
Academic Editor: Anca Pantea Stoian

Received: 26 January 2025

Revised: 28 February 2025

Accepted: 3 March 2025

Published: 7 March 2025
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Abstract: Metabolic syndrome (MetS) represents a huge burden on the health system. This
study aimed to investigate the association between MetS and certain indirect insulin resistance
(IR) indicators according to gender. The triglyceride–glucose index (TyG), TyG–body mass
index (TyG–BMI), the TyG–waist-to-height ratio (TyG–WHtR), TyG–waist circumference (TyG–
WC), the triglyceride to high-density-lipoprotein cholesterol index (TG/HDL-c) and recently
proposed indicators such as the metabolic score for IR (MetS-IR), TyG–neck circumference
(TyG–NC) and the TyG–neck-circumference-to-height ratio (TyG–NHtR) were evaluated in
2594 subjects enrolled in the PREDATORR study. Univariate and multivariate logistic regres-
sion was performed to identify the association between MetS and the indirect IR indicators,
as well as the risk factors. The participants were divided into two groups, according to gen-
der. Data were analyzed using SPSS version 26.0. TyG, TyG–WC, TyG–NC, TyG–NHtR and
TG/HDL-c had higher values in the male group, while TyG–BMI, TyG–WHtR and MetS-IR
had approximately equal values in the two studied groups, but also statistically significantly
higher values in MetS (+) vs. MetS (−) subjects (p < 0.001). For both studied groups, the
multivariate logistic regression analysis demonstrated that TyG and MetS-IR were independent
predictors for MetS. Both in the female and in the male group, TyG had the largest area under
the receiver operating characteristic (AUROC) curve. Thus, in females, the TyG AUROC
curve was 0.890; 95% CI 0.873–0.907; p < 0.001; cut-off value 8.51, with 81.4% sensitivity and
80.0% specificity. In males, the TyG AUROC curve was 0.880; 95% CI 0.861–0.899; p < 0.001;
cut-off value 8.69, with 78.5% sensitivity and 84.6% specificity. All of the analyzed indirect IR
indicators had statistically significantly higher values in MetS (+) vs. MetS (−) subjects. TyG
and MetS-IR are independent predictive factors for MetS, regardless of the subject’s gender.
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1. Introduction
Metabolic syndrome (MetS) represents one of the most important challenges of the

public health system, affecting over a billion adults worldwide, both in developed and
developing countries [1–3]. MetS involves the association of metabolic abnormalities,
characterized by abdominal obesity, insulin resistance (IR), hypertension (HTN) and dys-
lipidemia, and implies a significant risk of both cardiovascular and all-cause mortality, by
increasing the risk of sudden death and the development of cardiovascular diseases, (such
as myocardial infarction or stroke) as well as type 2 diabetes mellitus (DM) [1,2,4–8].

In the last decades, there have been dramatic changes in the lifestyle and dietary
behavior of the population, involving diets rich in refined carbohydrates and processed
foods, and a sedentary lifestyle, as well as a reduced duration of sleep. Sleep deprivation
causes suppression of leptin levels and stimulation of ghrelin secretion, compared to a
corresponding duration of sleep, which induces appetite stimulation [9,10]. Moreover,
studies published in the medical literature reported alcohol consumption and smoking as
risk factors for MetS. However, this association is controversial, and the results have been
inconclusive [1,11,12]. At the end of the 1980s, Prof. Gerlad M. Reaven and Dr. Norman
Kaplan described MetS, and in 1988, Reaven demonstrated the existence of the so-called
“Syndrome X”, describing the association between DM, HTN and abdominal obesity, as
well as their influence on IR [7,13]. Only a year later, Dr. Norman Kaplan characterized the
interaction between abdominal obesity, DM, HTN and hypertriglyceridemia as the “deadly
quartet” [7,14].

Since then, numerous definitions of MetS have been proposed, with a consensus being
reached in 2009. MetS is currently defined by a set of factors, which represent cardiovascular
risk factors per se, being represented by abdominal obesity (increased waist circumference),
HTN, hypertriglyceridemia, a reduced level of high-density-lipoprotein cholesterol (HDL-c)
and hyperglycemia. To be diagnosed with MetS, a person must meet at least three of these
five criteria [15].

MetS involves complex pathogenic pathways, with IR being considered the central
mechanism [16,17]. Other important mechanisms are also involved, such as oxidative stress,
inflammation and endothelial dysfunction, along with the alteration of lipid metabolism [6,18].

Unfortunately, excess weight and associated complications increasingly affect not only
the adult population, but also children and adolescents. Thus, the increase in the prevalence
of obesity, type 2 DM and cardiovascular diseases has, in recent years, caused an increase
in the prevalence of MetS to 3% among children, 5% among adolescents and over 20% in
adults [7,19,20]. In Romania, the prevalence of MetS in adults aged between 20 and 79 years
old was 38.5%, while the prevalence of obesity was 31.9%, and the prevalence of being
overweight was 34.7% (PREDATORR Study). Moreover, 73.9% of the adult population of
Romania had abdominal obesity [21].

