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Objective: Metabolic syndrome is a common condition among middle-aged and

elderly people. Recent studies have reported the association between obesity- and

lipid-related indices and metabolic syndrome, but whether those conditions could

predict metabolic syndrome is still inconsistent in a few longitudinal studies. In our

study, we aimed to predict metabolic syndrome by obesity- and lipid-related indices

in middle-aged and elderly Chinese adults.

Method: A national cohort study that consisted of 3,640 adults (≥45 years) was

conducted. A total of 13 obesity- and lipid-related indices, including body mass

index (BMI), waist circumference (WC), waist-to-height ratio (WHtR), conicity index

(CI), visceral adiposity index (VAI), Chinese visceral adiposity index (CVAI), lipid

accumulation product (LAP), a body shape index (ABSI), body roundness index

(BRI), and triglyceride glucose index (TyG-index) and its correlation index (TyG-BMI,

TyG-WC, and TyG-WHtR), were recorded. Metabolic syndrome (MetS) was defined

based on the criteria of the National Cholesterol Education Program Adult Treatment

Panel III (2005). Participants were categorized into two groups according to the

di�erent sex. Binary logistic regression analyseswere used to evaluate the associations

between the 13 obesity- and lipid-related indices and MetS. Receiver operating

characteristic (ROC) curve studies were used to identify the best predictor of MetS.

Results: A total of 13 obesity- and lipid-related indiceswere independently associated

with MetS risk, even after adjustment for age, sex, educational status, marital status,

current residence, history of drinking, history of smoking, taking activities, having

regular exercises, and chronic diseases. The ROC analysis revealed that the 12

obesity- and lipid-related indices included in the study were able to discriminate

MetS [area under the ROC curves (AUC > 0.6, P < 0.05)] and ABSI was not able

to discriminate MetS [area under the ROC curves (AUC < 0.6, P > 0.05)]. The AUC

of TyG-BMI was the highest in men, and that of CVAI was the highest in women.

The cuto� values for men and women were 187.919 and 86.785, respectively. The

AUCs of TyG-BMI, CVAI, TyG-WC, LAP, TyG-WHtR, BMI, WC, WHtR, BRI, VAI, TyG

index, CI, and ABSI were 0.755, 0.752, 0.749, 0.745, 0.735, 0.732, 0.730, 0.710,

0.710, 0.674, 0.646, 0.622, and 0.537 for men, respectively. The AUCs of CVAI, LAP,

TyG-WC, TyG-WHtR, TyG-BMI, WC, WHtR, BRI, BMI, VAI, TyG-index, CI, and ABSI
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were 0.687, 0.674, 0.674, 0.663, 0.656, 0.654, 0.645, 0.645, 0.638, 0.632, 0.607, 0.596,

and 0.543 for women, respectively. The AUC value for WHtR was equal to that for BRI

in predicting MetS. The AUC value for LAP was equal to that for TyG-WC in predicting

MetS for women.

Conclusion: Among middle-aged and older adults, all obesity- and lipid-related

indices, except ABSI, were able to predict MetS. In addition, in men, TyG-BMI is the

best indicator to indicate MetS, and in women, CVAI is considered the best hand to

indicate MetS. At the same time, TyG-BMI, TyG-WC, and TyG-WHtR performed better

than BMI, WC, and WHtR in predicting MetS in both men and women. Therefore,

the lipid-related index outperforms the obesity-related index in predicting MetS.

In addition to CVAI, LAP showed a good predictive correlation, even more closely

than lipid-related factors in predicting MetS in women. It is worth noting that ABSI

performed poorly, was not statistically significant in either men or women, and was

not predictive of MetS.

KEYWORDS

metabolic syndrome, lipids, obesity, national cohort study, middle-aged and elderly Chinese

Introduction

Metabolic syndrome (MetS) is a common condition among

middle-aged and elderly people. The prevalence was 19.2% in men

and 27.0% in women in China (1). The MetS consists of five

major components, namely, central obesity, elevated triglyceride

(TG) levels, low high-density lipoprotein cholesterol (HDL-C) levels,

elevated BP, and elevated fasting plasma glucose (FPG) levels

(2). Central obesity (3) and insulin resistance are considered the

main pathogenesis of MetS, while chronic inflammation (4, 5) and

stress response (6) also play important roles. Various pathological

damages, such as glucose and lipid dysfunction in the liver, free

fatty acid (FFAs) release from adipose tissues, impaired glucose

uptake in muscle, and defective insulin secretion in the pancreas,

can lead to central obesity or insulin resistance. At the same time,

chronic inflammation and stress reaction also play an important

role in this process. Figure 1 shows the main physiological changes

of MetS.

Several studies (7, 8) have shown that MetS causes different

degrees of damage to the cardiovascular system, digestive system,

and endocrine system. Obesity can result in a significantly increased

risk of death from other conditions such as cardiovascular

disease, digestive tract diseases, endocrine diseases, or cancer

(9). A cross-sectional analysis of 59 studies in the Middle East

Abbreviations: MetS, metabolic syndrome; BMI, body mass index; WC, waist

circumference; WHtR, waist-height ratio; CI, conicity index; VAI, visceral

adiposity index; CVAI, Chinese visceral adiposity index; LAP, lipid accumulation

product; ABSI, a body shape index; BRI, body roundness index; TyG, triglyceride

glucose; TyG-BMI, triglyceride glucose-body mass index; TyG-WC, triglyceride

glucose-waist circumference; TyG-WHtR, triglyceride glucose-waist-height

ratio; ROC, receiver operator curve; AUC, area under curve; TG, triglyceride;

HDL-C, high density lipoprotein cholesterol; BP, blood pressure; FPG, fasting

plasma glucose blood glucose; CHARLS, China Health and Retirement

Longitudinal Study; CAPI, computer-aided personal interview; IDF, international

diabetes federation; OR, odds ratio; ES, e�ect size; FFA, free fatty acid; IR,

insulin resistance; NCEP ATP III, National Cholesterol Education Program Adult

Treatment Panel III.

FIGURE 1

Pathophysiological changes of metabolic syndrome.

in 2017 found that the comprehensive estimated prevalence of

MetS was 25%, and it was also a significant cause of stroke,

coronary heart disease, and cardiovascular diseases (10). Gluvic

et al. (11) found that for patients with cardiovascular disease,

the mortality rate of patients with MetS is much higher than

that of patients without MetS. Meanwhile, MetS may lead to

cancer (12).
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FIGURE 2

Flowchart of the study participants.

A meta-analysis of global data from 28 million subjects

showed that the worldwide prevalence of MetS ranged from

12.5 to 31.4%, with the Eastern Mediterranean region and the

Americas showing significantly higher prevalence than other

regions (13). Among Europeans between the ages of 30 and

89 years, the incidence of MetS in men is 41%, while that

in women is 38% lower than that in men (14). Adult white

men were more likely to have abdominal obesity than other

races, whereas white women lacked the opposite, which may

explain this phenomenon (15). In the Asia Pacific region, the

Philippines reported a minimum prevalence of 11.9%, while

Pakistan reported a MetS prevalence of 49.0% (16). Possible

factors that affect the large difference in the incidence of MetS

in the Asia-Pacific region include smoking, alcohol consumption,

lack of physical activity, and unhealthy diet (17). We also

observed an increasing trend in the prevalence of MetS in

China (13.7% in 2000–2001 and 21.3% in 2009) (18, 19). A

cross-sectional study of 8,040 community residents in Jiangsu

Province, China, showed that the prevalence of MetS was 35.2% in

2014 (20).

Middle-aged and older adults often suffer from a variety of

chronic diseases. At the same time, their body immunity was low.

Therefore, MetS was more likely to cause more serious consequences

or even death. Consequently, it was necessary to find a practical

index for predicting MetS. Mounting evidence demonstrates that

obesity- and lipid-related indices could be associated with MetS.

The current meta-analysis attempts to estimate the strength of the

relationship between obesity- and lipid-related indices and MetS.

A recent meta-analysis conducted with 155 patients by Ecder and

Sasak (21) found that waist-to-height ratio (WHtR) in women [area

under the ROC curve (AUC) = 0.815, 95% CI = 0.687–0.942]

and waist circumference (WC) in men (AUC = 0.826, 95% CI =

0.741–0.911) prove to be better than other anthropometric measures

for predicting MetS in renal transplant recipients. Another meta-

analysis performed for the 232 participants by Khan et al. (22)

found that WHtR and AVI performed best in predicting MetS. In

addition, a number of meta-analysis studies (23–25) also proved

the association between obesity- and lipid-related indices and MetS.

Although the meta-analysis used cohort and cross-sectional studies

to confirm the potential association between obesity- and lipid-

related indicators and MetS, the strength of the prediction of

obesity- and lipid-related indicators for MetS was not analyzed in the

same field. In addition, most meta-analyses included only Western

participants, and some studies considered other ethnic groups, such

as Asians. Therefore, further studies in middle-aged and older adults

in China are needed to determine the strength of the association

between obesity- and lipid-related indices in predicting MetS in

Chinese participants.

To fill these gaps, we used longitudinal data from a nationally

representative sample of participants of community residents

in China who were ≥45 years old and explored to examine

the relationship between obesity- and lipid-related indices

and incidence of MetS. In addition, this study explored the

stability of the association between components of obesity-

and lipid-related indicators and MetS by controlling for

potential confounders.
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TABLE 1 Characteristics of participants with full samples in baseline (N = 3,640).

Variables Male Female Total t/X2 P

N N = 1,968 N = 1,672 N = 3,640

Age (years) 130.285 0.000

45–54 547 (27.79) 734 (43.90) 1,281 (35.19)

55–64 810 (41.16) 637 (38.10) 1,447 (39.75)

65–74 486 (24.70) 236 (14.11) 722 (19.84)

≥75 125 (6.35) 65 (3.89) 190 (5.22)

Education 366.202 0.000

Illiterate 274 (13.92) 700 (41.87) 974 (26.76)

Less elementary 1,476 (75.00) 872 (52.15) 2,348 (64.51)

High school 148 (7.52) 77 (4.61) 225 (6.18)

Above vocational 70 (3.56) 23 (1.38) 93 (2.55)

Marital status 9.547 0.002

Married 1,794 (91.16) 1,472 (88.04) 3,266 (89.73)

Single 174 (8.84) 200 (11.96) 374 (10.27)

Current residence 0.916 0.339

Rural 1,868 (94.92) 1,575 (94.20) 3,443 (94.59)

Urban 100 (5.08) 97 (5.80) 197 (5.41)

Current smoking 1,805.457 0.000

No 459 (23.32) 1,564 (93.54) 2,023 (55.58)

Former smoke 285 (14.48) 17 (1.02) 302 (8.30)

Current smoke 1,224 (62.20) 91 (5.44) 1,315 (36.13)

Alcohol drinking 821.328 0.000

No 820 (41.67) 1,459 (87.26) 2,279 (62.61)

Less than once a month 221 (11.23) 80 (4.78) 301 (8.27)

More than once a month 927 (47.10) 133 (7.95) 1,060 (29.12)

Taking activities 3.174 0.075

No 994 (50.51) 894 (53.47) 1,888 (51.87)

Yes 974 (49.49) 778 (46.53) 1,752 (48.13)

Having regular exercises 1.011 0.603

No exercise 1,213 (61.64) 1,004 (60.05) 2,217 (60.91)

