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Abstract

Background The triglyceride-glucose index (TyG index) is a simple surrogate marker for Insulin Resistance (IR). How-
ever, the relationship between the TyG index and Metabolic Syndrome (MetS) remains unknown in the Northern Sri
Lankan population.

Methods This was a descriptive, cross-sectional study of adults aged between 18 and 65 years living in Jaffna, Sri
Lanka. This study aimed to verify the discriminative ability of the TyG index to identify MetS using the International
Diabetes Federation (IDF-2006) criteria and to determine the gender-specific TyG index cut-off values for better
prediction of MetS in Northern Sri Lankan adults. TyG index was calculated as Ln[Triglycerides (TG) (mg/dl) x Fasting
plasma glucose (FPG) (mg/dl)/2].

Results A total of 540 individuals were included in this study, with a mean age of 42.18 (+ 13.89) years for males

and 43.80 (+ 12.56) years for females. The mean value of the TyG index in the total study population was 8.54 (£0.53).
Individuals in the higher quartiles of the TyG index had a significantly increased risk of MetS compared with those

in the lowest quartile (p <0.01). TyG index showed a stronger association with MetS than the FPG and all the conven-
tional lipid components and the unadjusted odds ratio was 5.47. The area under the curve (AUC) of ROC revealed
values of 0.914 (95% confidence interval (Cl): 0.884, 0.944) for females, 0.881 (95% Cl: 0.830, 0.932) for males and 0.897
(95% ClI: 0.870, 0.924) for the total study population. TyG index had a stronger discriminative ability to identify MetS
as per IDF criteria in the study population with a cut-off value of 8.60. The mean level of the TyG index significantly
increased with the increasing number of MetS components.

Conclusions The mean value of the TyG index increased as the number of MetS components in the study popu-
lation increased. Individuals with a higher TyG index had a significantly increased risk of having MetS compared
with the lowest quartile of the TyG index. TyG index had a good discriminative ability to diagnose MetS as per IDF
criteria among the northern Sri Lankan population.
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Background

MetS, characterized by abdominal obesity, hyperglyce-
mia, hypertension, hypertriglyceridemia, and low High-
density lipoprotein cholesterol (HDL-C) has become a
global health issue that exponentially increases the risk
of cardiovascular disease (CVD) [1]. Depending on the
number of components of MetS present, individuals with
MetS have a higher probability of developing type 2 dia-
betes mellitus (T2DM) and/or CVD [1]. MetS is antici-
pated to increase the risk of developing T2DM and CVD
by five and two times, respectively, during the next five to
ten years [2].

The prevalence of MetS varies depending on the defini-
tion of MetS, region, and the demographics of the study
group, such as age, sex, race, and ethnicity [3]. Accord-
ing to estimates from the IDF, globally about one-quar-
ter of people have MetS with an estimated prevalence of
20-25% [4]. The prevalence of MetS in Asia Pacific region
was reported as 11.9-37.1%, 26.1% in South Asia, and
27.1% in Sri Lanka [5, 6]. It is concerning that the preva-
lence of MetS is high and on the rise in both developed
and developing countries [5]. Identifying individuals with
MetS would help to prevent the increasing morbidity and
mortality associated with T2DM and CVD.

IR plays an important role in the pathophysiology of
MetS. Even though hyperinsulinemic-euglycemic clamp
is the gold standard test for the measurement of IR, it
is technically difficult to perform in clinical settings due
to economical, ethical, and practical constraints. Vari-
ous indirect measures of MetS have been suggested. One
such marker, the fasting TyG index, a product of TG and
FPG has been recently proposed as a simple, low-cost,
diagnostic marker to identify MetS [3, 7-11]. The TyG
index has superiority in identifying IR since it incorpo-
rates TG and FPG. However, limited data are available
regarding the TyG index as a marker of IR, CVD, and
MetS, and almost no literature from Sri Lanka.

Although the prevalence of MetS is significantly rising,
awareness and attention given to early detection of MetS
are inadequate in the Sri Lankan context. Even though
a few population-based studies have proposed the TyG
index as an indicator of MetS, no study has examined the
discriminative ability of the TyG index for MetS in the Sri
Lankan population to date. Since the definition of MetS is
ethnic-specific, various populations adopt different MetS
criteria and differ in the range of lipid parameters [1], it
is necessary to validate the TyG index in each population
and determine the cut-off values to be used for the detec-
tion of MetS. The TyG index, calculated from low-cost
measurements of TG and FPG, is applicable for diagnos-
ing and screening MetS in clinical and population-based
studies. Therefore, this study was intended to evaluate
the performance of the TyG index to identify MetS using
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IDF criteria and to determine the TyG index cut-off point
for the diagnosis of MetS among adults of the northern
Sri Lankan population.