Recently, numerous indirect (not based on insulin) biological indicators of IR have been
proposed, making the measurement of IR much simpler, namely the triglyceride–glucose
index (TyG), TyG–body mass index (TyG–BMI), the TyG–waist-to-height ratio (TyG–WHtR),
TyG–waist circumference (TyG–WC), the triglyceride to high-density-lipoprotein choles-
terol index, also called the Reaven index (TG/HDL-c), and recently proposed indicators
such as the metabolic score for IR (MetS-IR), TyG–neck circumference (TyG–NC) and the
TyG–neck-circumference-to-height ratio (TyG–NHtR); all of these have also been studied
in patients with MetS [22–25]. Although the PREDATORR study brought to light data
on the prevalence of MetS in our country, as well as some of its components, no data are
available regarding the correlation between MetS and the indirect indicators of IR. In this
context, we proposed to investigate this association and the differences according to the
study participants’ gender.
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2. Results
In the PREDATORR study, 2728 participants were enrolled, but data were incomplete

for 134 of them, so they could not be included in this analysis. Thus, a total of 2594 subjects
were eligible for the carried-out analysis, the majority being women (52.6%). The prevalence
of MetS, adjusted for age and gender, was reported in another published article, as previ-
ously mentioned [21]. The demographic, anthropometric and paraclinical characteristics of
the studied group are presented in Table 1.

Table 1. Demographic, anthropometric and paraclinical characteristics of the study population.

Characteristics
Female Group Male Group

MetS (+) MetS (−) p-Value MetS (+) MetS (−) p-Value

Participants, no. 595 782 590 627

Age (years) 63 (13) 53 (22) <0.001 61 (15) 57 (24) <0.001

BMI (kg/m2) 30.8 (6.9) 26 (7.6) <0.001 29.4 (5.5) 26.3 (5.4) <0.001

WC (cm) 101.5 (16) 88 (20) <0.001 106 (13) 97.2 (16) <0.001

WHtR 0.63 (0.10) 0.54 (0.13) <0.001 0.61 (0.08) 0.56 (0.09) <0.001

NC (cm) 37 (4) 34 (5) <0.001 42 (4) 40 (5) <0.001

NhtR 0.23 (0.03) 0.21 (0.03) <0.001 0.23 (0.03) 0.22 (0.03) <0.001

SBP (mmHg) 140 (25) 127 (28) <0.001 145 (28) 133 (29) <0.001

DBP (mmHg) 81 (16) 76 (15) <0.001 84 (15) 79 (17) <0.001

FPG (mg/dL) 96.17 (31) 80 (14) <0.001 99 (32) 81.99 (16) <0.001

HbA1c (%) 5.80 (0.9) 5.38 (0.5) <0.001 5.70 (1.0) 5.40 (0.4) <0.001

TC (mg/dL) 212 (75) 204.5 (59) 0.006 204 (64) 200 (57) 0.014

HDL-c (mg/dL) 48 (14) 62 (17) <0.001 42 (14) 53.36 (17) <0.001

LDL-c (mg/dL) 133 (64) 124 (50) <0.001 123 (54) 121.34 (50) 0.638

TG (mg/dL) 153.57 (79) 88 (49) <0.001 172 (110) 98.94 (53) <0.001

%BF 45.68 (8.28) 38.66 (11.66) <0.001 32.94 (7.37) 28.54 (8.39) <0.001

HOMA-IR 4.01 (2.72) 1.53 (1.17) <0.001 4.07 (3.04) 1.85 (1.21) <0.001

Marital status (%)

Married 62.5 69.1

<0.001

86.7 78.9

<0.001
Single 4.1 9.0 3.2 11.8

Divorced 6.1 7.7 5.1 4.3

Widowed 27.3 14.2 5.0 4.9

High educational level (%) 55.7 67.0 <0.001 59.1 59.9 0.772

Sedentarism (%) 18.1 19.8 0.425 19.9 15.6 0.047

Reduced sleep duration (%) 43.2 32.8 <0.001 28.5 28.8 0.922

Alcohol consumption (%) 34.6 36.2 0.550 76.0 79.8 0.107

Smoking (%)

Daily smokers 12.9 15.1

0.021

19.5 22.1

0.125
Occasional smokers 1.3 3.7 2.6 4.2

Former smokers 16.9 17.1 43.7 38.3

Non-smokers 68.9 64.1 34.2 35.4

MetS: metabolic syndrome; BMI: body mass index; WC: waist circumference; WHtR: waist-to-height ratio; NC:
neck circumference; NhtR: neck-circumference-to-height ratio; SBP: systolic blood pressure; DBP: diastolic blood
pressure; FPG: fasting plasma glucose; HbA1c: glycated hemoglobin; TC: total cholesterol; HDL-c: high-density-
lipoprotein cholesterol; LDL-c: low-density-lipoprotein cholesterol; TG: triglycerides; %BF: body fat percentage;
HOMA-IR: homeostatic model assessment for IR. Continuous variables with abnormal distribution are presented
as median (IQR).

Both in the female and male groups, the analysis of these characteristics highlighted
statistically significant differences between MetS (+) subjects and MetS (−) subjects, as
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follows: MetS (+) participants presented with an older age, BMI, WC, WHtR, NC, NhtR,
%BF, SBP and DBP with significantly increased values. Also, the following paraclinical data
demonstrated significantly increased values in subjects with MetS in both genders: FPG,
HbA1c, TC, TG and HOMA-IR. HDL-c values were significantly lower in both women and
men with MetS.

Regarding sedentarism, a significantly increased percentage was recorded in the group
of men with MetS, but in the group of women, a statistically significant difference could
not be demonstrated (p = 0.425). Reduced sleep duration was more frequent in the group
of females with MetS (+), while in the case of males, the results were almost superimposed
(p = 0.922). Regarding smoking and alcohol consumption, we could not demonstrate a
statistically significant difference in the sense of a higher frequency in the case of subjects
with MetS, as presented in Table 1.