Less than exercises 400 (20.33) 358 (21.41) 758 (20.82)

Regular exercises 355 (18.04) 310 (18.54) 665 (18.27)

Chronic diseases (counts) 0.544 0.762

0 704 (35.77) 584 (34.93) 1,288 (35.38)

1–2 974 (49.49) 848 (50.72) 1,822 (50.05)

3–14 290 (14.74) 240 (14.35) 530 (14.56)

WC 81.47± 7.67 80.91± 9.00 81.22± 8.32 1.988 0.047

BMI 21.91± 3.05 22.64± 3.65 22.25± 3.36 −6.471 0.000

WHtR 0.50± 0.05 0.53± 0.06 0.51± 0.05 −17.260 0.000

VAI 2.43± 1.58 3.27± 1.76 2.82± 1.71 −15.184 0.000

ABSI 8.18± 0.54 8.22± 0.59 8.20± 0.56 −2.238 0.025

BRI 3.39± 0.88 4.00± 1.20 3.67± 1.08 −17.310 0.000

(Continued)
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TABLE 1 (Continued)

Variables Male Female Total t/X2 P

N N = 1,968 N = 1,672 N = 3,640

LAP 17.93± 13.12 24.27± 13.42 20.84± 13.62 −14.351 0.000

CI 1.25± 0.08 1.27± 0.09 1.26± 0.08 −4.567 0.000

CVAI 75.67± 34.77 79.31± 31.81 77.34± 33.49 −3.291 0.001

TyG index 8.37± 0.47 8.36± 0.42 8.37± 0.45 0.936 0.349

TyG-BMI 183.58± 28.10 189.3± 32.26 186.21± 30.21 −5.661 0.000

TyG-WC 682.62± 78.37 676.48± 82.91 679.8± 80.53 2.294 0.022

TyG-WHtR 4.19± 0.47 4.43± 0.54 4.30± 0.52 −14.516 0.000

The data are presented either as the mean± SD or n (%).

WC, waist circumference; BMI, body mass index; WHtR, waist-to-height ratio; VAI, visceral adiposity index; ABSI, a body shape index; BRI, body roundness index; LAP, lipid accumulation product;

CVAI, cardio-ankle vascular index; CI, conicity index; TyG, triglyceride and glucose index; TyG-BMI, TyG related to BMI; TyG-WC, TyG related to WC; TyG-WHtR, TyG related to WHtR.

Materials and methods

Participants

Participants in this national cohort study were Chinese

community residents aged older than 45 years who participated in

the China Health and Retirement Longitudinal Study (CHARLS)

survey. CHARLS is a nationally representative longitudinal

survey of middle-aged and elderly Chinese adults and their

spouses. The CHARLS began in 2011 with a cohort of 17,596

participants between 45 and 101 (Waves1) years and collected

data in 2013 (Waves2) and 2015 (Waves3). Participants will

undergo face-to-face, computer-assisted personal interviews

(CAPIs), and structured questionnaires every 2 years. The

study used data from participants in Waves1 and Waves3. We

excluded individuals who met any of the following criteria

at baseline: (1) participants with MetS, (2) one of the 13

indices missing, and (3) age/sex/educational level/marital

status/current smoking/alcohol drinking/exercise/chronic

diseases/live place/activities missing. In addition, we excluded

participants with no follow-up data. The numbers of individuals

who completed both the baseline and follow-up surveys

were 3,640 for the long term (2011–2015). Figure 2 shows

a flow diagram of the study individuals, follow-up, and

missed follow-up.

Metabolic syndrome symptom

The NCEP ATP III (2005) (26, 27) proposed the definition

and diagnostic criteria of MetS. According to the standard

Chinese definition (28, 29), components of MetS are divided into

five categories:

(1) The waist circumference (WC) of central obesity is defined as

≥80 cm for women and ≥90 cm for men.

(2) Elevated TG levels: TG levels of ≥150 mg/dl.

(3) Low HDL-C levels: HDL-C levels of <40 mg/dl for men and

<50 mg/dl for women.

(4) Elevated BP: systolic blood pressure (SBP) of ≥130 mmHg

and/or diastolic blood pressure (DBP) of ≥85 mmHg or using

antihypertensive therapy.

(5) Elevated FPG levels: FPG levels of ≥100 mg/dl or using

antidiabetic medications or self-reported medical history

of diabetes.

When three of the five listed characteristics are present, a

diagnosis of MetS can be made.

Covariates

In this study, we classified the participants into two groups

according to gender. According to the International Diabetes

Federation (IDF) (30), age, obesity, and a lack of exercise are all

risk factors for MetS. Yang et al.’s (31) research shows that there

is a strong link between MetS and age and place of residence.

At the same time, smoking and drinking alcohol have also been

confirmed to lead to MetS (32, 33). According to the previous

standards (34, 35), we classified 14 chronic diseases, which were

divided into three categories according to the number of chronic

diseases: 0, 1–2, and 3–14. Referring to our previous research

(34, 36–42), we formulated the basis for choosing the 13 obesity-

and lipid-related indices. These bases included age, education,

marriage, residence, drinking, smoking, activities, exercise, and

chronic diseases. The classification of nine covariates is shown

as follows:

(1) Age: (1) below 45–54 years, (2) 55–64 years, (3) 65–74 years,

and (4) above 75 years.

(2) Education level: (1) illiterate, (2) less than elementary school,

(3) high school, and (4) above vocational school.

(3) Marital status: (1) single (divorced, never married, widowed,

or separated) and (2) married.

(4) Current residence: (1) rural and (2) urban.

(5) Current smoking: (1) current smokers, (2) former smokers,

and (3) never smokers.

(6) Alcohol drinking: (1) never drinker, (2) less than once a

month, and (3) more than once a month.

(7) Taking activities: (1) yes and (2) no.

(8) Having regular exercises: (1) no physical exercise, (2) less than

regular physical exercise, and (3) regular physical exercise.

(9) Chronic diseases: (1) 0, (2) 1–3, and (3) 4–16.
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TABLE 2 Follow-up characteristics of the study participants with and without MetS by sex in 2015.

Variables Male (N = 1,968) t/X2 P Female (N = 1,672) t/X2 P

With MetS Without MetS With MetS Without MetS

N = 253 N = 1,715 N = 418 N = 1,254

Age (years) 3.512 0.319 14.133 0.003

45–54 79 (31.23) 468 (27.29) 167 (39.95) 567 (45.22)

55–64 104 (41.11) 706 (41.17) 158 (37.80) 479 (38.20)

65–74 52 (20.55) 434 (25.31) 65 (15.55) 171 (13.64)

≥75 18 (7.11) 107 (6.24) 28 (6.70) 37 (2.95)

Education 7.024 0.071 1.107 0.775

Illiterate 32 (12.65) 242 (14.11) 168 (40.19) 532 (42.42)

Less

elementary

184 (72.73) 1,292 (75.34) 227 (54.31) 645 (51.44)

High school 21 (8.30) 127 (7.41) 18 (4.31) 59 (4.70)

Above

vocational

16 (6.32) 54 (3.15) 5 (1.20) 18 (1.44)

Marital status 0.008 0.930 4.362 0.037

Married 231 (91.30) 1,563 (91.14) 356 (85.17) 1,116 (89.00)

Single 22 (8.70) 152 (8.86) 62 (14.83) 138 (11.00)

Current residence 2.489 0.115 1.317 0.251

Rural 235 (92.89) 1,633 (95.22) 389 (93.06) 1,186 (94.58)

Urban 18 (7.11) 82 (4.78) 29 (6.94) 68 (5.42)

Current smoking 4.020 0.134 0.184 0.912

No 58 (22.92) 401 (23.38) 390 (93.30) 1,174 (93.62)

Former smoke 47 (18.58) 238 (13.88) 5 (1.20) 12 (0.96)

Current smoke 148 (58.5) 1,076 (62.74) 23 (5.50) 68 (5.42)

Alcohol drinking 4.050 0.132 1.770 0.413

No 103 (40.71) 717 (41.81) 370 (88.52) 1,089 (86.84)

Less than once

a month

20 (7.91) 201 (11.72) 15 (3.59) 65 (5.18)

More than

once a month

130 (51.38) 797 (46.47) 33 (7.89) 100 (7.97)

Taking activities 0.416 0.519 1.696 0.193

No 123 (48.62) 871 (50.79) 212 (50.72) 682 (54.39)

Yes 130 (51.38) 844 (49.21) 206 (49.28) 572 (45.61)

Having regular exercises 0.323 0.851 0.393 0.821

No exercise 156 (61.66) 1,057 (61.63) 251 (60.05) 753 (60.05)

Less than

exercises

54 (21.34) 346 (20.17) 86 (20.57) 272 (21.69)

Regular

exercises

43 (17.00) 312 (18.19) 81 (19.38) 229 (18.26)

Chronic diseases (counts) 2.387 0.303 3.767 0.152

0 100 (39.53) 604 (35.22) 130 (31.10) 454 (36.20)

1–2 114 (45.06) 860 (50.15) 222 (53.11) 626 (49.92)

3–14 39 (15.42) 251 (14.64) 66 (15.79) 174 (13.88)

WC 87.01± 8.09 80.65± 7.26 −12.798 0.000 84.52± 9.02 79.71± 8.68 −9.703 0.000

(Continued)
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TABLE 2 (Continued)

Variables Male (N = 1,968) t/X2 P Female (N = 1,672) t/X2 P

With MetS Without MetS With MetS Without MetS

N = 253 N = 1,715 N = 418 N = 1,254

BMI 23.84± 3.02 21.63± 2.95 −11.099 0.000 23.87± 3.73 22.23± 3.53 −8.081 0.000

WHtR 0.53± 0.05 0.50± 0.04 −11.478 0.000 0.55± 0.06 0.52± 0.06 −9.275 0.000

VAI 3.15± 1.83 2.32± 1.51 −6.884 0.000 3.82± 2.01 3.09± 1.62 −6.691 0.000

ABSI 8.22± 0.53 8.17± 0.54 −1.331 0.183 8.28± 0.60 8.20± 0.58 −2.404 0.016

BRI 3.97± 0.93 3.31± 0.83 −10.726 0.000 4.46± 1.28 3.85± 1.14 −8.677 0.000

LAP 27.54± 16.43 16.51± 11.92 −10.289 0.000 30.53± 15.00 22.18± 12.15 −10.307 0.000

CI 1.28± 0.08 1.25± 0.08 −5.376 0.000 1.29± 0.09 1.26± 0.09 −5.537 0.000

CVAI 103.07± 33.98 71.63± 33.02 −14.083 0.000 95.43± 31.37 73.93± 30.11 −12.512 0.000

TyG index 8.56± 0.45 8.35± 0.46 −6.702 0.000 8.46± 0.43 8.33± 0.42 −5.609 0.000

TyG-BMI 203.92± 27.27 180.57± 26.96 −12.842 0.000 201.90± 33.12 185.10± 30.85 −9.460 0.000

TyG-WC 744.31± 78.26 673.52± 74.19 −14.069 0.000 714.95± 84.11 663.65± 78.44 −11.369 0.000

TyG-WHtR 4.53± 0.46 4.13± 0.45 −13.028 0.000 4.67± 0.56 4.35± 0.51 −10.940 0.000

The data are presented either as the mean± SD or n (%).

