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Abstract

Purpose Obesity and insulin resistance are considered cardinal to the pathophysiology of metabolic syndrome. Several simple
indexes of insulin resistance calculated from biochemical or anthropometric variables have been proposed. The study aimed
to assess the diagnostic accuracy of indirect insulin resistance indicators in detecting metabolic syndrome in non-diabetic
patients, including TG/HDLc, METS-IR, TyG, TyG-BMI, TyG-WC, TyG-WHtR, and new indicators TyG-NC (TyG-neck
circumference) and TyG-NHtR (Tyg-neck circumference to height ratio).

Methods The diagnostic accuracy of eight insulin resistance indexes was assessed using the receiver operating characteristic
curves (ROC curves) in 665 adult non-diabetic patients. Then, the analysis was performed after the division into groups with
proper body mass index, overweight and obese.

Results All indexes achieved significant diagnostic accuracy, with the highest AUC (area under the curve) for TyG (0.888)
and Tg/HDLc (0.874). The highest diagnostic performance in group with the proper body mass index was shown for TyG
(0.909) and TyG-BMI (0.879). The highest accuracy in the group of overweight individuals was presented by TyG (0.884)
and TG/HDLc (0.855). TG/HDLc and TyG showed the highest AUC (0.880 and 0.877, respectively) in the group with
obesity. Both TyG-NC and TyG-NHItR reached significant areas under the curve, which makes them useful diagnostic tests
in metabolic syndrome.

Conclusions Indirect indices of insulin resistance, including proposed TyG-NC and TyG-NHtR, show an essential diagnos-
tic value in diagnosing metabolic syndrome. TyG and TG/HDLc seem to be the most useful in the Caucasian population.

Keywords Insulin resistance - Metabolic syndrome - Obesity

Introduction diabetes but also for cardiovascular complications, including

hypertension and non-alcoholic fatty liver disease (NAFLD)

Metabolic syndrome is a set of features that increase the
risk of developing cardiovascular diseases and diabetes [1].
Obesity and insulin resistance are considered cardinal to
the pathophysiology of metabolic syndrome [1, 2]. Insulin
resistance (IR) is a state of decreased tissue sensitivity to
insulin, a glycemic-lowering hormone [3]. Insulin resist-
ance is considered a strong risk factor not only for type 2
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[3-5]. The hyperinsulinemic euglycemic clamp (HEC) is the
gold standard in assessing the insulin sensitivity of periph-
eral tissues [4, 6]. This method consists of continuous insu-
lin infusion until the serum concentration of 100 mIU/L is
achieved and maintained, and simultaneous intravenous glu-
cose infusion [4, 7]. During exogenous hyperinsulinemia,
insulin production by the pancreas and the hepatic glucose
production is blocked, and the amount of glucose adminis-
tered reflects its tissue uptake, and, thus, indirectly insulin
sensitivity [4, 8]. However, because this method is compli-
cated, time- and resource-consuming, insulin resistance is
most often assessed using simpler indicators [4, 6].

A commonly used indicator that strongly correlates
with insulin resistance assessed by HEC is the homeostatic
model assessment for insulin resistance (HOMA-IR), cal-
culated based on fasting glucose and insulin levels [7]. This
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method’s use is also limited in everyday practice by the rela-
tively high cost of measuring insulin concentration [9]. Sev-
eral simple indexes of insulin resistance calculated from bio-
chemical or anthropometric variables have been proposed [4,
9]. The triglyceride-glucose (TyG) index derived from cir-
culating triglycerides and glucose concentrations was shown
to be comparable or even more predictive than HOMA-IR in
assessing the risk of insulin resistance-related conditions [5,
10] TyG strongly correlates with insulin resistance assessed
by HEC and shows high sensitivity and specificity in the
diagnosis of insulin resistance [11].