We calculated and compared the indirect IR indicators according to the two studied
groups. It is extremely important that all analyzed indicators, regardless of gender, had
statistically significantly higher values in the case of MetS (+) vs. MetS (−) subjects
(p < 0.001), as can be seen in Table 2.

Table 2. Indirect IR indicators according to gender and MetS.

IR
Indicators

Female Group Male Group

MetS (+) MetS (−) p-Value MetS (+) MetS (−) p-Value

TyG 8.90 [0.64] 8.18 (0.60) <0.001 9.05 (0.72) 8.30 (0.57) <0.001
TyG–BMI 276.35 (64.57) 213.82 (67.02) <0.001 268.50 (59.93) 217.41 (50.68) <0.001
TyG–WC 912.20 ± 128.78 724.17 ± 131.97 <0.001 982.33 ± 135.99 810.24 ± 122.20 <0.001

TyG–WHtR 5.70 ± 0.81 4.49 ± 0.84 <0.001 5.65 ± 0.80 4.66 ± 0.69 <0.001
TyG–NC 329.12 (52.59) 281.60 (49.68) <0.001 378.90 (59.30) 328.60 (46.33) <0.001

TyG–NHtR 2.04 (0.35) 1.75 (0.32) <0.001 2.18 (0.34) 1.89 (0.28) <0.001
TG/HDL-c 3.08 (2.04) 1.40 (0.94) <0.001 4.17 (3.62) 1.83 (1.37) <0.001

MetS-IR 47.30 (12.44) 34.87 (11.00) <0.001 47.36 (11.95) 37.23 (9.24) <0.001

IR: insulin resistance; MetS: metabolic syndrome; TyG: triglyceride–glucose; TyG–BMI: TyG–body mass index; TyG–
WC: TyG–waist circumference; TyG–WHtR: TyG–waist-to-height ratio; TyG–NC: TyG-neck circumference; TyG–
NHtR: TyG-neck-circumference-to-height ratio; TG/HDL-c: triglyceride to high-density-lipoprotein cholesterol;
MetS-IR: metabolic score for insulin resistance. Continuous variables with normal distribution are presented as
means ± standard deviation and those with abnormal distribution are presented as median [IQR].

Moreover, using the Spearman’s correlation coefficient, we observed that the indirect
indicators of IR positively correlate with each other in both genders, as is evidenced in
Tables 3 and 4.

Table 3. Correlation between the indirect IR indicators in females.

IR
Indicators TyG TyG–BMI TyG–WC TyG–WHtR TyG–NC TyG–NHtR TG/HDL-c MetS-IR

TyG 1
TyG–BMI 0.611 * 1
TyG–WC 0.682 * 0.874 * 1

TyG–WHtR 0.680 * 0.883 * 0.975 * 1
TyG–NC 0.713 * 0.727 * 0.779 * 0.746 * 1

TyG–NHtR 0.714 * 0.746 * 0.757 * 0.787 * 0.953 * 1
TG/HDL-c 0.873 * 0.543 * 0.605 * 0.594 * 0.623 * 0.612 * 1

MetS-IR 0.606 * 0.971 * 0.865 * 0.868 * 0.715 * 0.728 * 0.615 * 1

IR: insulin resistance; TyG: triglyceride–glucose; TyG–BMI: TyG–body mass index; TyG–WC: TyG–waist cir-
cumference; TyG–WHtR: TyG–waist-to-height ratio; TyG–NC: TyG-neck circumference; TyG–NHtR: TyG-neck-
circumference-to-height ratio; TG/HDL-c: triglyceride to high-density-lipoprotein cholesterol; MetS-IR: metabolic
score for insulin resistance. * p < 0.001.

Univariate logistic regression analysis highlighted, both in the case of females and
males, that with the exception of LDL-c, which was associated with MetS only in females,
all of the other parameters investigated were associated with MetS in both genders. The
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established limit for the analysis of WHtR and NhtR represents the cut-off of the respective
variables (Table 5).

Table 4. Correlation between the indirect IR indicators in males.

IR
Indicators TyG TyG–BMI TyG–WC TyG–WHtR TyG–NC TyG–NHtR TG/HDL-c MetS-IR

TyG 1
TyG–BMI 0.619 * 1
TyG–WC 0.678 * 0.818 * 1

TyG–WHtR 0.674 * 0.824 * 0.969 * 1
TyG–NC 0.588 * 0.593 * 0.621 * 0.600 * 1

TyG–NHtR 0.578 * 0.595 * 0.588 * 0.626 * 0.971 * 1
TG/HDL-c 0.757 * 0.416 * 0.453 * 0.443 * 0.418 * 0.404 * 1

MetS-IR 0.629 * 0.954 * 0.795 * 0.791 * 0.582 * 0.576 * 0.540 * 1

IR: insulin resistance; TyG: triglyceride–glucose; TyG–BMI: TyG–body mass index; TyG–WC: TyG–waist cir-
cumference; TyG–WHtR: TyG–waist-to-height ratio; TyG–NC: TyG-neck circumference; TyG–NHtR: TyG-neck-
circumference-to-height ratio; TG/HDL-c: triglyceride to high-density-lipoprotein cholesterol; MetS-IR: metabolic
score for insulin resistance. * p < 0.001.