WC, waist circumference; BMI, body mass index; WHtR, waist-to-height ratio; VAI, visceral adiposity index; ABSI, a body shape index; BRI, body roundness index; LAP, lipid accumulation product;

CVAI, cardio-ankle vascular index; CI, conicity index; TyG, triglyceride and glucose index; TyG-BMI, TyG related to BMI; TyG-WC, TyG related to WC; TyG-WHtR, TyG related to WHtR.

Measurements

At the end of exhalation and before inhalation, the circumference

of the midpoint line is measured between the lowest point of the rib

and the upper edge of the iliac crest with a soft ruler, which is called

WC (43). It is worth noting that the remaining 12 indicators need to

be calculated. BMI is calculated as the body mass (kg) divided by the

square of the body height (m) (44). WHtR is defined as the WC (m)

divided by the height (m) (45). The visceral adiposity index (VAI),

Chinese visceral adiposity index (CVAI), lipid accumulation product

(LAP), and triglyceride glucose index (TyG-index) are calculated to

obtain TG and HDL through invasive examination. VAI is calculated

by four indices, namely, WC, BMI, TG, and HDL (46). It is worth

noting that the figures in the calculation formulas of VAI for men

and women are slightly different, but they are all completed by

these four same measurement indices. A body shape index (ABSI)

is determined by a comprehensive calculation of WC, BMI, and

height (47). Body roundness index (BRI) is calculated using two basic

metrics, i.e., WC and height (48). LAP is calculated slightly differently

by subtracting a number (males: 65 cm, females: 58 cm) fromWC and

multiplying by TG (49). Themeasurementmethod of CI is completed

by WC, weight, and height (50). CVAI is calculated based on VAI to

develop a more suitable measurement of the Chinese people (51).

The calculation result with TG and glucose is defined as the TyG

index (52). At the same time, TyG-BMI, TyG-WC, and TyG-WHtR

are obtained by multiplying TyG with BMI, WC, andWHtR (53–55).

The 12 indices except WC are calculated as follows:

(1) BMI=Weight/Height2

(2) WHtR=WC/Height

(3) Males: VAI= WC
39.68+(1.88×BMI)

×
TG
1.03 ×

1.31
HDL

Females: VAI= WC
36.58+(1.89×BMI)

×
TG
0.81 ×

1.52
HDL

(4) ABSI= WC

Height
1
2 ×BMS

2
3

(5) BRI= 364.2− 365.5

√

1−
(

WC÷(2π)2

(0.5×Height)2

)

(6) Males: LAP= [WC (cm) – 65]× TG (mmol/L)

Females: LAP= [WC (cm) – 58]× TG (mmol/L)

(7) CI= WC(m)

0.019
√

weight(kg)
height(m)

(8) Males: CVAI=−267.93+ 0.68× age+ 0.03× BMI (kg/m2)

+ 4.00 ×WC (cm) + 22.00 × Log10TG (mmol/L) – 16.32 ×

HDL-C (mmol/L)

Females: CVAI = −187.32 + 1.71 × age + 4.32 × BMI

(kg/m2) + 1.12 × WC (cm) + 39.76 × Log10TG (mmol/L)

– 11.66×HDL-C (mmol/L)

(9) TyG index= Ln [(TG (mg/dl)× glucose (mg/dl)/2)]

(10) TyG-BMI= TyG× BMI

(11) TyG-WC= TyG×WC

(12) TyG-WHtR= TyG×WHtR.

Statistical analysis

All data were analyzed using the SPSS software, version 25.0

(IBM SPSS, Armonk, NY, USA). The chi-square test was used to

classify variables, and the t-test was used to determine the significant

differences between continuous variables. Using these two methods,

we tested the degree of correlation between covariates and 13 obesity-

and lipid-related indices and gender in Table 1. In Table 2, the

degree of association between these indices and the presence or

absence of MetS was examined. The receiver operating characteristic

(ROC) curve was drawn and AUC was calculated to check the

ability of these indices to identify the MetS. The cutoff points were
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TABLE 3 Cuto� value between area under curve, sensitivity, and specificity for obesity- and lipid-related indices to detect metabolic syndrome (CHARLS2011–2015) by sex.

N = 3,088 WC BMI WHtR VAI ABSI BRI LAP CI CVAI TyG index TyG-BMI TyG-WC TyG-WHtR

Male (N = 1,968)

Area under curve 0.730 0.732 0.710 0.674 0.537 0.710 0.745 0.622 0.752 0.646 0.755 0.749 0.735

Std. error 0.018 0.017 0.017 0.017 0.019 0.017 0.016 0.019 0.016 0.018 0.016 0.016 0.017

95% CI 0.695, 0.764 0.698, 0.766 0.675, 0.744 0.641, 0.708 0.500, 0.575 0.675, 0.744 0.713, 0.777 0.586, 0.659 0.721, 0.784 0.611, 0.682 0.723, 0.787 0.717, 0.781 0.703, 0.768

P-value 0.000 0.000 0.000 0.000 0.055 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Optimal cutoffs 83.950 22.569 0.509 2.030 8.054 3.523 16.896 1.264 85.284 8.493 187.919 705.405 4.342

J-Youden 0.400 0.384 0.336 0.283 0.079 0.335 0.402 0.208 0.402 0.282 0.395 0.399 0.399

Sensitivity (%) 0.715 0.692 0.692 0.751 0.672 0.692 0.775 0.613 0.727 0.625 0.735 0.715 0.668

Specificity (%) 0.685 0, 692 0.644 0.532 0.407 0.644 0.627 0.595 0.675 0.657 0.660 0.683 0.694

(+) Likelihood ratio 2.270 2.247 1.944 1.605 1.133 1.942 2.079 1.514 2.239 1.821 2.162 2.260 2.183

(–) Likelihood ratio 0.416 0.445 0.478 0.468 0.806 0.479 0.359 0.650 0.404 0.571 0.402 0.416 0.478

Female (N = 1,672)

Area under curve 0.654 0.638 0.645 0.632 0.543 0.645 0.674 0.596 0.687 0.607 0.656 0.674 0.663

Std. error 0.015 0.015 0.015 0.015 0.016 0.015 0.015 0.016 0.015 0.016 0.015 0.015 0.015

95% CI 0.624, 0.683 0.608, 0.667 0.616, 0.675 0.602, 0.662 0.511, 0.575 0.616, 0.675 0.644, 0.703 0.565, 0.626 0.658, 0.716 0.576, 0.637 0.627, 0.685 0.645, 0.703 0.633, 0.692

P-value 0.000 0.000 0.000 0.000 0.009 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Optimal cutoffs 82.700 21.923 0.517 3.244 7.918 3.680 23.723 1.275 86.785 8.297 187.164 644.630 4.265

J-Youden 0.240 0.224 0.231 0.225 0.089 0.231 0.264 0.175 0.276 0.203 0.233 0.252 0.235

Sensitivity (%) 0.574 0.708 0.725 0.589 0.775 0.725 0.644 0.574 0.603 0.711 0.656 0.821 0.773

Specificity (%) 0.666 0.516 0.506 0.636 0.313 0.506 0.620 0.601 0.673 0.492 0.577 0.431 0.462

(+) Likelihood ratio 1.719 1.463 1.468 1.618 1.129 1.468 1.695 1.439 1.844 1.400 1.551 1.443 1.437

(–) Likelihood ratio 0.640 0.566 0.543 0.646 0.718 0.543 0.574 0.709 0.590 0.587 0.596 0.416 0.491

WC, waist circumference; BMI, body mass index; WHtR, waist to height ratio; VAI, visceral adiposity index; ABSI, a body shape index; BRI, body roundness index; LAP, lipid accumulation product; CVAI, cardio-ankle vascular index; CI, conicity index; TyG, triglyceride

and glucose index; TyG-BMI, TyG related to BMI; TyG-WC, TyG related to WC; TyG-WHtR, TyG related to WHtR.
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FIGURE 3

The ROC curves of each indicator in the prediction of MetS risk in male. (A) = WC, (B) = BMI, (C) = WHtR, (D) = VAI, (E) = ABSI, (F) = BRI, (G) = LAP, (H) =

CI, (I) = CVAI, (J) = TyG-index, (K) = TyG-BMI, (L) = TyG-WC, (M) = TyG-WHtR.

selected using the Youden index (sensitivity + specificity – 1).

The likelihood ratio was determined, and the effect size (ES) and

odds ratio (OR) for each metric were calculated to determine the

predictor for each metric. The p-value obtained by the statistical

significance test was generally considered statistically significant

when P < 0.05 and extremely significant when P < 0.001. According

Frontiers in PublicHealth 09 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1073824
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Gui et al. 10.3389/fpubh.2023.1073824

FIGURE 4

The ROC curves of each indicator in the prediction of MetS risk in female. (A) = WC, (B) = BMI, (C) = WHtR, (D) = VAI, (E) = ABSI, (F) = BRI, (G) = LAP, (H)

= CI, (I) = CVAI, (J) = TyG-index, (K) = TyG-BMI, (L) = TyG-WC, (M) = TyG-WHtR.

to optimal cutoff values of the 13 obesity- and lipid-related indices,

they were divided into two categorical variables, and OR and 95%

CI of each obesity- and lipid-related indices with MetS components

were recalculated. After adjusting for age, education level, marital

status, current residence, current smoking, alcohol drinking, taking

activities, doing regular exercise, and chronic diseases, OR and 95%

CI of each obesity- and lipid-related indices with MetS components

were calculated.
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TABLE 4 Associations of obesity- and lipid-related indices with MetS (CHARLS2011–2015) and its components.