The diagnostic value of TyG in the diagnosis of meta-
bolic syndrome has also been shown [12]. In recent years,
several indices calculated as products of TyG and anthro-
pometric indices have been proposed, including TyG-waist
circumference (TyG-WC), TyG-waist to height ratio (TyG-
WHtR), and TyG-body mass index (TyG-BMI) [13]. The
diagnostic accuracy of these indices in metabolic syndrome
has been shown [13]. The relationship of insulin resistance
indices with the metabolic syndrome components, especially
hypertension and prehypertension state, was investigated [9,
14-16]. In a study by Zeng et al., TyG, TyG-BMI, TyG-WC,
and TyG-WHtR presented positive correlations with systolic
and diastolic blood pressure in individuals with proper body
mass index [16]. In the research by Bala et al., TyG, TyG-
BMLI, and TyG-WC were independently associated with the
presence of hypertension [9]. Moreover, Zheng and Mao
identified TyG as the predictor of incident hypertension in
a follow-up study [17].

A simple insulin resistance indicator TG/HDLc (triglic-
erides to high-density lipoprotein cholesterol), which is cal-
culated as the ratio between triglycerides and high-density
cholesterol concentrations, has also been proposed, and it
was shown to be a marker for cardiometabolic and type 2
diabetes risk [18, 19]. It was also demonstrated that TG/
HDLc is associated with hypertension [9].

Metabolic score for IR (METS-IR) is a novel score to
assess insulin resistance defined as Ln((2 X fasting glu-
cose) + fasting triglycerides) X body mass index)/(Ln(high-
density lipoprotein cholesterol)) [20]. A significant cor-
relation between METS-IR and intravisceral, intrahepatic
(p=0.636, P<0.001) and intrapancreatic fat was presented
[20]. METS-IR also correlated with fasting insulin levels
[20]. The ability of METS-IR to predict type 2 diabetes in a
2-year follow-up study was evaluated, and it was presented
that the group in the highest quartile of METS-IR had the
highest risk to develop diabetes [20]. METS-IR was shown
to correlate positively with blood pressure values and is
strongly associated with hypertension in normal weight indi-
viduals [14]. These findings suggest that METS-IR may also
be associated with metabolic syndrome. To date, the useful-
ness of METS-IR in the diagnosis of metabolic syndrome
has not been studied.

@ Springer

Neck circumference (NC) is one of the anthropometric
indicators of obesity, but also cardiovascular risk and meta-
bolic syndrome [21, 22]. It seems that since the metabolic
syndrome consists of excess body weight, insulin resistance,
and hypertension, the combination of NC and TyG may
appear more accurate than either of these indicators alone.

The study aimed to compare the usefulness of indirect
insulin resistance indicators in detecting metabolic syn-
drome in non-diabetic patients, including the derivatives of
TyG, and TG/HDLc. We also investigated the usefulness of
METS-IR in the diagnosis of metabolic syndrome, which
was for the first time to our knowledge. Then, we proposed
novel indicators TyG-NC (TyG-neck circumference) and
TyG-NHtR (Tyg-neck circumference to height ratio) and
tested their usefulness in metabolic syndrome detection
before the onset of diabetes. These new indicators are, to
our knowledge, our concept and appear in medical literature
for the first time.

Materials and methods

The cross-sectional study included non-diabetic participants
aged 18 and over. Individuals with previously diagnosed dia-
betes and fasting plasma glucose above 125 mg/dL were
excluded from the study to analyze the group of patients
before the onset of diabetes. Patients taking lipid-lowering
drugs and individuals with severe hypertriglyceridemia
(plasma triglycerides > 500 mg/dL) were also excluded from
the study. The study was approved by the Ethical Commit-
tee of the Poznan University of Medical Sciences (approval
number 359/15).

Clinical data of each patient was collected, and laboratory
tests were performed.

Laboratory tests

The fasting serum concentrations of glucose (FPG), tri-
glycerides (TG), and high-density lipoprotein cholesterol
(HDLc) were assessed.