Table 5. The univariate logistic regression analysis—variables associated with MetS.

Variables
Female Group Male Group

OR 95% CI p-Value OR 95% CI p-Value

Age (years) 1.057 1.047–1.066 <0.001 1.022 1.013–1.030 <0.001
BMI (kg/m2) 1.135 1.111–1.159 <0.001 1.202 1.165–1.239 <0.001

WC (cm) 1.076 1.066–1.086 <0.001 1.070 1.058–1.082 <0.001
WHtR (≧0.5852) 5.868 4.634–7.430 <0.001 4.116 3.253–5.209 <0.001

NC (cm) 1.162 1.126–1.198 <0.001 1.101 1.069–1.134 <0.001
NhtR (≧0.2293) 3.099 2.471–3.886 <0.001 2.888 2.285–3.650 <0.001

SBP (mmHg) 1.030 1.024–1.035 <0.001 1.024 1.018–1.030 <0.001
DBP (mmHg) 1.034 1.024–1.044 <0.001 1.030 1.020–1.039 <0.001
FPG (mg/dL) 1.069 1.059–1.079 <0.001 1.054 1.045–1.062 <0.001

HbA1c (%) 6.834 5.189–9.000 <0.001 4.247 3.302–5.463 <0.001
TC (mg/dL) 1.003 1.001–1.005 0.007 1.003 1.001–1.006 0.008

HDL-c (mg/dL) 0.916 0.905–0.926 <0.001 0.926 0.916–0.937 <0.001
LDL-c (mg/dL) 1.006 1.003–1.008 <0.001 1.001 0.998–1.003 0.685

TG (mg/dL) 1.028 1.025–1.032 <0.001 1.019 1.017–1.022 <0.001
% BF 1.124 1.106–1.143 <0.001 1.141 1.117–1.166 <0.001

HOMA-IR 1.821 1.667–1.988 <0.001 1.704 1.564–1.855 <0.001
TyG 52.985 34.600–81.139 <0.001 29.123 19.900–42.622 <0.001

TyG–BMI 1.021 1.019–1.024 <0.001 1.032 1.028–1.036 <0.001
TyG–WC 1.011 1.010–1.012 <0.001 1.012 1.011–1.013 <0.001

TyG–WHtR 5.820 4.811–7.040 <0.001 7.363 5.808–9.335 <0.001
TyG–NC 1.031 1.027–1.035 <0.001 1.027 1.023–1.030 <0.001

TyG–NHtR 145.452 80.931–261.410 <0.001 79.122 44.325–141.234 <0.001
TG/HDL-c 4.484 3.792–5.302 <0.001 2.135 1.933–2.358 <0.001

MetS-IR 1.149 1.131–1.168 <0.001 1.204 1.178–1.231 <0.001
OR: odds ratio; CI: confidence interval; BMI: body mass index; WC: waist circumference; WHtR: waist-to-height
ratio; NC: neck circumference; NhtR: neck-circumference-to-height ratio; SBP: systolic blood pressure; DBP:
diastolic blood pressure; FPG: fasting plasma glucose; HbA1c: glycated hemoglobin; TC: total cholesterol; HDL-c:
high-density-lipoprotein cholesterol; LDL-c: low-density-lipoprotein cholesterol; TG: triglycerides; %BF: body fat
percentage; HOMA-IR: homeostatic model assessment for IR; TyG: triglyceride–glucose; TyG–BMI: TyG–body
mass index; TyG–WC: TyG–waist circumference; TyG–WHtR: TyG–waist-to-height ratio; TyG–NC: TyG-neck
circumference; TyG–NHtR: TyG-neck-circumference-to-height ratio; TG/HDL-c: triglyceride to high-density-
lipoprotein cholesterol; MetS-IR: metabolic score for insulin resistance.

Using the multivariate logistic regression analysis adjusted for age, we demonstrated
that TyG and MetS-IR were independent predictors for MetS in males and females alike.
Furthermore, we could observe that TyG–BMI and TG/HDL-c have lower chances of being
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associated with MetS, regardless of gender (p < 0.001). In the case of the other studied
indicators, statistical significance was not reached (Table 6).

Table 6. The multivariate logistic regression analysis adjusted for age.

Variables
Female Group Male Group

OR 95% CI p-Value OR 95% CI p-Value

TyG 86.426 40.023–186.631 <0.001 40.242 21.488–75.365 <0.001
TyG–BMI 0.898 0.880–0.915 <0.001 0.944 0.930–0.959 <0.001
TyG–WC 1.002 0.961–1.044 0.933 1.006 0.973–1.040 0.728

TyG–WHtR 2.377 0.003–1836.364 0.799 0.662 0.002–202.588 0.888
TyG–NC 0.999 0.893–1.119 0.990 1.002 0.921–1.089 0.970

TyG–NHtR 0.618 0.000–46,825,902.32 0.959 0.896 0.000–1,981,435.421 0.988
TG/HDL-c 0.677 0.561–0.818 <0.001 0.793 0.720–0.874 <0.001

MetS-IR 1.881 1.684–2.101 <0.001 1.448 1.336–1.569 <0.001
OR: odds ratio; CI: confidence interval; TyG: triglyceride–glucose; TyG–BMI: TyG–body mass index; TyG–WC:
TyG–waist circumference; TyG–WHtR: TyG–waist-to-height ratio; TyG–NC: TyG-neck circumference; TyG–NHtR:
TyG-neck-circumference-to-height ratio; TG/HDL-c: triglyceride to high-density-lipoprotein cholesterol; MetS-IR:
metabolic score for insulin resistance.