MetS and
its
components

WC BMI WHtR VAI ABSI BRI LAP CI CVAI TyG
index

TyG-BMI TyG-WC TyG-
WHtR

Male

MetS

Unadjusted OR

(95% CI)

5.470

(4.087, 7.321)∗∗
5.030

(3.780, 6.694)∗∗
3.947

(2.975, 5.238)∗∗
3.425

(2.537, 4.625)∗∗
1.402

(1.060, 1.855)∗
4.054

(3.050, 5.388)∗∗
5.790

(4.244, 7.901)∗∗
2.310

(1.762, 3.028)∗∗
5.544

(4.129, 7.443)∗∗
3.188

(2.425, 4.190)∗∗
5.390

(4.007, 7.251)∗∗
5.426

(4.054, 7.262)∗∗
4.548

(3.434, 6.024)∗∗

P-value 0.000 0.000 0.000 0.000 0.018 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Adjusted OR

(95% CI)

5.574

(4.133, 7.518)∗∗
5.137

(3.820, 6.907)∗∗
4.004

(3.006, 5.332)∗∗
3.426

(2.528, 4.642)∗∗
1.514

(1.136, 2.019)∗
4.110

(3.081, 5.481)∗∗
5.841

(4.256, 8.016)∗∗
2.391

(1.817, 3.145)∗∗
5.893

(4.351, 7.979)∗∗
3.167

(2.405, 4.169)∗∗
5.522

(4.064, 7.504)∗∗
5.570

(4.129, 7.512)∗∗
4.601

(3.460, 6.118)∗∗

P-value 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Elevated triglycerides

Unadjusted OR

(95% CI)

2.234

(1.770, 2.818)∗∗
2.278

(1.805, 2.875)∗∗
2.011

(1.595, 2.535)∗∗
3.930

(3.022, 5.111)∗∗
1.303

(1.025, 1.657)∗
2.035

(1.614, 2.565)∗∗
4.074

(3.179, 5.223)∗∗
1.392

(1.106, 1.752)∗
2.886

(2.282, 3.651)∗∗
4.185

(3.281, 5.336)∗∗
2.998

(2.367, 3.798)∗∗
3.453

(2.722, 4.380)∗∗
3.294

(2.601, 4.172)∗∗

P-value 0.000 0.000 0.000 0.000 0.031 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.000

Adjusted OR

(95% CI)

2.178

(1.714, 2.766)∗∗
2.127

(1.672, 2.706)∗∗
2.069

(1.633, 2.621)∗∗
3.830

(2.934, 4.999)∗∗
1.526

(1.190, 1.957)∗∗
2.090

(1.650, 2.647)∗∗
3.981

(3.090, 5.130)∗∗
1.508

(1.193, 1.907)∗∗
3.115

(2.440, 3.977)∗∗
4.089

(3.199, 5.225)∗∗
2.844

(2.228, 3.630)∗∗
3.466

(2.713, 4.430)∗∗
3.395

(2.667, 4.323)∗∗

P-value 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000

Reduced HDL-C

Unadjusted OR

(95% CI)

1.579

(1.209, 2.063)∗∗
1.619

(1.239, 2.116)∗∗
1.242

(0.951, 1.623)

2.478

(1.864, 3.293)∗∗
0.990

(0.755, 1.298)

1.294

(0.991, 1.689)

1.356

(1.040, 1.769)∗
1.104

(0.846, 1.441)

1.874

(1.436, 2.446)∗∗
1.254

(0.958, 1.640)

1.324

(1.014, 1.730)∗
1.428

(1.092, 1.867)∗
1.348

(1.029, 1.766)∗

P-value 0.001 0.000 0.112 0.000 0.943 0.058 0.024 0.467 0.000 0.099 0.039 0.009 0.030

Adjusted OR

(95% CI)

1.709

(1.296, 2.252)∗∗
1.762

(1.333, 2.329)∗∗
1.309

(0.997, 1.719)

2.404

(1.801, 3.208)∗∗
1.037

(0.784, 1.372)

1.364

(1.040, 1.790)∗
1.400

(1.065, 1.838)∗
1.169

(0.892, 1.533)

2.031

(1.543, 2.674)∗∗
1.232

(0.939, 1.617)

1.404

(1.063, 1.853)∗
1.528

(1.158, 2.015)∗
1.407

(1.069, 1.853)∗

P-value 0.000 0.000 0.053 0.000 0.797 0.025 0.016 0.258 0.000 0.133 0.017 0.003 0.015

Elevated blood pressure

Unadjusted OR

(95% CI)

1.513

(1.258, 1.819)∗∗
1.520

(1.263, 1.830)∗∗
1.774

(1.479, 2.130)∗∗
1.082

(0.907, 1.292)

1.217

(1.015, 1.458)∗
1.759

(1.466, 2.110)∗∗
1.372

(1.147, 1.641)∗∗
1.346

(1.126, 1.610)∗
1.499

(1.248, 1.801)∗∗
1.417

(1.180, 1.701)∗∗
1.474

(1.229, 1.768)∗∗
1.480

(1.231, 1.779)∗∗
1.642

(1.363, 1.978)∗∗

P-value 0.000 0.000 0.000 0.380 0.034 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000

Adjusted OR

(95% CI)

1.676

(1.380, 2.036)∗∗
1.794

(1.472, 2.186)∗∗
1.803

(1.492, 2.178)∗∗
1.173

(0.976, 1.410)

1.040

(0.860, 1.258)

1.792

(1.484, 2.164)∗∗
1.493

(1.237, 1.803)∗∗
1.248

(1.038, 1.501)∗
1.478

(1.221, 1.790)∗∗
1.507

(1.248, 1.820)∗∗
1.718

(1.415, 2.086)∗∗
1.576

(1.298, 1.912)∗∗
1.671

(1.378, 2.027)∗∗

P-value 0.000 0.000 0.000 0.088 0.682 0.000 0.000 0.018 0.000 0.000 0.000 0.000 0.000

Elevated fasting glucose

Unadjusted OR

(95% CI)

1.375

(1.129, 1.673)∗
1.211

(0.993, 1.476)

1.348

(1.110, 1.637)∗
1.208

(0.997, 1.463)

1.284

(1.053, 1.566)∗
1.362

(1.122, 1.654)∗
1.368

(1.128, 1.660)∗
1.287

(1.062, 1.560)∗
1.382

(1.136, 1.680)∗
1.658

(1.364, 2.016)∗∗
1.423

(1.172, 1.729)∗∗
1.475

(1.212, 1.794)∗∗
1.468

(1.205, 1.788)∗∗

P-value 0.002 0.058 0.003 0.054 0.013 0.002 0.001 0.010 0.001 0.000 0.000 0.000 0.000

(Continued)
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TABLE 4 (Continued)

MetS and
its
components

WC BMI WHtR VAI ABSI BRI LAP CI CVAI TyG
index

TyG-BMI TyG-WC TyG-
WHtR

Adjusted OR

(95% CI)

1.424

(1.163, 1.743)∗∗
1.272

(1.036, 1.563)∗
1.347

(1.105, 1.640)∗
1.255

(1.032, 1.527)∗
1.222

(0.996, 1.499)

1.364

(1.120, 1.661)∗
1.418

(1.163, 1.730)∗∗
1.246

(1.025, 1.514)∗
1.392

(1.139, 1.702)∗
1.722

(1.413, 2.098)∗∗
1.510

(1.232, 1.849)∗∗
1.526

(1.246, 1.868)∗∗
1.477

(1.208, 1.806)∗∗

P-value 0.001 0.022 0.003 0.023 0.055 0.002 0.001 0.027 0.001 0.000 0.000 0.000 0.000

Female

MetS

Unadjusted OR

(95% CI)

2.687

(2.142, 3.370)∗∗
2.586

(2.038, 3.282)∗∗
2.648

(2.082, 3.367)∗∗
2.494

(1.989, 3.127)∗∗
1.567

(1.210, 2.030)∗∗
2.703

(2.123, 3.441)∗∗
2.931

(2.328, 3.690)∗∗
2.033

(1.625, 2.545)∗∗
3.125

(2.486, 3.928)∗∗
2.377

(1.873, 3.018)∗∗
2.591

(2.057, 3.263)∗∗
3.470

(2.639, 4.563)∗∗
2.916

(2.262, 3.761)∗∗

P-value 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Adjusted OR

(95% CI)

2.764

(2.195, 3.480)∗∗
3.045

(2.363, 3.925)∗∗
2.619

(2.055, 3.337)∗∗
2.552

(2.029, 3.209)∗∗
1.485

(1.135, 1.943)∗
2.669

(2.092, 3.404)∗∗
2.999

(2.374, 3.788)∗∗
1.945

(1.542, 2.452)∗∗
3.072

(2.416, 3.906)∗∗
2.332

(1.834, 2.967)∗∗
2.932

(2.300, 3.737)∗∗
3.547

(2.690, 4.678)∗∗
2.895

(2.241, 3.741)∗∗

P-value 0.000 0.000 0.000 0.000 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Elevated triglycerides

Unadjusted OR

(95% CI)

1.491

(1.182, 1.88)∗∗
1.581

(1.248, 2.001)∗∗
1.549

(1.223, 1.962)∗∗
3.063

(2.413, 3.888)∗∗
1.367

(1.050, 1.780)∗
1.580

(1.246, 2.002)∗∗
2.770

(2.182, 3.516)∗∗
1.338

(1.063, 1.685)∗
2.066

(1.637, 2.606)∗∗
3.162

(2.436, 4.104)∗∗
1.992

(1.575, 2.519)∗∗
2.199

(1.692, 2.859)∗∗
2.183

(1.694, 2.814)∗∗

P-value 0.001 0.000 0.000 0.000 0.020 0.000 0.000 0.013 0.000 0.000 0.000 0.000 0.000

Adjusted OR

(95% CI)

1.464

(1.159, 1.849)∗
1.536

(1.203, 1.961)∗∗
1.544

(1.217, 1.958)∗∗
3.069

(2.415, 3.901)∗∗
1.494

(1.135, 1.966)∗
1.578

(1.243, 2.002)∗∗
2.733

(2.15, 3.473)∗∗
1.417

(1.116, 1.799)∗
2.300

(1.798, 2.942)∗∗
3.224

(2.478, 4.193)∗∗
1.955

(1.536, 2.487)∗∗
2.174

(1.670, 2.829)∗∗
2.183

(1.691, 2.819)∗∗

P-value 0.001 0.001 0.000 0.000 0.004 0.000 0.000 0.004 0.000 0.000 0.000 0.000 0.000

Reduced HDL-C

Unadjusted OR

(95% CI)

1.466

(1.189, 1.807)∗∗
1.542

(1.25, 1.903)∗∗
1.272

(1.032, 1.567)∗
2.702

(2.186, 3.34)∗∗
0.989

(0.788, 1.241)

1.273

(1.033, 1.568)∗
1.702

(1.383, 2.096)∗∗
1.079

(0.877, 1.327)

1.662

(1.348, 2.048)∗∗
1.416

(1.147, 1.748)∗
1.497

(1.217, 1.842)∗∗
1.444

(1.16, 1.797)∗
1.346

(1.087, 1.666)∗

P-value 0.000 0.000 0.024 0.000 0.925 0.024 0.000 0.474 0.000 0.001 0.000 0.001 0.006

Adjusted OR

(95% CI)

1.456

(1.179, 1.797)∗∗
1.509

(1.214, 1.876)∗∗
1.272

(1.031, 1.570)∗
2.697

(2.18, 3.338)∗∗
1.052

(0.83, 1.332)

1.275

(1.033, 1.573)∗
1.687

(1.369, 2.080)∗∗
1.145

(0.924, 1.419)

1.851

(1.483, 2.310)∗∗
1.438

(1.163, 1.778)∗∗
1.462

(1.182, 1.809)∗∗
1.436

(1.1520, 1.791)∗
1.350

(1.088, 1.674)∗

P-value 0.000 0.000 0.025 0.000 0.677 0.024 0.000 0.217 0.000 0.001 0.000 0.001 0.006

Elevated blood pressure

Unadjusted OR

(95% CI)

1.360

(1.109, 1.667)∗
1.108

(0.906, 1.355)

1.437

(1.173, 1.762)∗∗
0.934

(0.762, 1.145)

1.172

(0.937, 1.464)

1.452

(1.185, 1.781)∗∗
1.197

(0.979, 1.464)

1.487

(1.215, 1.819)∗∗
1.859

(1.515, 2.28)∗∗
1.121

(0.916, 1.372)

1.048

(0.858, 1.281)

1.219

(0.988, 1.503)

1.259

(1.025, 1.547)∗

P-value 0.003 0.318 0.000 0.512 0.164 0.000 0.079 0.000 0.000 0.269 0.646 0.064 0.028

Adjusted OR

(95% CI)

1.505

(1.212, 1.870)∗∗
1.563

(1.250, 1.953)∗∗
1.44

(1.161, 1.785)∗∗
0.937

(0.756, 1.160)

0.814

(0.638, 1.039)

1.445

(1.165, 1.791)∗∗
1.285

(1.038, 1.589)∗
1.142

(0.920, 1.417)

1.439

(1.154, 1.795)∗
1.015

(0.82, 1.257)

1.347

(1.084, 1.675)∗
1.304

(1.044, 1.629)∗
1.227

(0.987, 1.525)

P-value 0.000 0.000 0.001 0.549 0.098 0.001 0.021 0.229 0.001 0.890 0.007 0.019 0.066

(Continued)
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Results

Table 1 shows the baseline characteristics of participants

according to gender differences. The number of participants

was 3,640; 54.07% were men and 45.93% were women. Notably,

10.27% were single; 94.59% were living in rural areas; 8.30%

were former smokers and 36.13% were current smokers;

8.27% were drinking less than once a month and 29.12%

were drinking more than once a month; 48.13% were taking

activities; 50.05% had 1–2 chronic diseases and 14.56% had 3–

14 chronic diseases. Meanwhile, the current residence, taking

activities, doing regular exercises, and chronic disease counts

were not statistically significant between the male and female

subgroups (P > 0.05).