Anthropometric measurements and calculation
of anthropometricindexes

The anthropometric measurements of each participant were
carried out in the morning, fasting (at least 12 h after last
meal):

— measurement of body height in an upright standing posi-
tion without shoes with an accuracy of 0.5 cm,

— measurement of waist circumference (WC) at the approx-
imate midpoint between the lower margin of the last pal-
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Table 1 Group characteristics

Feature Mean+SD Median
Age (years) 539+14.5 57.0
Body mass (kg) 75.4+15.2 73.5
Height (cm) 165.8+9.1 165.0
Waist circumference (cm) 92.9+14.2 92.0
Neck circumference (cm) 36.2+3.7 36.0
BMI (kg/m?) 27.4+4.8 26.9
WHtR 0.56+0.08 0.56
NHtR 0.22+0.02 0.22
FPG (mg/dL) 904+11.1 89.0
TC (mg/dL) 203.6+42.0 201.0
HDLc (mg/dL) 65.9+17.2 63.0
LDLc (mg/dL) 111.1+39.7 106.0
TG (mg/dL) 142.2+78.2 125.0
Systolic BP (mmHg) 133.6+19.3 132.0
Diastolic BP(mmHg) 809+11.1 80.0
TyG 8.6+0.6 8.6
TyG-BMI 236.7+48.4 231.6
TyG-WC 803.9+146.8 802.3
TyG-WHtR 49+09 4.8
TyG-NC 313.0+£42.3 309.5
TyG-NHtR 1.9+0.2 1.9
METS-IR 38.2+8.6 37.3
TG/HDLc 24+1.7 1.96

pable rib and the top of the iliac crest, using an unstrech-
able tape(in units of cm),

— measurement of neck circumference (NC) in the midway
of the neck, between midcervical spine and midanterior
neck, to within 0.5 cm, with plastic unstrechable tape

— measurement of body mass without shoes in underwear
assessed using the certified electronic weighing scale
with the accuracy of 0.1 kg (Radwag, Poland).

— body mass index (BMI), defined as the body mass
divided by the square of the body height (expressed in
units of kg/m?),

— waist to height ratio (WHtR), defined as the waist circum-
ference divided by the body height

— neck to height ratio (NHtR) defined as the neck circum-
ference divided by the body height

Blood pressure measurements

The arterial blood pressure measurements were performed
using Digital electronic tensiometer (Omron Corporation™,
Kyoto, Japan), following the European Society of Hyper-
tension and European Society of Cardiology (ESH/ESC)
recommendations from 2013 [23]. Measurement was car-
ried out twice, and if the values were significantly different,

the measure was averaged out. Both systolic and diastolic
blood pressure values were measured with an accuracy of
2 mmHg.

Insulin resistance indexes

Insulin resistance indicators were calculated according to
the following formulas:

TyG=Ln [fasting TG (mg/dL) X FPG (mg/dL)/2], [14]

TyG-BMI=TyGxBM]I, [9]

TyG-WC=TyGx WC, [9]

TyG-WHtR =TyG x WHtR, [13]

TyG-NC=TyG xNC,

TyG-NH(R =TyG X NHIR,

TG/HDLc =fasting TG (mg/dL)/fasting HDL cholesterol
(mg/dL), [14]

METS-IR =Ln [(2XFPG (mg/dL) + fasting TG (mg/
dL)] x BMI (kg/m?))/(Ln[HDLc (mg/dL]). [20]

Metabolic syndrome criteria

Metabolic syndrome criteria were defined as the presence of
any 3 of 5 risk factors established by the International Diabe-
tes Federation Task Force on Epidemiology and Prevention
in 2009 for the Caucasians [24]:

— triglycerides: > 150 mg/dL or specific treatment for this
lipid abnormality

— HDL cholesterol: <40 mg/dL in males, <50 mg/dL in
females, or specific treatment for this lipid abnormality

— blood pressure (BP): systolic BP> 130 or diastolic
BP> 85 mm Hg, or treatment of previously diagnosed
hypertension

— fasting plasma glucose (FPG): > 100 mg/dL or previously
diagnosed type 2 diabetes (the individuals diagnosed
with diabetes were excluded in this study)

— waist circumference > 80 cm in females and >94 cm in
males [24]