Regarding the ROC curve analysis, for both genders, TyG had the highest AUROC
curve. Thus, in the case of female subjects, the TyG AUROC curve was 0.890, with 95%
CI 0.873–0.907, and p < 0.001; the cut-off value was 8.51, with 81.4% sensitivity and 80.0%
specificity. The next indicator with the highest AUROC curve was TG/HDL-c (AUROC
curve 0.872; 95% CI 0.853–0.891); p < 0.001; cut-off value 2.05, presenting 80.4% sensitivity
and 79.0% specificity. Data on all analyzed indirect IR indicators are presented in Figure 1
and Table 7.

Table 7. The ROC curve analysis for the indirect IR indicators in females.

IR
Indicators

AUROC
Curve

Standard
Error 95% CI p-Value Cut-Off

Value
Sensitivity

(%)
Specificity

(%)

TyG 0.890 0.009 0.873–0.907 <0.001 8.51 81.4% 80.0%
TyG–BMI 0.806 0.011 0.784–0.828 <0.001 244.52 74.4% 86.0%
TyG–WC 0.848 0.010 0.829–0.868 <0.001 805.72 79.5% 74.0%

TyG–WHtR 0.849 0.010 0.829–0.868 <0.001 5.06 79.4% 74.2%
TyG–NC 0.814 0.011 0.791–0.836 <0.001 306.46 72.4% 74.9%

TyG–NHtR 0.817 0.011 0.795–0.839 <0.001 1.89 74.3% 73.2%
TG/HDL-c 0.872 0.010 0.853–0.891 <0.001 2.05 80.4% 79.0%

MetS-IR 0.836 0.010 0.815–0.857 <0.001 41.02 74.3% 75.8%
IR: insulin resistance; ROC: receiver operating characteristic; AUC: area under the ROC curve; CI: confidence
interval; TyG: triglyceride–glucose; TyG–BMI: TyG–body mass index; TyG–WC: TyG–waist circumference; TyG–
WHtR: TyG–waist-to-height ratio; TyG–NC: TyG-neck circumference; TyG–NHtR: TyG-neck-circumference-
to-height ratio; TG/HDL-c: triglyceride to high-density-lipoprotein cholesterol; MetS-IR: metabolic score for
insulin resistance.

In the case of male study participants, the TyG AUROC curve recorded the value 0.880,
with 95% CI 0.861–0.899 and p < 0.001. The cut-off value was 8.69, the sensitivity 78.5%,
and the specificity 84.6%. After TyG, the next indicator with the highest AUROC curve
was TyG–WC (AUROC curve 0.851; 95% CI 0.831–0.872; p < 0.001; cut-off value 895.51;
74.8% sensitivity; 80.3% specificity). The data regarding indirect indicators of IR in males
are presented in Figure 2 and Table 8.

Compared to the values obtained regarding the indirect IR indicators, the HOMA-IR
presented the following characteristics in the female group: AUROC curve 0.781; standard
error 0.013; 95% CI 0.756–0.805; p < 0.001; cut-off value 2.125; sensitivity 71.0%; specificity
73.0%. In the male group, the HOMA-IR demonstrated the following: AUROC curve 0.787;
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standard error 0.013; 95% CI 0.762–0.812; p < 0.001; cut-off value 2.085; sensitivity 72.9%;
specificity 73.1% (Figure 3).
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Figure 1. The ROC curve analysis for the indirect IR indicators in females. ROC: receiver operating
characteristic; TyG: triglyceride–glucose; TyG–BMI: TyG–body mass index; TyG–WC: TyG–waist
circumference; TyG–WHtR: TyG–waist-to-height ratio; TyG–NC: TyG-neck circumference; TyG–
NHtR: TyG-neck-circumference-to-height ratio; TG/HDL-c: triglyceride to high-density-lipoprotein
cholesterol; MetS-IR: metabolic score for insulin resistance.

Table 8. The ROC curve analysis for the indirect IR indicators in males.

IR
Indicators

AUROC
Curve Standard Error 95% CI p-Value Cut-Off Value Sensitivity (%) Specificity (%)

TyG 0.880 0.010 0.861–0.899 <0.001 8.69 78.5% 84.6%
TyG–BMI 0.818 0.012 0.795–0.840 <0.001 241.54 75.3% 71.7%
TyG–WC 0.851 0.011 0.831–0.872 <0.001 895.51 74.8% 80.3%

TyG–WHtR 0.845 0.011 0.824–0.866 <0.001 5.07 76.9% 76.6%
TyG–NC 0.823 0.012 0.800–0.846 <0.001 352.06 75.3% 75.5%

TyG–NHtR 0.815 0.012 0.792–0.838 <0.001 2.03 73.8% 76.0%
TG/HDL-c 0.845 0.011 0.824–0.867 <0.001 2.87 74.6% 81.5%

