614

D vs. H 0.003

D vs. I <0.001

D vs. J 0.003

E vs. F 0.751

E vs. G 0.375

E vs. H 0.001

E vs. I <0.001

E vs. J 0.007

F vs. G 0.438

F vs. H 0.006

F vs. I 0.034

F vs. J 0.285

G vs. H 0.009

G vs. I 0.018

G vs. J 0.001

H vs. I 0.416

H vs. J <0.001

J vs. I <0.001

AUC, area under the curve; MACCE, major adverse cardiac and cere-
brovascular events; CI, confidence interval; ASCVD, atherosclerotic 
cardiovascular disease; NAFLD, non-alcoholic fatty liver disease; 
TyG, triglyceride; HOMA-IR, homeostatic model assessment of insu-
lin resistance.

(Continued to the next)

Supplementary Table 2. Continued
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Supplementary Table 3. Comparison of AUC for MACCE of 
each indices

At 10-year AUC 95% CI P value

(A) �Metabolic syndrome  
severity Z-score

0.619 0.597–0.642

(B) Hepatic steatosis index 0.528 0.504–0.552

(C) �Metabolic score for IR 
(METS-IR)

0.554 0.529–0.578

(D) A+B 0.634 0.612–0.657

(E) A+C 0.641 0.619–0.664

(F) A+B+C 0.641 0.619–0.663

AUC comparison

A vs. B <0.001

A vs. C <0.001

B vs. C <0.001

D vs. A 0.001

D vs. B <0.001

D vs. C <0.001

E vs. A <0.001

E vs. B <0.001

E vs. C <0.001

D vs. E 0.046

F vs. D <0.001

F vs. E 0.834

AUC, area under the curve; MACCE, major adverse cardiac and cere-
brovascular events; CI, confidence interval; IR, insulin resistance.
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Supplementary Fig. 1. Time-dependent receiver operating characteristic curve for major adverse cardiac and cerebrovascular 
events of each indices at (A) 14-year and (B) 16-year follow-up. NAFLD, non-alcoholic fatty liver disease; TyG, triglyceride; 
HOMA-IR, homeostatic model assessment of insulin resistance; IR, insulin resistance; AUC, area under the curve; PPV, positive 
predictive value; NPV, negative predictive value.

At 14-year AUC Cut-off value Sensitivity Specificity PPV NPV

Metabolic syndrome component (0–5) 0.626 1 0.658 0.523 0.15 0.823
Metabolic syndrome severity Z-score 0.63 –0.046 0.667 0.53 0.154 0.926
Metabolic syndrome severity score 0.618 1.001 0.467 0.716 0.174 0.913
Hepatic steatosis index 0.531 32.838 0.559 0.515 0.129 0.901
Fatty liver index 0.589 30.421 0.567 0.573 0.146 0.912
NAFLD liver fat score 0.594 1.489 0.595 0.55 0.145 0.914
Fibrosis-4 index 0.592 1.163 0.48 0.678 0.16 0.91
TyG index 0.583 8.384 0.764 0.36 0.133 0.922
HOMA-IR 0.544 1.69 0.505 0.589 0.136 0.903
Metabolic score for IR (METS-IR) 0.56 36.089 0.614 0.494 0.135 0.909

At 192-month (16-year) AUC Cut-off value Sensitivity Specificity PPV NPV

Metabolic syndrome component (0–5) 0.617 1 0.64 0.527 0.181 0.9
Metabolic syndrome severity Z-score 0.618 0.192 0.544 0.634 0.196 0.895
Metabolic syndrome severity score 0.606 0.872 0.496 0.673 0.199 0.891
Hepatic steatosis index 0.526 33.481 0.495 0.568 0.158 0.873
Fatty liver index 0.583 30.421 0.558 0.577 0.177 0.889
NAFLD liver fat score 0.589 1.446 0.587 0.551 0.176 0.891
Fibrosis-4 index 0.594 1.197 0.446 0.711 0.202 0.887
TyG index 0.578 8.336 0.779 0.333 0.161 0.902
HOMA-IR 0.541 1.654 0.508 0.576 0.164 0.877
Metabolic score for IR (METS-IR) 0.556 40.15 0.377 0.722 0.181 0.876
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