Statistical analysis

Statistical analysis was performed with the Statistica v13
and Microsoft Excel Analyze it software. The predictive
accuracy of insulin resistance indexes was assessed using
the receiver operating characteristic curves (ROC curves).
For each of the insulin resistance indexes, the calculations
of the area under the ROC curve (AUC-ROC) were made. If
the AUC was significantly greater than 0.5, the calculations
of sensitivity and specificity were carried out. The optimal
thresholds for each index were selected, choosing the high-
est Youden’s index value. First, a non-grouping analysis
was performed, then curves were plotted, and calculations
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Fig. 1 Receiver operating characteristic curves non-grouping analysis

were made for normal BMI group (BMI between 18.5 and
24.99 kg/m?), overweight (BMI between 25 and 29.99 kg/
m?) and obese group (BMI > 30 kg/m?), respectively. The
curves were plotted also separately for males and females to
establish separate thresholds.

The minimal sample size was estimated using MedCalc
software for the area under the ROC curve test. Based on
previous reports, we assumed the predicted AUC as 0.75,
type I error as 0.05, type II error as 0.20 [12, 13]. We esti-
mated the ratio of negative to positive sample sizes as 0.6.
The required sample size was estimated as 40, which we
considered the minimum number of patients in each ana-
lyzed subgroup by gender and BMI.

1 - Specificity

1 - Specificity

Results

The study included 665 individuals. Females constituted
70.4% of the group. Obesity was diagnosed in 26.5% of
the group. Impaired fasting plasma glucose was present in
19.4% of the study group. 31.4% of the examined group
were previously diagnosed with hypertension. 35.2% met
the criteria of the metabolic syndrome. The values of the
anthropometric, laboratory, and insulin resistance indices
are presented in the Table 1.

The results of ROC-AUC analysis, 95% confidence inter-
val, optimal thresholds, corresponding sensitivity, specific-
ity, and Youden’s index values for each insulin resistance
index for the whole study group are presented in the Table 2.

@ Springer



Journal of Endocrinological Investigation (2021) 44:2831-2843

2836

(TP=N) So[eW Iy (T8 =N) SQ[BWJ 4 ‘[BAIIUI DUIPYUOD 7)) “QAIND JY) JApun vaIe DNV

LELO LELO 000'T 1€1°T 1000°0> LT6'0-189°0 6280 W
009°0 ¥89°0 L16'0 L¥S'T 1000°0> 806'0-208°0 198°0 d
L8S0 8590 6260 L¥S'T 1000°0> 806'0-06L°0 6v8°0 YIAH/DL
80t°0 8590 0SL'0 9L9'C€ ¥L80°0 628'0-9€5°0 L69°0 W
L0S0 SIL0 T6L°0 109°0€ 1000°0> L98°0-8YL°0 €180 d
6v7°0 €990 98L°0 109°0€ 1000°0> SL8'0—Y0L'0 68L°0 AI-SLAN
11L°0 11L°0 000'T ! 1000°0> 7€6'0-689°0 9€8°0 W
9v9'0 ¥$8°0 T6L°0 LES'T 1000°0> 006'0-16L0 7580 d
€490 128°0 128°0 LES'T 1000°0> 216'0-89L°0 0v8°0 WHN-DAL
918°0 918°0 000'T seLses 1000°0> 0v6'0—+0L0 6v8°0 W
¥59°0 6LL0 SL80 881°68C 1000°0> 906'0-008'0 6580 d
195°0 YOL'0 €680 887°€6C 1000°0> 6L8'0-TEL0 5080 ON-DAL
918°0 9180 000'T 6T€Y 1000°0> 8L6'0-98L°0 ¥16°0 W
8650 6£9°0 8560 9Ty 1000°0> 216'0-808°0 980 d
z19'0 890 ¥96'0 9Ty 1000°0> 0£6'0-618°0 YL8°0 WHM-DAL
1260 1260 000'T 911°578 1000°0> 066'0-2Z8'0 1760 W
¥19°0 ¥19°0 000'T 6LS 799 1000°0> 006'0-16L0 1580 d
1750 LT80 YIL'0 TETTEL 1000°0> 806°0-LLL'O W80 OM-DAL
LELO LEL'O 000'T €81°861 1000°0> 7€6'0-689°0 9€8°0 W
€190 86L°0 SL80 YTr's6l 1000°0> 7€6'0-9€8°0 168°0 d
6L9°0 98L°0 €680 YTr's6l 1000°0> 626'0-628°0 6L8°0 ING-DAL
06L°0 06L°0 000'T 888'8 1000°0> €56'0-87L°0 898°0 W
18L°0 €280 8560 06L'8 1000°0> LS6'0—LS'0 €26'0 d
9LL'O 1180 ¥96'0 06L'8 1000°0> 796'0-958°0 606'0 DAL