MetS-IR 0.840 0.011 0.819–0.862 <0.001 41.07 80.5% 71.2%

IR: insulin resistance; ROC: receiver operating characteristic; AUC: area under the ROC curve; CI: confidence
interval; TyG: triglyceride-glucose; TyG–BMI: TyG–body mass index; TyG–WC: TyG–waist circumference; TyG–
WHtR: TyG–waist-to-height ratio; TyG–NC: TyG-neck circumference; TyG–NHtR: TyG-neck-circumference-
to-height ratio; TG/HDL-c: triglyceride to high-density-lipoprotein cholesterol; MetS-IR: metabolic score for
insulin resistance.
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Figure 2. The ROC curve analysis for the indirect IR indicators in males. ROC: receiver operating
characteristic; TyG: triglyceride–glucose; TyG–BMI: TyG–body mass index; TyG–WC: TyG–waist
circumference; TyG–WHtR: TyG–waist-to-height ratio; TyG–NC: TyG-neck circumference; TyG–
NHtR: TyG-neck-circumference-to-height ratio; TG/HDL-c: triglyceride to high-density-lipoprotein
cholesterol; MetS-IR: metabolic score for insulin resistance.
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3. Discussion
As we mentioned, in Romania, the prevalence of MetS was 38.5%, increasing with age

and being more frequent in male participants, compared to female participants. These data
were highlighted in a previously published article [21]. Recently, the relationship between
indirect indicators of IR and MetS has become a topic of interest for researchers [26–28].
These indicators are useful in the diagnosis of MetS [16,24,29–32], and the diagnostic level
and value show differences depending on the gender of the subjects [16], a fact confirmed
by our study.

Abbasi and Reaven published an article in 2011, in which the correlation between TyG
and MetS was analyzed and proven [33]. TyG proved to be the best predictor of MetS in
overweight and obese subjects, but also in normal-weight individuals, which is remarkable
since early identification and intervention of the risk factors can be performed [16,24,25,34].
The fact that TyG represents an important indicator for MetS screening, being sensitive
and specific for this condition, was also proven in a systematic review and meta-analysis
published by Nabipoorashrafi et al. [35]. These results were also found in a cross-sectional
study by Zhang et al., highlighting that TyG is an independent risk factor for MetS, but also
an important indicator that can be used for MetS screening [16].

According to the results of our study, out of all of the indirect IR indicators ana-
lyzed, TyG presents the highest diagnostic accuracy, confirming results published by other
authors [24,32]. Moreover, similar to our study, other authors evidenced the usefulness
and importance of using indirect IR indicators. Thus, TyG presented a higher AUROC
curve compared to the HOMA-IR, demonstrating that it has a superior capacity to predict
MetS [22,24,30,36]. The same higher predictive value of TyG over the HOMA-IR was
reported in a prospective study from 2022 in over 6000 subjects [37]. Furthermore, in a
recent study of over 9000 subjects, TyG demonstrated predictive value for type 2 diabetes
mellitus at the cut-off value 8.9, with a sensitivity of 72.3% and a specificity of 79.1% [38].
In disagreement with our results, which demonstrate that TyG has the highest diagnostic
accuracy of MetS, compared to combinations of TyG and anthropometric indices, Lim
et al. published data indicating TyG–BMI as the indicator with the best prediction of IR,
compared to TyG, TyG–WC and TyG–WHtR [31]. Similarly, Raimi et al. conducted a study
that places TyG after TyG–WHtR, TyG–WC and TyG–BMI in terms of the AUROC curve
for the diagnosis of MetS [29]. The explanation can be represented by the characteristics of
the study participants, such as ethnic differences, as well as BMI [29,31].

Our study results reveal the fact that both TyG–NC and TyG–NHtR, although they
have comparatively lower AUROC curves, are useful in the diagnosis of MetS, with the
importance of these results being amplified by the fact that NC represents an important
indicator for cardiovascular risk and MetS [39,40]. Similar results were described by Mirr
et al., which further highlight the need for additional observations for the application of
these indirect indicators of IR in clinical practice [24].

Because MetS is closely related to lipid abnormalities in terms of its diagnostic criteria,
TG/HDL-c achieves the second highest AUROC curve in our study in the case of female
subjects and the third highest AUROC curve in the case of male subjects. Similarly, Mirr
et al. described this indicator as having the highest AUROC curve after TyG [24]. Contrary
to our results, the study of Zhang et al. [16] reported that TG/HDL-c had one of the lowest
AUROC curve among the analyzed IR indicators. Moreover, TG/HDL-c was not reported
as an independent risk factor for women with MetS [16], unlike the results obtained in
our study.
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Bello-Chavolla et al. demonstrated for the first time that MetS-IR can be used for
cardiometabolic risk assessment and MetS screening [34,41]. However, similar results
to our study were published by other authors, who found that MetS-IR did not have a
higher diagnostic accuracy of MetS compared to other IR indicators, in both genders [16,24].
Moreover, Zhang et al. [16] demonstrated that MetS-IR was an independent risk factor for
women and men with MetS; these results were also confirmed in a recent study conducted
in 250 adolescents aged 13–18 years old [42]. In this research, the cut-off value identified for
MetS-IR, predictive for MetS, was 46.53, having a specificity of 75.76% and a sensitivity of
64.24% [42]. In the present study, TyG and MetS-IR were independent predictors for MetS,
regardless of the subject’s gender.