Table 2 shows the baseline characteristics of the study participants

with and without MetS by sex. A total of 3,640 participants were

classified into two groups according to sex. A total of 1,968

men, robust with MetS (12.86%) and without MetS (87.14%)

at baseline, were included in the national cohort analysis. A

total of 1,672 women, robust with MetS (25.00%) and without

MetS (75.00%) at baseline, were included in the national cohort

analysis. There was no significant difference in ABSI between

subgroups of patients with and without MetS, whether in men

or women (P > 0.05). At the same time, the remaining 12

indicators differed between subgroups of patients with and without

MetS (P < 0.05).

Table 3 shows ROC analysis and AUC results of obesity- and

lipid-related indices. We observed the predictive value of obesity-

and lipid-related indicators for MetS by sex using the ROC. The

ROC curves of each indicator in the prediction of MetS risk in men

and women are shown in Figures 3, 4, respectively. In men, the

largest AUC was observed for the TyG-BMI index (AUC = 0.755,

Std. Error = 0.016, 95% CI = 0.723–0.787, and optimal cutoff value

= 187.919). The prediabetes predictive values were similar to the

CVAI (AUC = 0.752, Std. Error = 0.016, 95% CI = 0.721–0.784,

and optimal cutoff value = 85.284), TyG-WC (AUC = 0.749, Std.

Error = 0.016, 95% CI = 0.717–0.781, and optimal cutoff value

= 705.405), and LAP (AUC = 0.745, Std. Error = 0.016, 95%

CI = 0.713–0.777, and optimal cutoff value = 16.896) indices. In

contrast, the AUC of ABSI did not reach statistical significance (P

= 0.055). In women, the largest AUC was observed for the CVAI

index (AUC = 0.687, Std. Error = 0.015, 95% CI = 0.658–0.716,

and optimal cutoff value= 86.785). The prediabetes predictive values

were similar to the LAP (AUC = 0.674, Std. Error = 0.015, 95% CI

= 0.644–0.703, and optimal cutoff value = 23.723), TyG-WC (AUC

= 0.674, Std. Error = 0.015, 95% CI = 0.645–0.703, and optimal

cutoff value = 644.630), and TyG-WHtR (AUC = 0.663, Std. Error

= 0.015, 95% CI = 0.633–0.692, and optimal cutoff value = 4.265)

indices. As in men, the AUC of ABSI in women was not statistically

significant (P = 0.009).

Table 4 shows that MetS and its components increase gradually

with the increase of obesity- and lipid-related indices in both sexes.

For instance, in men, a unit increase in WC was associated with a

5.574-fold increased odds of metabolic syndrome (aOR: 5.574; 95%

CI: 4.133–7.518), and a unit increase in BMI was associated with a

5.137-fold increase in odds of metabolic syndrome (aOR: 5.137; 95%

CI: 3.820–6.907). In women, a unit increase in WC was associated

with a 2.764-fold increase in odds of metabolic syndrome (aOR:

2.764; 95%CI: 2.195–3.480), and a unit increase in BRI was associated
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with a 3.045-fold increased odds of metabolic syndrome (aOR: 3.045;

95% CI: 2.363-3.925). The OR and 95% CI of Table 4 are used to draw

Figures 5, 6. It is interesting that OR values were generally higher in

men than in women for risk factors ofMetS.Meanwhile, the OR value

of ABSI was much lower than that of the other 13 indices.

Discussion

According to the diagnostic criteria of MetS issued in 2006,

this study evaluated the predictive power of 13 obesity- and lipid-

related parameters to identify the risk of MetS in middle-aged and

elderly Chinese adults. This article is an original study. To the best

of our knowledge, no previous study has compared the ability of

these 13 obesity- and lipid-related factors to predict MetS in middle-

aged and elderly Chinese populations. There are 3,640 participants

in this study. Among 3,640 individuals, the prevalence of MetS

was 18.43%. Among 1,968 male participants, 253 (12.86%) were

diagnosed withMetS. Among 1,672 female participants, 418 (25.00%)

were diagnosed withMetS. According to the meta-analysis report (1),

the prevalence of MetS in China was 24.5% in 2016, among which

the prevalence of MetS increases with age (15–39 years: 13.9%; 40–59

years: 26.4%; 60 years: 32.4%). Ranasinghe et al.’s (16) research report

says that the prevalence of MetS in China is increasing yearly. Based

on these studies, further studies are needed to establish a single index

for predicting the occurrence of MetS in the middle-aged and elderly

population in China.

This national cohort study found that the correlation between

ABSI and MetS was far lower than the other 12 obesity- and lipid-

related indices. Through ROC analysis of obesity- and blood lipid-

related indicators, the results for the ABSI AUC did not reach

statistical significance (P = 0.055) in men, similar to the results

(P= 0.009) obtained in women. At the same time, some studies

(56–58) also show that BRI is better than ABSI in predicting MetS.

According to Ji et al. (59), this result can be explained by the

following viewpoints: ABSI is highly clustered around the mean value

with relatively slight variance, which makes ABSI perform poorly in

predicting chronic diseases.

Among the other 12 indices, BMI, WHtR, WC, LAP, and CVAI

have received special attention. Ashwell et al. (60) reported that

WHtR outperformed WC and BMI in detecting cardiac metabolic

risk factors in both men and women. Similarly, in a systematic

literature review in 2016, Corrêa et al. (61) also shows that WHtR

has better performance than WC and BMI in evaluating MetS. Alves

et al.’s (62) study shows that LAP, WC, and WHtR indicators identify

MetS in older women and can be used to assess and monitor MetS

individually or collectively.

Tyg-related factors such as the TyG index, TYG-BMI, TYG-

WC, and TYG-WHTR values may provide a broader basis for

assessing the association between MetS and obesity- and lipid-

related indicators. Thus, TyG-related factors have also recently been

suggested as a method for estimating metabolic disorders. Ahn et al.’s

(63) study shows that the TyG index provided a good standard for

identifying people with pre-diabetes/diabetes. In the meantime, most

of the studies (64–66) also showed a significant correlation between

TyG-related factors and pre-diabetes/diabetes. As mentioned earlier,

elevated FPG levels were one of the diagnostic criteria for MetS,

and pre-diabetes/diabetes leads to elevated FPG levels. Therefore,

there must be an association between TyG-related factors and MetS.

Ferreira et al. (67) identified the TyG-related factors as an important

tool for predicting MetS.

Indeed, in this study, the TyG-related factors were more efficient

compared to these other markers. According to the results of this

study, obesity- and lipid-related indices are different in predicting

MetS because of gender differences. In general, an AUC closer to

1 indicates better predictive power, while an AUC of 0.55 or less

indicates no better predictive power than chance. Among men, TyG-

BMI performed best, followed by CVAI, TyG-WC, and LAP. TyG-

BMI is a surrogate marker used to identify insulin resistance (68).

In the ROC analysis of obesity- and blood lipid-related indicators,

the largest AUC was observed for the TyG-BMI index (AUC =

0.755, Std. Error = 0.016, 95% CI = 0.723–0.787, and optimal cutoff

value = 187.919). Raimi et al. (69) suggested that the product of

TyG-related factors and the anthropometric index could improve the

identification and prediction of MetS. This view is consistent with

this article.

In contrast, according to the report (70), VAI has moderate to

high accuracy in screening MetS diagnostic tests. VAI was a reliable

index to evaluate the visceral fat function, as proposed by Amato

et al. (46). A multi-center cross-sectional study (58) was conducted in

Guizhou Province in southwest China, and it was found that LAP and

VAI, the visceral obesity markers, were the most effective predictors

of MetS, while ABSI and CI were the weakest indicators for screening

MetS. Interestingly, many studies (71, 72) have also demonstrated

that VAI performs well in predicting MetS.

Considerable evidence suggests that VAI plays a significant role in

predicting MetS (73, 74). However, there were significant differences

in body fat distribution between ethnic groups. According to the

distribution characteristics of Asian body fat, Xia et al. developed

CVAI to evaluate the visceral fat area of the Chinese people (51).

CVAI is better than VAI in predicting the MetS in middle-aged

and older adults in China. Among women, CVAI performed best,

followed by LAP, TyG-WC, and TyG-WHtR. In the ROC analysis

of obesity- and blood lipid-related indicators, the largest AUC was

observed for the CVAI index (AUC = 0.687, Std. Error = 0.015, 95%

CI= 0.658–0.716, and optimal cutoff value= 86.785).

Similarly, LAP performed well in predicting metabolic synthesis.

LAP was used as an indicator to predict insulin resistance (75, 76), so

there is also a significant association between LAP and MetS. In this

study, for men, the AUC of LAP (AUC = 0.745, Std. Error = 0.016,

95% CI = 0.713–0.777, and optimal cutoff value = 16.896) was the

largest of the other factors in the ROC analysis of obesity- and lipid-

related measures, except for the TyG-related factors and CVAI. For

women, the AUC of LAP (AUC = 0.674, Std. Error = 0.015, 95% CI

= 0.644–0.703, and optimal cutoff value= 23.723) was second only to

that of CVAI among the other factors. The rest of the studies (77–79)

also showed that LAP works well in predicting MetS.

In this study, 13 obesity- and lipid-related indices were converted

into two-category variables according to the values in Table 3. Table 4

is based on the transformed variables. In general, a higher OR

indicates a greater risk factor. In Table 4, the OR value of ABSI is

much lower than that of the remaining 12 indices in both sexes,

which is consistent with the conclusion drawn in Table 3. ABSI is

not suitable as a predictor of MetS. Stefanescu A showed in the study

that ABSI is much inferior to other indicators for predicting MetS in

Peruvian adults (80). Khan et al.’s study showed that WHtR and VAI

outperformed ABSI in predicting MetS (22). At the same time, many

studies (22, 81, 82) are consistent with the viewpoint of this study. It
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FIGURE 5

Forest diagram of OR before and after adjustment of confounding factors for male. (A) Mets unadjust, (B) Elevated triglycerides unadjusted, (C) Reduced

HDL-C unadjusted, (D) Elevated blood pressure unadjusted, (E) Elevated fasting glucose unadjusted, (F) Mets adjusted, (G) Elevated triglycerides adjusted,

(H) Reduced HDL-C adjusted, (I) Elevated blood pressure adjusted, (J) Elevated fasting glucose adjusted.