X3puT S USPNOK Koyroads Ananisuag pIOYsaIY, anpea 4 1D %S6 onv Xapuy

(#'7¢=N) xoput ssew Apoq 1odoxd yym dnoiS dyy ur sOXapur 9OUL)SISAI UI[NSUT JOJ SISA[RUR dAIND ONSLIANORIRYD Funerodo IOAI0I Y], € 3|qel

pringer

Qs



Journal of Endocrinological Investigation (2021) 44:2831-2843 2837
TyG TyG-BMI TyG-WC
1,0 1,0 1,0
0,8 0,8 | 0,8 .
2 2 2
E 0,6 E 0,6 + E 0,6 J
2 04 Z 04t Z 04 ]
wn wn wn
0,2 . 0,2 0,2 .
0,0 . . . . 0,0 . . . . 0,0 . . . .
0,0 02 04 06 08 1,0 0,0 02 04 06 08 1,0 0,0 02 04 06 08 1,0
1 - specificity 1 - specificity 1 - specificity
TyG-WHtR TyG-NC TyG-NHtR
1,0 T 1,0 T T T T 1,0 T T T T
0,8 . 0,8 | 0,8 r .
= z 2
= 0,6 . = 06 = 0,6 .
Z 04 ] Z 04t Z 04 ]
wn |72} n
0,2 . 0,2 | 0,2 iy .
0,0 1 1 1 1 0,0 1 1 1 1 O‘O 1 1 1 1
00 02 04 06 08 1,0 0,0 02 04 06 08 1,0 00 02 04 06 08 1,0
1 - specificity 1 - specicifity 1 - specificity
METS-IR TG/HDLc Comparison
1,0 T T 1,0 T T 1,0 —=————=
0.8 - 08 f f 08} &ommmm -
= z z ==
£ 06 1 £ o8y £ 06 =S -
Z 04 I Z o4} £ 04(= :
[%7) [72] n [~
0,2 . 0,2 | 0,2 .
0,0 . . . . 0,0 . . . . 0,0 . . . .
0,0 02 04 06 08 1,0 0,0 02 04 06 08 1,0 0,0 02 04 06 08 1,0

1 - specificity

1 - specificity

1 - specificity

Fig.2 Receiver operating characteristic curves in the group with proper body mass index

The receiver operating curves for the tested indices and the
comparison of them are presented in the Fig. 1. Testing
of ROC-AUC showed that all analyzed insulin resistance
indexes may discriminate the metabolic syndrome from
healthy individuals. The analysis presented the highest area
under the curve for TyG and TG/HDLc and the lowest area
under the curve for TyG-NC.

The results of the ROC-AUC, 95% confidence intervals,
optimal thresholds, corresponding sensitivity, specificity,
and Youden’s index values for insulin resistance indexes
in the group with proper body mass index are presented
in the Table 3. All indexes achieved significant diagnostic
accuracy, with the highest AUC for TyG and the lowest for
METS-IR. Only the AUC for METS-IR in males did not

reach statistical significance. The receiver operating curves
for this group are shown in the Fig. 2.

The results of the ROC curve analysis for the overweight
group are shown in the Table 4. As in the previous group,
all indicators showed a significant AUC. The highest AUC
was achieved by TyG and TG/HDLc, and the lowest by TyG-
NC. The receiver operating curves for this group are dem-
onstrated in the Fig. 3.