The limitations of this study must be also considered and are represented by the fact
that the study was conducted in a specific geographic region, and the results cannot be
extrapolated to other populations, except for those with similar characteristics. Another
limitation is represented by the fact that this is a cross-sectional study, and MetS and
the analyzed factors coexist; therefore, we cannot establish a cause–effect relationship. In
addition, this study managed to compare the indirect IR indicators with only the HOMA-IR,
not with other indicators used for the diagnosis of MetS. The small number of subjects
in different analyzed subgroups may represent an explanation for the wide confidence
intervals in the logistic regression analysis, this being another limitation of our study. Last,
but not least, the major cardiovascular risk factors were not analyzed, such as metabolic-
dysfunction-associated steatotic liver disease (MASLD) and chronic kidney disease (CKD),
elements that have recently been identified as being diagnostic criteria for MetS [7,43].
MASLD is considered to be the hepatic manifestation of MetS, given the fact that they share
numerous cardiometabolic risk factors, such as obesity, IR, HTN, atherogenic dyslipidemia,
type 2 DM or prediabetes [7,44,45]. MASLD is characterized by an increased hepatic fat
content, not being caused by significant alcohol consumption or another secondary cause
of steatosis; recent data has suggested that hepatic fat accumulation may influence the
transformation of metabolically healthy obesity into metabolically unhealthy obesity, thus
exposing the person to an increased cardiometabolic risk. However, MASLD is not a
diagnostic criterion for MetS [7,46,47]. MASLD can be evaluated using liver ultrasound
or transaminases, or a combination of these markers. In a study conducted by our team
in 2022 [26], we highlighted the usefulness of insulin resistance biomarkers as predictors
for MASLD in patients with type 2 diabetes. Furthermore, in two other studies [27,28], we
demonstrated that TyG is a useful tool for the evaluation of MASLD in patients with MetS,
as it correlates with the degree of liver steatosis described using liver biopsy. In light of
this, the study of transaminases in our study population would have brought important
information regarding this association. However, the study design of the PREDATORR
study did not include the measurement of these biomarkers, which is a limitation for the
present analysis.

This study also presents strong points represented mainly by the calculation of the sam-
ple size, but also by the standardized measurements of the anthropometric and paraclinical
characteristics, as well as the establishment of diagnoses according to the recommendations
of the current guidelines.

Although studies have been carried out in various regions and on various popula-
tions, this topic has not been sufficiently investigated, as complex studies are needed on
large groups of subjects to identify a uniform diagnostic indicator of MetS. What is more,
identifying early markers of MetS, with low costs, that can be easily calculated based on
routine laboratory investigations, is particularly useful in the situation of limited resources,
which is the case in many health care systems around the world.
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4. Materials and Methods
4.1. Participants

The PREvalence of DiAbeTes mellitus, prediabetes, overweight, Obesity, dyslipidemia,
hyperuricemia and chRonic kidney disease in Romania (PREDATORR) study (EudraCT
number: 2012-004803-12) took place in Romania, during 2012–2014. This was a cross-
sectional, population-based study. It aimed to determine the prevalence of DM, prediabetes,
being overweight and obesity, dyslipidemia, hyperuricemia and CKD in the adult popula-
tion. The design of this study has been described in previously published articles [21,48].
The subjects were enrolled through a random computerized selection from the databases
of 101 general practitioners from the National Health Insurance Company database, also
randomly enrolled. This was carried out equally for the eight historical regions of Romania.
In order to produce a representative sample for the adult population in our country, based
on the 2002 Romanian Census, a total of 2728 participants who met the following inclusion
criteria were included in the study: age between 20 and 79 years, born in Romania, living
in Romania for the last 10 years, included in the list of a general practitioner, not pregnant
and not lactating. Written informed consent was obtained from all the participants before
being subjected to the specific procedures of the PREDATORR study. In addition, the study
was approved by the Romanian National Ethics Committee (approval code 4064 from 12
December 2012) and was carried out in accordance with the World Medical Association
Declaration of Helsinki—Ethical Principles for Medical Research Involving Human Par-
ticipants, and the applicable standards of the International Conference on Harmonization
(ICH)/Good Clinical Practice (GCP).

4.2. Anamnestic, Lifestyle and Socio Demographic Data

The interviewers used a questionnaire to collect information on socio-demographic
characteristics (age, gender, education level, marital status), lifestyle (physical activity,
sleep duration, alcohol consumption, diet, smoking), as well as medical history (DM, HTN,
dyslipidemia, obesity, cardiovascular diseases, etc., along with current lipid-lowering,
antihypertensive and antidiabetic treatment). The education level of the participants
was classified as low (primary school, secondary school) or high (college, high school,
university). Subjects who performed physical activity less than 4 days per week were
considered sedentary. Reduced sleep duration was defined in participants who slept less
than 7 h per night. Regarding alcohol consumption, subjects who declared that they had
not consumed alcohol in the last month were considered non-drinkers. Smoking data were
collected through a self-administered questionnaire. Subjects were therefore categorized by
smoking status into non-smokers (never smoked), current smokers (smoked more than one
cigarette per day, occasionally, or daily and did not quit), and former smokers (who have
quit smoking).

4.3. Clinical and Biochemical Data

The clinical examination consisted of recording anthropometric data (height, weight,
and waist, hip and neck circumference), as well as systolic and diastolic blood pressure,
using standard procedures. BMI was calculated according to the formula BMI = weight
(kilograms)/height squared (meters), and the results were classified according to the cri-
teria of the World Health Organization. Being overweight was defined as having a BMI
between 25 and 29.9 kg/m2, and subjects with a BMI ≥ 30 kg/m2 were classified as obese.
Abdominal obesity was defined as a waist circumference (WC) of ≥80 cm for women and
≥94 cm for men. The ratio between waist circumference and height (WHtR) was calculated
according to the following formula: waist circumference (cm)/height (cm), with a value
≥0.5 being an indicator of abdominal obesity. The ratio between neck circumference and
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height (NhtR) was calculated according to the following formula: neck circumference
(cm)/height (cm) [49]. High blood pressure was defined as a SBP ≥ 130 mmHg and/or
DBP ≥ 85 mmHg and/or personal history of HTN and/or home antihypertensive treat-
ment [15]. We also calculated body fat percentage (%BF), according to the Deurenberg
equation: %BF = 1.2 × BMI (kg/m2) + 0.23 × age (years) − 10.8 × gender (female = 0,
male = 1) − 5.4 [50]. The homeostatic model assessment for IR (HOMA-IR) was estimated
using the equation proposed by Matthews et al. [51].