Adjusted OR: Adjusted for age, educational levels, marital status, live place, current smoking, alcohol drinking, activities, exercises, chronic diseases.

is interesting that the OR value of men is greater than that of women

before and after adjustment. This suggests that an increase in obesity

factors may make men more susceptible to MetS. There are many

reasons for this. Men are more vulnerable to tobacco damage than

women. Many studies (83, 84) have shown that tobacco is more likely

to cause sugar and lipidmetabolism disorders in the elderly. This may
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FIGURE 6

Forest diagram of OR before and after adjustment of confounding factors for female. (A) Mets unadjust, (B) Elevated triglycerides unadjusted, (C) Reduced

HDL-C unadjusted, (D) Elevated blood pressure unadjusted, (E) Elevated fasting glucose unadjusted, (F) Mets adjusted, (G) Elevated triglycerides adjusted,

(H) Reduced HDL-C adjusted, (I) Elevated blood pressure adjusted, (J) Elevated fasting glucose adjusted.

Adjusted OR: Adjusted for age, educational levels, marital status, live place, current smoking, alcohol drinking, activities, exercises, chronic diseases.
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be associated with cigarette smoke impairing the reverse transport of

cholesterol (85). At the same time, men are more prone to alcohol

abuse than women in daily life. Excessive drinking can significantly

increase the risk of MetS (86).

Strengths and limitations of the study

This study has several advantages. This study was based on

a nationwide cohort study of middle-aged and older community

residents, with participants aged 45 years or older. It compared the

effect of different obesity- and lipid-related indices of theMetS and its

component symptom. Previous studies have used only a set of single

indices to predict the incidence of MetS. It helped us to understand

the different obesity- and lipid-related indices on the incidence of

MetS. There are several limitations to this study. Many participants

were excluded due to missing data, and further studies should gather

more complete data.

Conclusion

Among middle-aged and older adults, all obesity- and lipid-

related indices, except ABSI, were able to predict MetS after

adjustment for age, sex, educational status, history of smoking, taking

activities, doing regular exercises, and chronic diseases. In addition,

in men, TyG-BMI is the best indicator to predict MetS, and in

women, CVAI is considered the best indicator to predict MetS. LAP

had performed well in predicting MetS in both men and women.

Data availability statement

The original contributions presented in the study are included in

the article/supplementary material, further inquiries can be directed

to the corresponding author.

Ethics statement

All data are openly published as microdata at http://charls.

pku.edu.cn/ with no direct contact with all participants. Approval

for this study was given by the Medical Ethics Committee

of Wannan Medical College (approval number 2021–3).

The patients/participants provided their written informed consent to

participate in this study.

Author contributions

LZ: conceived the research. JG: wrote the paper and analyzed the

data. JG, YLi, HL, LG, JinlL, YLe, XL, LS, LY, TY, CW, DZ, HW,

JingL, ML, YH, and LZ: revised the paper. All authors reviewed the

manuscript. All authors contributed to the article and approved the

submitted version.

Funding

CHARLS was supported by the NSFC (Grant Nos: 70910107022,

71130002), the National Institute on Aging (R03-TW008358-01;

R01-AG037031-03S1), the World Bank (Grant No: 7159234),

and the Support Program for Outstanding Young Talents

from the Universities and Colleges of Anhui Province for

LZ (gxyqZD2021118).

Acknowledgments

The authors thank the members of the research as well as all

participants for their contribution.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the reviewers.

Any product that may be evaluated in this article, or claim that may

be made by its manufacturer, is not guaranteed or endorsed by the

publisher.

References

1. Li R, Li W, Lun Z, Zhang H, Sun Z, Kanu JS, et al. Prevalence
of metabolic syndrome in Mainland China: a meta-analysis of published
studies. BMC Public Health. (2016) 16:296. doi: 10.1186/s12889-016-
2870-y

2. Alberti KG, Zimmet P, Shaw J. The metabolic syndrome–a new
worldwide definition. Lancet. (2005) 366:1059–62. doi: 10.1016/S0140-6736(05)
67402-8

3. Zimmet P, Magliano D, Matsuzawa Y, Alberti G, Shaw J. The metabolic syndrome:
a global public health problem and a new definition. J Atheroscler Thromb. (2005)
12:295–300. doi: 10.5551/jat.12.295

4. Park K, Steffes M, Lee DH, Himes JH, Jacobs DR Jr. Association of
inflammation with worsening HOMA-insulin resistance. Diabetologia. (2009) 52:2337–
44. doi: 10.1007/s00125-009-1486-5

5. DeMarco VG, Johnson MS, Whaley-Connell AT, Sowers JR. Cytokine abnormalities
in the etiology of the cardiometabolic syndrome. Curr Hypertens Rep. (2010) 12:93–
8. doi: 10.1007/s11906-010-0095-5

6. Grandl G, Wolfrum C. Hemostasis, endothelial stress, inflammation,
and the metabolic syndrome. Semin Immunopathol. (2018) 40:215–
24. doi: 10.1007/s00281-017-0666-5

7. Varghese JF, Patel R, Yadav UCS. Novel insights in the metabolic syndrome-induced
oxidative stress and inflammation-mediated atherosclerosis. Curr Cardiol Rev. (2018)
14:4–14. doi: 10.2174/1573403X13666171009112250

8. Dabke K, Hendrick G, Devkota S. The gut microbiome and metabolic syndrome. J
Clin Invest. (2019) 129:4050–7. doi: 10.1172/JCI129194

9. Rasaei N, Mirzababaei A, Arghavani H, Tajik S, Keshavarz SA, Yekaninejad MS,
et al. A comparison of the sensitivity and specificity of anthropometric measurements to

Frontiers in PublicHealth 17 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1073824
http://charls.pku.edu.cn/
http://charls.pku.edu.cn/
https://doi.org/10.1186/s12889-016-2870-y
https://doi.org/10.1016/S0140-6736(05)67402-8
https://doi.org/10.5551/jat.12.295
https://doi.org/10.1007/s00125-009-1486-5
https://doi.org/10.1007/s11906-010-0095-5
https://doi.org/10.1007/s00281-017-0666-5
https://doi.org/10.2174/1573403X13666171009112250
https://doi.org/10.1172/JCI129194
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Gui et al. 10.3389/fpubh.2023.1073824

predict unhealthy metabolic phenotype in overweight and obese women. Diabetes Metab
Syndr. (2018) 12:1147–53. doi: 10.1016/j.dsx.2018.06.023

10. Ansarimoghaddam A, Adineh HA, Zareban I, Iranpour S, HosseinZadeh
A, Kh F. Prevalence of metabolic syndrome in Middle-East countries:
Meta-analysis of cross-sectional studies. Diabetes Metab Syndr. (2018)
12:195–201. doi: 10.1016/j.dsx.2017.11.004

11. Gluvic Z, Zaric B, Resanovic I, Obradovic M, Mitrovic A,
Radak D, et al. Link between ‘. Curr Vasc Pharmacol. (2017) 15:30–
9. doi: 10.2174/1570161114666161007164510

12. Esposito K, Chiodini P, Colao A, Lenzi A, Giugliano D. Metabolic syndrome and
risk of cancer: a systematic review and meta-analysis. Diabetes Care. (2012) 35:2402–
11. doi: 10.2337/dc12-0336

13. Noubiap JJ, Nansseu JR, Lontchi-Yimagou E, Nkeck JR, Nyaga UF, Ngouo AT, et al.
Geographic distribution of metabolic syndrome and its components in the general adult
population: A meta-analysis of global data from 28 million individuals. Diabetes Res Clin
Pract. (2022) 188:109924. doi: 10.1016/j.diabres.2022.109924

14. Gao W. Does the constellation of risk factors with and without abdominal
adiposity associate with different cardiovascular mortality risk? Int J Obes. (2008) 32:757–
62. doi: 10.1038/sj.ijo.0803797

15. Beltrán-Sánchez H, Harhay MO, Harhay MM, McElligott S. Prevalence and trends
ofmetabolic syndrome in the adult U.S. population, 1999-2010. J AmColl f Cardiol. (2013)
62:697–703. doi: 10.1016/j.jacc.2013.05.064

16. Ranasinghe P,Mathangasinghe Y, Jayawardena R, Hills AP,Misra A. Prevalence and
trends of metabolic syndrome among adults in the asia-pacific region: a systematic review.
BMC Public Health. (2017) 17:101. doi: 10.1186/s12889-017-4041-1

17. LowWY, Lee YK, Samy AL. Non-communicable diseases in the Asia-Pacific region:
prevalence, risk factors and community-based prevention. Int J Occup Med Environ
Health. (2015) 28:20–6. doi: 10.2478/s13382-014-0326-0

18. Gu D, Reynolds K, Wu X, Chen J, Duan X, Reynolds RF, et al. Prevalence of the
metabolic syndrome and overweight among adults in China. Lancet. (2005) 365:1398–
405. doi: 10.1016/S0140-6736(05)66375-1

19. Xi B, He D, Hu Y, Zhou D. Prevalence of metabolic syndrome and its influencing
factors among the Chinese adults: the China Health and Nutrition Survey in 2009. Prev
Med. (2013) 57:867–71. doi: 10.1016/j.ypmed.2013.09.023

20. Tian T, Zhang J, Zhu Q, Xie W, Wang Y, Dai Y. Predicting value of five
anthropometric measures in metabolic syndrome among Jiangsu Province, China. BMC
Public Health. (2020) 20:1317. doi: 10.1186/s12889-020-09423-9

21. Ecder SA, Sasak G. Body shape index predicts metabolic syndrome
and insulin resistance in renal transplant recipients. Nutrients. (2019)
51:2334–8. doi: 10.1016/j.transproceed.2019.01.172

22. Khan SH, Shahid R, Fazal N, Ijaz A. Comparison of various abdominal obesity
measures for predicting metabolic syndrome, diabetes, nephropathy, and dyslipidemia.
Obes Surg. (2019) 29:1159–64. doi: 10.29271/jcpsp.2019.12.1159

23. Ching YK, Chin YS, Appukutty M, Gan WY, Chan YM. Comparisons
of conventional and novel anthropometric obesity indices to predict
metabolic syndrome among vegetarians in Malaysia. Sci Rep. (2020)
10:20861. doi: 10.1038/s41598-020-78035-5

24. Nagayama D, Fujishiro K, Tsuda S, Watanabe Y, Yamaguchi T, Suzuki K, et al.
Enhanced prediction of renal function decline by replacing waist circumference with
“A Body Shape Index (ABSI)” in diagnosing metabolic syndrome: a retrospective cohort
study in Japan. Int J Obes. (2022) 46:564–73. doi: 10.1038/s41366-021-01026-7

25. Li G, Wu HK, Wu XW, Cao Z, Tu YC, Ma Y, et al. The feasibility of
two anthropometric indices to identify metabolic syndrome, insulin resistance and
inflammatory factors in obese and overweight adults. Nutrition. (2019) 57:194–
201. doi: 10.1016/j.nut.2018.05.004

26. Ramachandran A, Snehalatha C, Satyavani K, Sivasankari S, Vijay V. Metabolic
syndrome in urban Asian Indian adults–a population study using modified ATP
III criteria. Diabetes Res Clin Pract. (2003) 60:199–204. doi: 10.1016/S0168-8227(03)
00060-3

27. De Luis DA, Lopez Mongil R, Gonzalez Sagrado M, Lopez Trigo JA, Mora
PF, Castrodeza Sanz J. Prevalence of metabolic syndrome with International Diabetes
Federation Criteria and ATP III Program in patients 65 years of age or older. J Nutr Health
Aging. (2010) 14:400–4. doi: 10.1007/s12603-010-0087-9

28. Unwin N, Bhopal R, Hayes L, White M, Patel S, Ragoobirsingh D, et al. A
comparison of the new international diabetes federation definition ofmetabolic syndrome
toWHO and NCEP definitions in Chinese, European and South Asian origin adults. Ethn
Dis. (2007) 17:522–8.