The results of the ROC curve testing in the group with
obesity are presented in the Table 5. All indexes achieved
significant diagnostic accuracy, with the highest AUC
for TG/HDLc and TyG, and the lowest for TyG-NC. The
receiver operating curves for this group are showed in the
Fig. 4.
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Fig.3 Receiver operating characteristic curves in the overweight group

Discussion

Our study confirms previous reports that insulin resistance’s
indirect indices may be of diagnostic value in diagnosing
metabolic syndrome [12, 13, 25]. Interestingly, it was dem-
onstrated that TyG has a better capacity in predicting meta-
bolic syndrome than HOMA-IR, which emphasizes the role
of indirect indices of insulin resistance in daily practice [10,
12]. Several studies have compared the usefulness of insu-
lin resistance indicators [13, 25, 26]. Yu et al. compared
TyG, METS-IR, and TG/HDLc in diagnosing metabolic
syndrome, identifying TyG as the one with the highest
diagnostic accuracy, followed by TG/HDLc and METS-IR,
which is consistent with our results [26]. A study comparing

00 0,2 04 06 08 1,0
1 - specificity

00 0,2 04 06 08 1,0
1 - specificity

IR indices in metabolic syndrome by Raimi et al. showed
the largest AUC for metabolic syndrome detection for TyG-
WHItR, followed by TyG-WC, TyG-BMI, and eventually,
TyG index, which is inconsistent with our study [13]. How-
ever, the discrepancy in the markers’ usefulness across coun-
tries has already been suggested and it is possible that ethnic
differentiation can explain these differences [13]. A study
by Lee et al. suggests TyG as an indicator of metabolically
obese but normal weight, which is consistent with our obser-
vations that TyG is the best indicator for recognizing the
metabolic syndrome features in a group of patients with nor-
mal body weight [5]. In the study by Lim et al., TyG-BMI
was found to predict insulin resistance better than TyG, TyG-
WC, and TyG-WHItR [25]. In this research, TyG and obe-
sity indices’ combinations showed better insulin resistance
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Table 5 Results of the receiver

. o Index AUC  95% CI P value Threshold  Sensitivity  Specificity =~ Youden’s index

operating characteristic curve

analysis for insulin resistance TyG 0.877 0.819-0922 <0.0001 8.765 0.849 0.870 0.719

2‘1‘\;1:‘1"756‘)“ the obese group F 0.870 0.799-0.923 <0.0001 8.813 0.817 0.895 0.712
M 0.887 0.763-0.960 <0.0001 8.719 0.857 0.900 0.757
TyG-BMI  0.798 0.698-0.828 <0.0001 287.928  0.778 0.675 0.453
F 0749 0.665-0.822 <0.0001 275782  0.887 0.544 0.431
M 0.814 0.676-0.912 <0.0001 287.116  0.786 0.750 0.536
TyG-WC 0767 0.697-0.827 <0.0001 951.726  0.657 0.753 0.410
F 0779 0.697-0.847 <0.0001 920.556  0.704 0.755 0.459
M 0.825 0.688-0.919 <0.0001 987.361  0.857 0.800 0.657
TyG-WH{R 0789 0.721-0.846 <0.0001 5.745 0.727 0.792 0.520
F 0.769 0.686-0.839 <0.0001 5.668 0.747 0.754 0.501
M 0.850 0.717-0.937 <0.0001 5.745 0.821 0.800 0.621
TyG-NC 0732 0.660-0.796 <0.0001 339.246  0.616 0.766 0.382
F 0.786 0.704-0.853 <0.0001 333.076  0.549 0.877 0.426
M 0775 0.631-0.883 <0.0001 363.852  0.786 0.650 0.436
TyG-NHIR  0.779 0.710-0.838 <0.0001 2.081 0.636 0.792 0.429
F 0.785 0.703-0.852 <0.0001 2.045 0.648 0.772 0.420
M 0816 0.678-0.913 <0.0001 2206 0.607 0.950 0.557
METS-IR 0762 0.692-0.823 <0.0001 44.425 0.899 0.520 0.419
F 0747 0.662-0.819 <0.0001 43215 0.958 0.491 0.449
M 0811 0.672-0.909 <0.0001 47.961 0.750 0.800 0.550
TG/HDLc  0.880 0.823-0.924 <0.0001 2.720 0.768 0.909 0.677
F 0.877 0.807-0.929 <0.0001 2.489 0.775 0.930 0.705
M 0.902 0.781-0.969 <0.0001 3.152 0.821 0.950 0.771