The blood samples were collected while fasting, and biochemical analyses were
performed according to standardized procedures. Enzymatic methods were used to
determine fasting plasma glucose (FPG), total cholesterol (TC), HDL-c, low-density-
lipoprotein cholesterol (LDL-c) and triglycerides (TG). Hyperglycemia was defined by
an FPG value ≥ 100 mg/dL and/or glucose-lowering medication at home. Hypertriglyc-
eridemia was defined as a TG value ≥ 150 mg/dL or if the subjects were taking drug
treatment for hypertriglyceridemia. Hypo-HDL cholesterolemia was considered when
HDL-c levels were <40 mg/dL in men and <50 mg/dL in women and/or if participants
received treatment for low HDL-c.

The indirect indicators of IR were calculated using the following formulas: TyG = Ln
(fasting TG × FPG/2), TyG–BMI = TyG × BMI, TyG–WHtR = TyG × WHtR, TyG–WC =
TyG × WC, TG/HDL-c = fasting TG/fasting HDL-c, MetS-IR = (Ln (2 × FPG + fasting
TG) × BMI)/(Ln (HDL-c)), TyG–NC = TyG × NC, TyG–NHtR = TyG × NHtR; where Ln
represents natural logarithm [24,25,29,34,41].

MetS was defined according to the Harmonization definition, 2009, if the subjects met
three out of the five diagnostic criteria presented in Table 9 [15].

Table 9. Criteria for clinical diagnosis of MetS (adapted from [15]).

Measure Categorical Cut Points

Elevated waist circumference * Population- and country-specific definitions
(Europid: Men ≥ 94 cm, Women ≥ 80 cm)

Elevated triglycerides (or drug treatment for elevated triglycerides †) ≥150 mg/dL

Reduced HDL-c (or drug treatment for reduced HDL-c †)
<40 mg/dL in males;

<50 mg/dL in females
Elevated blood pressure (or antihypertensive drug treatment in a patient

with a history of hypertension) Systolic ≥ 130 and/or diastolic ≥ 85 mmHg

Elevated fasting glucose ‡ (or drug treatment of elevated glucose) ≥100 mg/dL

* It is recommended that the IDF or AHA/NHLBI cut-off points are used for people of European origin until more
data are available. † The most commonly used drugs for elevated triglycerides and reduced HDL-c are fibrates
and nicotinic acid. A patient taking 1 of these drugs can be presumed to have high triglycerides and low HDL-c.
High-dose omega-3 fatty acids presumes high triglycerides. ‡ Most patients with type 2 diabetes mellitus will
have metabolic syndrome by the proposed criteria.

4.4. Statistical Analysis

The PREDATORR study used a cluster sampling design in order to select the subjects
who participated in the study. We used the Kolmogorov–Smirnov test to identify the
distribution of continuous variables. Data with a Gaussian distribution were presented as
the mean ± standard deviation (SD), and data that did not have a normal distribution were
presented as the median and interquartile range (IQR). To determine the significance of the
differences between the groups, the Student’s t-test was used to compare the means, and
the Mann–Whitney U test was used to compare the medians. Categorical variables were
analyzed using the chi-square test. The cut-off value was evaluated by analyzing the area
under the receiver operating characteristic (AUROC) curve. The indirect indicators of IR
were correlated using the Spearman’s correlation coefficient. Univariate and multivariate
logistic regression was performed, with the aim of identifying the relationships between
MetS and indirect indicators of IR, as well as risk factors, providing the odds ratio (OR)
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with 95% confidence intervals (95% CI). The analyses were performed according to gender.
The obtained results were considered to be statistically significant if the recorded p-value
was < 0.05. Data were analyzed using the Statistical Package for the Social Sciences (SPSS)
version 26.0 (SPSS Inc., Chicago, IL, USA).

5. Conclusions
The values of the indicators TyG, TyG–WC, TyG–NC, TyG–NHtR and TG/HDL-c had

higher values in the male group, while TyG–BMI, TyG–WHtR and MetS-IR had similar
values in the two studied groups. Moreover, all of the analyzed indirect indicators of IR,
regardless of gender, had statistically significantly higher values in the case of MetS (+)
vs. MetS (−) subjects. Among these indicators, TyG demonstrated the highest AUROC
curve, both in women and in men. TyG and MetS-IR were independent predictive factors
for MetS, regardless of the gender of the study participants. In addition, TyG showed
a higher AUROC curve even compared to the HOMA-IR, demonstrating that it has a
superior capacity to predict MetS, which is extremely important in daily clinical practice.
These results can be useful for the diagnosis of MetS, but also for the implementation of
individualized prevention measures. It is extremely important to identify people with
MetS early through screening to optimize the management of risk factors and to implement
lifestyle changes.
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