29. Song P, Yu J, Chang X, Wang M, An L. Prevalence and correlates of metabolic
syndrome in Chinese children: The China Health and Nutrition Survey.Nutrients. (2017)
9:79. doi: 10.3390/nu9010079

30. Alberti KG, Zimmet P, Shaw J. Metabolic syndrome–a new world-wide definition.
A Consensus Statement from the International Diabetes Federation. Diabet Med. (2006)
23:469–80. doi: 10.1111/j.1464-5491.2006.01858.x

31. Yang BY, Liu KK, Markevych I, Knibbs LD, Bloom MS, Dharmage SC, et al.
Association between residential greenness and metabolic syndrome in Chinese adults.
Environ Int. (2020) 135:105388. doi: 10.1016/j.envint.2019.105388

32. Balhara YP. Tobacco and metabolic syndrome. Indian J Endocrinol Metab. (2012)
16:81–7. doi: 10.4103/2230-8210.91197

33. Yoon SJ, Kim SK, Lee NY, Choi YR, Kim HS, Gupta H, et al. Effect
of Korean Red Ginseng on metabolic syndrome. J Ginseng Res. (2021) 45:380–
9. doi: 10.1016/j.jgr.2020.11.002

34. Zhang L, Liu K, Li H, Li D, Chen Z, Zhang LL, et al. Relationship between body
mass index and depressive symptoms: the “fat and jolly” hypothesis for the middle-aged
and elderly in China. Biomed Res Int. (2016) 16:1201. doi: 10.1186/s12889-016-3864-5

35. Chang HH, Yen ST. Association between obesity and depression: evidence from
a longitudinal sample of the elderly in Taiwan. Aging Ment Health. (2012) 16:173–
80. doi: 10.1080/13607863.2011.605053

36. Zhang L, Li JL, Zhang LL, Guo LL Li H, Li D. No association between C-
reactive protein and depressive symptoms among the middle-aged and elderly in China:
Evidence from the China Health and Retirement Longitudinal Study. Medicine. (2018)
97:e12352. doi: 10.1097/MD.0000000000012352

37. Zhang L, Li JL, Zhang LL, Guo LL, Li H, Li D. Association and interaction analysis
of body mass index and triglycerides level with blood pressure in elderly individuals in
China. BioMed Res Int. (2018) 2018:8934534. doi: 10.1155/2018/8934534

38. Zhang L, Li JL, Zhang LL, Guo LL Li H, YanW, et al. Relationship between adiposity
parameters and cognition: the “fat and jolly” hypothesis inmiddle-aged and elderly people
in China.Medicine. (2019) 98:e14747. doi: 10.1097/MD.0000000000014747

39. Zhang L, Li JL, Guo LL Li H, Li D, Xu G. The interaction between serum uric
acid and triglycerides level on blood pressure in middle-aged and elderly individuals
in China: result from a large national cohort study. BMC Cardiovasc Disord. (2020)
20:174. doi: 10.1186/s12872-020-01468-3

40. Ding L, Liang Y, Tan ECK, Hu Y, Zhang C, Liu Y, et al. Smoking, heavy drinking,
physical inactivity, and obesity among middle-aged and older adults in China: cross-
sectional findings from the baseline survey of CHARLS 2011-2012. BMC Public Health.
(2020) 20:1062. doi: 10.1186/s12889-020-08625-5

41. Zhang L, Yang L, Wang C, Yuan T, Zhang D, Wei H, et al. Combined
effect of famine exposure and obesity parameters on hypertension in the midaged
and older adult: a population-based cross-sectional study. BioMed Res Int. (2021)
2021:5594718. doi: 10.1155/2021/5594718

42. Zhang L, Yang L, Wang C, Yuan T, Zhang D,Wei H, et al. Individual and combined
association analysis of famine exposure and serum uric acid with hypertension in themid-
aged and older adult: a population-based cross-sectional study. Biomed Res Int. (2021)
21:420. doi: 10.1186/s12872-021-02230-z

43. Zhang L, Yang L, Wang C, Yuan T, Zhang D, Wei H, et al. Mediator or moderator?
The role of obesity in the association between age at menarche and blood pressure in
middle-aged and elderly Chinese: a population-based cross-sectional study. BMJ Open.
(2022) 12:e051486. doi: 10.1136/bmjopen-2021-051486

44. Zhou B. Prospective study for cut-off points of body mass index
in Chinese adults. Zhonghua Liu Xing Bing Xue Za Zhi. (2002) 23:431–4.
doi: 10.3760/cma.j.issn.0254-6450.2002.06.107

45. Zhang FL, Ren JX, Zhang P, Jin H, Qu Y, Yu Y, et al. Strong Association of Waist
Circumference (WC), Body Mass Index (BMI), Waist-to-Height Ratio (WHtR), and
Waist-to-Hip Ratio (WHR) with Diabetes: a population-based cross-sectional study in
Jilin Province, China. J Diabetes Res. (2021) 2021:8812431. doi: 10.1155/2021/8812431

46. Amato MC, Giordano C, Galia M, Criscimanna A, Vitabile S, Midiri M, et al.
Visceral adiposity index: a reliable indicator of visceral fat function associated with
cardiometabolic risk. Diabetes Care. (2010) 33:920–2. doi: 10.2337/dc09-1825

47. Krakauer NY, Krakauer JC, A. new body shape index predicts
mortality hazard independently of body mass index. PLoS ONE. (2012)
7:e39504. doi: 10.1371/journal.pone.0039504

48. Thomas DM, Bredlau C, Bosy-Westphal A, Mueller M, Shen W, Gallagher D,
et al. Relationships between body roundness with body fat and visceral adipose tissue
emerging from a new geometrical model. Obesity. (2013) 21:2264–71. doi: 10.1002/oby.
20408

49. Kahn HS. The “lipid accumulation product” performs better than the body
mass index for recognizing cardiovascular risk: a population-based comparison. BMC
Cardiovasc Disord. (2005) 5:26. doi: 10.1186/1471-2261-5-26

50. Rato Q. Conicity index: an anthropometric measure to be evaluated. Rev Port
Cardiol. (2017) 36:365–6. doi: 10.1016/j.repce.2017.04.006

51. Xia MF, Chen Y, Lin HD, Ma H, Li XM, Aleteng Q, et al. A indicator of visceral
adipose dysfunction to evaluate metabolic health in adult Chinese. Sci Rep. (2016)
6:38214. doi: 10.1038/srep38214

52. Unger G, Benozzi SF, Perruzza F, Pennacchiotti GL. Triglycerides and glucose
index: a useful indicator of insulin resistance. Endocrinol Nutr. (2014) 61:533–
40. doi: 10.1016/j.endoen.2014.11.006

53. Lee JJ, Ahn J, Hwang J, Han SW, Lee KN, Kim JB, et al. Relationship
between uric acid and blood pressure in different age groups. Clin Hypertens. (2015)
21:14. doi: 10.1186/s40885-015-0022-9

54. Selvi NMK, Nandhini S, Sakthivadivel V, Lokesh S, Srinivasan AR,
Sumathi S. Association of triglyceride-glucose index (TyG index) with
HbA1c and insulin resistance in type 2 diabetes mellitus. Maedica. (2021)
16:375–81. doi: 10.26574/maedica.2021.16.3.375

Frontiers in PublicHealth 18 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1073824
https://doi.org/10.1016/j.dsx.2018.06.023
https://doi.org/10.1016/j.dsx.2017.11.004
https://doi.org/10.2174/1570161114666161007164510
https://doi.org/10.2337/dc12-0336
https://doi.org/10.1016/j.diabres.2022.109924
https://doi.org/10.1038/sj.ijo.0803797
https://doi.org/10.1016/j.jacc.2013.05.064
https://doi.org/10.1186/s12889-017-4041-1
https://doi.org/10.2478/s13382-014-0326-0
https://doi.org/10.1016/S0140-6736(05)66375-1
https://doi.org/10.1016/j.ypmed.2013.09.023
https://doi.org/10.1186/s12889-020-09423-9
https://doi.org/10.1016/j.transproceed.2019.01.172
https://doi.org/10.29271/jcpsp.2019.12.1159
https://doi.org/10.1038/s41598-020-78035-5
https://doi.org/10.1038/s41366-021-01026-7
https://doi.org/10.1016/j.nut.2018.05.004
https://doi.org/10.1016/S0168-8227(03)00060-3
https://doi.org/10.1007/s12603-010-0087-9
https://doi.org/10.3390/nu9010079
https://doi.org/10.1111/j.1464-5491.2006.01858.x
https://doi.org/10.1016/j.envint.2019.105388
https://doi.org/10.4103/2230-8210.91197
https://doi.org/10.1016/j.jgr.2020.11.002
https://doi.org/10.1186/s12889-016-3864-5
https://doi.org/10.1080/13607863.2011.605053
https://doi.org/10.1097/MD.0000000000012352
https://doi.org/10.1155/2018/8934534
https://doi.org/10.1097/MD.0000000000014747
https://doi.org/10.1186/s12872-020-01468-3
https://doi.org/10.1186/s12889-020-08625-5
https://doi.org/10.1155/2021/5594718
https://doi.org/10.1186/s12872-021-02230-z
https://doi.org/10.1136/bmjopen-2021-051486
https://doi.org/10.3760/cma.j.issn.0254-6450.2002.06.107
https://doi.org/10.1155/2021/8812431
https://doi.org/10.2337/dc09-1825
https://doi.org/10.1371/journal.pone.0039504
https://doi.org/10.1002/oby.20408
https://doi.org/10.1186/1471-2261-5-26
https://doi.org/10.1016/j.repce.2017.04.006
https://doi.org/10.1038/srep38214
https://doi.org/10.1016/j.endoen.2014.11.006
https://doi.org/10.1186/s40885-015-0022-9
https://doi.org/10.26574/maedica.2021.16.3.375
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Gui et al. 10.3389/fpubh.2023.1073824

55. Jiang C, Yang R, Kuang M, Yu M, Zhong M, Zou Y. Triglyceride glucose-body
mass index in identifying high-risk groups of pre-diabetes. Lipids Health Dis. (2021)
20:161. doi: 10.1186/s12944-021-01594-7

56. Calderón-García JF, Roncero-Martín R, Rico-Martín S, De Nicolás-Jiménez JM,
López-Espuela F, Santano-Mogena E, et al. Effectiveness of body roundness index
(BRI) and a body shape index (ABSI) in predicting hypertension: a systematic review
and meta-analysis of observational studies. Int J Environ Res Public Health. (2021)
18:11607. doi: 10.3390/ijerph182111607