AUCA indicate area under the curve, CI confidence interval, F females (N=128), M males (N=48)

prediction performance than TyG alone [25]. However, our
study shows that in the diagnosis of metabolic syndrome,
TyG has a better diagnostic value than its products with
anthropometric indices. The studied group’s characteristics
may also be of some importance, as the mean BMI in the
study mentioned above was lower than in ours, amounting
23.8 +3.1, which may partly explain the differences [25].
Neck circumference was suggested as a new promising
indicator of metabolic syndrome and cardiovascular risk
[21, 22, 27]. ROC curve analysis performed by Laohabut
et al. showed that neck circumference may be a useful tool
for metabolic syndrome prediction [22]. Yang et al. pre-
sented that larger neck circumference is associated with
an increased risk of coronary heart disease [27]. Moreo-
ver, the neck circumference and waist circumference ability
to predict cardiovascular risk and identify the presence of
metabolic syndrome seems similar [28, 29]. Since NC and
TyG appear to be good indicators of insulin resistance and
metabolic syndrome, TyG-NC and TyG-NH(R should poten-
tially be a good representation of the metabolic syndrome
features. As expected, both TyG-NC and TyG-NHI(R reached
the areas under the curve, which makes them useful diag-
nostic tests. TyG-NHtR seems to have a higher diagnostic

@ Springer

value than TyG-NC, however, the application of these two
indicators in practice requires further observations.

TG/HDLc, despite its simplicity, seems to be just as use-
ful, if not better, than some of the proposed indicators based
on combined biochemical and anthropometric measure-
ments. In our study, TG/HDLc achieved the second-largest
ROC-AUC after TyG with high sensitivity and specificity in
the whole study group, and the highest diagnostic accuracy
in the group of obese individuals.

The study also has some limitations that need to be identi-
fied. First, the study was conducted on the Caucasian popu-
lation, so one should carefully conclude on the usefulness
of the investigated indexes in other populations. Moreover,
to create a homogenous group of patients and to identify
indicators useful in the early diagnosis of metabolic syn-
drome, patients taking medications for hyperlipidemia,
impaired glucose tolerance and diabetes were excluded from
the analysis. Therefore, the proposed indicators should be
considered early markers of metabolic syndrome that are
useful in patients prior to treatment. Separate studies are
required to identify the indices useful in the diagnosis of
metabolic syndrome in groups of patients during the treat-
ment of impaired glucose tolerance, diabetes, or hyperlipi-
demia. Furthermore, the cut-off points presented may have
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Fig.4 Receiver operating characteristic curves in the obese group

been affected by unequal gender representation, and gen-
der-specific thresholds should be considered more reliable.
Finally, the reported cut-off points should be considered ten-
tative due to the study group’s insufficient size to consider
the results as reference values for the entire population.

Conclusions

Indirect indices of insulin resistance, such as TG/HDLc,
METS-IR, TyG, and its derivatives, including newly pro-
posed TyG-NC and TyG-NHtR, show an essential diag-
nostic value in the diagnosis of the metabolic syndrome.

00 0,2 04 06 08 1,0
1 - specificity

e ——
00 02 04 06 08 10

1 - specificity

TyG and TG/HDLc seem to be the most useful in the Cau-
casian population, but further research is needed to clarify
the use of individual indicators. TG/HDLc deserves addi-
tional emphasis, as calculated from just two biochemical
parameters is not inferior to other indicators’ diagnostic
value, and its use in everyday medical practice should be
considered.
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