57. Rico-Martín S, Calderón-García JF, Sánchez-Rey P, Franco-Antonio C, Martínez
Alvarez M, Sánchez Muñoz-Torrero JF. Effectiveness of body roundness index in
predicting metabolic syndrome: a systematic review and meta-analysis. Obes Rev. (2020)
21:e13023. doi: 10.1111/obr.13023

58. Zhou C, Zhan L, Yuan J, Tong X, Peng Y, Zha Y. Comparison of
visceral, general and central obesity indices in the prediction of metabolic
syndrome in maintenance hemodialysis patients. Eat Weight Disord. (2020)
25:727–34. doi: 10.1007/s40519-019-00678-9

59. Ji M, Zhang S, An R. Effectiveness of A Body Shape Index (ABSI) in predicting
chronic diseases and mortality: a systematic review and meta-analysis. Obes Rev. (2018)
19:737–59. doi: 10.1111/obr.12666

60. Ashwell M, Gunn P, Gibson S. Waist-to-height ratio is a better screening tool than
waist circumference and BMI for adult cardiometabolic risk factors: systematic review
and meta-analysis. Obes Rev. (2012) 13:275–86. doi: 10.1111/j.1467-789X.2011.00952.x

61. Corrêa MM, Thumé E, De Oliveira ER, Tomasi E. Performance of the waist-
to-height ratio in identifying obesity and predicting non-communicable diseases in
the elderly population: a systematic literature review. Arch Gerontol Geriatr. (2016)
65:174–82. doi: 10.1016/j.archger.2016.03.021

62. Alves LF, Cruz JO, da Costa Souza AL, de Oliveira CC. Performance of adiposity
indicators in predicting metabolic syndrome in older adults. Arch Endocrinol Metab.
(2021) 65:588–95. doi: 10.20945/2359-3997000000372

63. Ahn N, Baumeister SE, Amann U, Rathmann W, Peters A, Huth C, et al.
Visceral adiposity index (VAI), lipid accumulation product (LAP), and product of
triglycerides and glucose (TyG) to discriminate prediabetes and diabetes. Sci Rep. (2019)
9:9693. doi: 10.1038/s41598-019-46187-8

64. Sánchez-García A, Rodríguez-Gutiérrez R, Mancillas-Adame L, González-Nava V,
Díaz González-Colmenero A, Solis RC, et al. Diagnostic accuracy of the triglyceride
and glucose index for insulin resistance: a systematic review. Int J Endocrinol. (2020)
2020:4678526. doi: 10.1155/2020/4678526

65. Ramdas Nayak VK, Satheesh P, Shenoy MT, Kalra S. Triglyceride Glucose (TyG)
Index: a surrogate biomarker of insulin resistance. J Pak Med Assoc. (2022) 72:986–
8. doi: 10.47391/JPMA.22-63

66. Dikaiakou E, Vlachopapadopoulou EA, Paschou SA, Athanasouli F.
Panagiotopoulos I, Kafetzi M, et al. Triglycerides-glucose (TyG) index is a sensitive
marker of insulin resistance in Greek children and adolescents. Endocrine. (2020)
70:58–64. doi: 10.1007/s12020-020-02374-6

67. Ferreira JRS, Zandonade E, de Paula Alves Bezerra OM, Salaroli LB. Cutoff point of
TyG index for metabolic syndrome in Brazilian farmers. Arch Endocrinol Metab. (2021)
65:704–12. doi: 10.20945/2359-3997000000401

68. Er LK, Wu S, Chou HH, Hsu LA, Teng MS, Sun YC, et al. Triglyceride
glucose-body mass index is a simple and clinically useful surrogate
marker for insulin resistance in nondiabetic individuals. PLoS ONE. (2016)
11:e0149731. doi: 10.1371/journal.pone.0149731

69. Raimi TH, Dele-Ojo BFDada SA, Fadare JO, Ajayi DD, Ajayi EA, et al. Triglyceride-
glucose index and related parameters predicted metabolic syndrome in Nigerians.Metab
Syndr Relat Disord. (2021) 19:76–82. doi: 10.1089/met.2020.0092

70. Bijari M, Jangjoo S, Emami N, Raji S, Mottaghi M, Moallem R, et al. The
accuracy of visceral adiposity index for the screening of metabolic syndrome: a systematic
review and meta-analysis. Int J Endocrinol. (2021) 2021:6684627. doi: 10.1155/2021/
6684627

71. Durcan E, Sahin S, Dedeoglu SE, Ozkaya HM, Gonen MS.. Can “VAI”
better indicate metabolic syndrome compared with other metabolic syndrome-related
parameters in patients with thyroid nodules? A Study from Turkey. Metab Syndr Relat
Disord. (2021) 19:358–66. doi: 10.1089/met.2020.0147

72. Vizzuso S, Del Torto A, Dilillo D, Calcaterra V, Di Profio E, Leone A, et al. Visceral
adiposity index (VAI) in children and adolescents with obesity: no association with daily
energy intake but promising tool to identify metabolic syndrome (MetS). Nutrients.
(2021) 13:413. doi: 10.3390/nu13020413

73. Després JP, Nadeau A, Tremblay A, Ferland M, Moorjani S, Lupien PJ, et al. Role
of deep abdominal fat in the association between regional adipose tissue distribution
and glucose tolerance in obese women. Diabetes. (1989) 38:304–9. doi: 10.2337/diab.
38.3.304

74. Hwang YC, Hayashi T, Fujimoto WY, Kahn SE, Leonetti DL, McNeely MJ,
et al. Visceral abdominal fat accumulation predicts the conversion of metabolically
healthy obese subjects to an unhealthy phenotype. Int J Obes. (2015) 39:1365–
70. doi: 10.1038/ijo.2015.75

75. Anoop SS, Dasgupta R, Rebekah G, Jose A, Inbakumari MP, Finney G, et al.
Lipid accumulation product (LAP) as a potential index to predict risk of insulin
resistance in young, non-obese Asian Indian males from Southern India: observations
from hyperinsulinemic-euglycemic clamp studies. BMJ Open Diabetes Res Care. (2021)
9:e002414. doi: 10.1136/bmjdrc-2021-002414

76. Chen J, Sun H, Qiu S, Tao H, Yu J, Sun Z. Lipid accumulation product combined
with urine glucose excretion improves the efficiency of diabetes screening in chinese
adults. Front Endocrinol. (2021) 12:691849. doi: 10.3389/fendo.2021.691849

77. Ding YS Li Y, Zhang XH, Ma RL, Guo H, Ma L, et al. The improved lipid
accumulation product is an accurate index for predicting metabolic syndrome in the
Xinjiang Population. Biomed Environ Sci. (2021) 34:503–7. doi: 10.3967/bes2021.070

78. Raposo MA, Guimarães NS, Tupinambás U. Lipid accumulation product index to
predict metabolic syndrome in people living with HIV. Clin Med Res. (2020) 18:120–
5. doi: 10.3121/cmr.2020.1509

79. Zhang L, Zhang Z, Wang B, Yuan Y, Sun L, Gao H, et al. Relative children’s lipid
accumulation product is a novel indicator for metabolic syndrome. Front Endocrinol.
(2021) 12:645825. doi: 10.3389/fendo.2021.645825

80. Stefanescu A, Revilla L, Lopez T, Sanchez SE, Williams MA, Gelaye
B. Using a body shape index (ABSI) and body roundness index (BRI) to
predict risk of metabolic syndrome in Peruvian adults. J Int Med Res. (2020)
48:300060519848854. doi: 10.1177/0300060519848854

81. Ismail NA, Ragab SH, El Baky A, Ibrahim MH. Potential role of new
anthropometric parameters in childhood obesity with or without metabolic syndrome.
Open Access Maced J Med Sci. (2019) 7:3930–6. doi: 10.3889/oamjms.2019.698

82. Guo X, Ding Q, Liang M. Evaluation of eight anthropometric indices for
identification of metabolic syndrome in adults with diabetes. Diabetes Metab Syndr Obes.
(2021) 14:1431–43. doi: 10.2147/DMSO.S294244

83. Chen HJ, Li GL, Sun A, Peng DS, Zhang WX, Yan YE. Age differences
in the relationship between secondhand smoke exposure and risk of
metabolic syndrome: a meta-analysis. Int J Environ Res Public Health. (2019)
16:1409. doi: 10.3390/ijerph16081409

84. Choi HI, Lee SJ, Kang JG, Lee SH, Kim BS, Kim BJ. Association of
environmental tobacco smoke exposure with metabolic syndrome: a longitudinal
cohort study of 71,055 never smokers. Nutr Metab Cardiovasc Dis. (2022) 32:2534–
43. doi: 10.1016/j.numecd.2022.07.009

85. Zong C, Song G, Yao S, Guo S, Yu Y, Yang N, et al. Cigarette smoke
exposure impairs reverse cholesterol transport which can be minimized by treatment
of hydrogen-saturated saline. Lipids Health Dis. (2015) 14:159. doi: 10.1186/s12944-015-
0160-9

86. Choi M, Han J, Kim Y, Chung J. The relationship between metabolic syndrome and
smoking and alcohol experiences in adolescents from low-income households. Children.
(2021) 8:812. doi: 10.3390/children8090812

Frontiers in PublicHealth 19 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1073824
https://doi.org/10.1186/s12944-021-01594-7
https://doi.org/10.3390/ijerph182111607
https://doi.org/10.1111/obr.13023
https://doi.org/10.1007/s40519-019-00678-9
https://doi.org/10.1111/obr.12666
https://doi.org/10.1111/j.1467-789X.2011.00952.x
https://doi.org/10.1016/j.archger.2016.03.021
https://doi.org/10.20945/2359-3997000000372
https://doi.org/10.1038/s41598-019-46187-8
https://doi.org/10.1155/2020/4678526
https://doi.org/10.47391/JPMA.22-63
https://doi.org/10.1007/s12020-020-02374-6
https://doi.org/10.20945/2359-3997000000401
https://doi.org/10.1371/journal.pone.0149731
https://doi.org/10.1089/met.2020.0092
https://doi.org/10.1155/2021/6684627
https://doi.org/10.1089/met.2020.0147
https://doi.org/10.3390/nu13020413
https://doi.org/10.2337/diab.38.3.304
https://doi.org/10.1038/ijo.2015.75
https://doi.org/10.1136/bmjdrc-2021-002414
https://doi.org/10.3389/fendo.2021.691849
https://doi.org/10.3967/bes2021.070
https://doi.org/10.3121/cmr.2020.1509
https://doi.org/10.3389/fendo.2021.645825
https://doi.org/10.1177/0300060519848854
https://doi.org/10.3889/oamjms.2019.698
https://doi.org/10.2147/DMSO.S294244
https://doi.org/10.3390/ijerph16081409
https://doi.org/10.1016/j.numecd.2022.07.009
https://doi.org/10.1186/s12944-015-0160-9
https://doi.org/10.3390/children8090812
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Obesity- and lipid-related indices as a predictor of obesity metabolic syndrome in a national cohort study
	Introduction
	Materials and methods
	Participants
	Metabolic syndrome symptom
	Covariates
	Measurements
	Statistical analysis

	Results
	Discussion
	Strengths and limitations of the study
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