Methods

Study population

This cross-sectional study was carried out between
June 2013 to August 2013 with a total of 540 commu-
nity-dwelling adults (165 males and 375 females) aged
between 18 and 65 years. Participants were selected by
random cluster sampling from four distinct areas of the
Jaftna peninsula. All subjects voluntarily participated in
the study. Written informed consent was obtained from
all the participants of the study and the ethical clearance
was obtained from Regional Directorate of Health Ser-
vices, Jaffna, Sri Lanka.

Data collection

Sociodemographic assessment

A health examination was performed, and a proper medi-
cal history was taken by a medical professional. Relevant
data such as demographic factors, socio-economic fac-
tors, family history, and other ascertained risk factors and
medical information was collected using an interviewer-
administrated structured questionnaire which was pre-
pared by the investigators of this study.

Anthropometric assessment and blood pressure
measurement

Anthropometric measurements and blood pressure were
recorded using standard protocols in all the participants
by trained medical personnel. Body weight was measured
with light clothing without shoes by using a calibrated
balance beam scale, and height was measured while
standing upright and looking straight ahead by using a
calibrated stadiometer. Waist circumference (WC) was
taken by positioning the non-elastic measuring tape mid-
way between the lower rib margin and the iliac crest, at
the end of a normal expiration [3].

Blood pressure was taken while the subject was sitting
and rested for at least 5 min. The measurement was taken
using the supported right arm at the heart level, using
a mercury sphygmomanometer. The mean value of two
readings taken ten minutes apart was recorded. In the
event of variation of over 20 mmHg between readings,
a third reading was done and the mean of the last two
readings was used.

Biochemical assessment

Blood samples were collected by experienced nursing
staff after an overnight fasting in the morning. Periph-
eral venous blood samples were collected in EDTA-
containing tubes and plain serum tubes and stored in an
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ice box at a temperature of 2—8 °C and the samples were
delivered to the laboratory within 2 h after blood collec-
tion. FPG, HDL-C, Total cholesterol (TC), and TG were
analyzed by the enzymatic colorimetric assay (Erba fully
automated analyzer). Low-density lipoprotein choles-
terol (LDL — C) level was determined using the Freidwald
formula as follows: LDL—-C (mg/dl)=TC (mg/dl)—
(HDL —-C (mg/dl)+ (TG (mg/dl)/ 5)) [12]. TyG index, a
product of TG and FPG was calculated as Ln[TG (mg/
dl) X FPG (mg/dl)/2] for the study population [7]. Body
mass index (BMI) was calculated as weight in kilograms
divided by height in meters squared (kg/m?).

Definition of MetS

The IDF criteria of MetS requires central obesity
(WC>80 cm for South Asian women and>90 c¢m for
South Asian men) as mandatory and at least two of the
following components: (1) TG>150 mg/dl or treat-
ment for hypertriglyceridemia, (2)HDL-C <50 mg/dl for
women and <40 mg/dl for men, or receiving drug treat-
ment for low HDL-C (3)FPG>100 mg/dl or previously
diagnosed diabetes, (4)Systolic blood pressure (SBP)/
Diastolic blood pressure (DBP)>130/85 mmHg or
receiving drug treatment for previously diagnosed hyper-
tension [4].

Statistical analysis

All data were double-entered and cross-checked for con-
sistency. The data was cleaned by checking outliers and
missing values. Statistical analyses were performed using
SPSS statistical software (version 26.0). All statistical
tests were two-tailed and were considered significant for
p<0.05. A descriptive analysis of the basic characteristics
was performed. Normality was checked for continuous
variables using Kolmogorov- Smirnov test. Continuous
variables were described as mean and standard deviation
(SD). Baseline variables were compared using the inde-
pendent sample T-test, while categorical variables were
compared using the chi-square test among both genders,
IDF-defined MetS, and non-MetS groups.

Pearson correlation analysis was used to correlate
the TyG index with BMI and WC. Univariate logistic
regression analyses were used to evaluate the associa-
tion between the TyG index and all its components. All
the participants were categorized into four age groups
(18-29, 30-41, 42-53, and 54—65). The total participants
were further classified into four groups according to the
TyG index quartiles (<8.1501, 8.1502 to 8.5119, 8.5120
to 8.9307,>8.9308) and all the MetS components were
compared across the quartiles. The odds ratio (OR) along
with its 95% CI of MetS were estimated for the higher
three quartiles of the TyG index with the lowest one as a
reference.
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Receiver operating characteristic (ROC) curve analy-
sis was performed with the presence or absence of MetS
as per IDF-defined criteria to compare the AUC of TG
and FPG with the TyG index and to determine the dis-
criminatory power of the TyG index to identify MetS. An
AUC>0.7 was considered adequate for predicting with
acceptable accuracy [3]. Plots of sensitivity (True posi-
tive fraction) versus 1 minus specificity (False positive
fraction) were constructed for the male, female, and total
study population. The cut-off values of the TyG index
for MetS as per IDF criteria were established using the
Youden index.

Results

The baseline characteristics of the study population are
summarized in Table 1. A total of 540 participants were
enrolled in this study of which 175 (32.40%) were males
and 365 (67.59%) were females. The mean age (+SD) of
the males and females were 42.18 (+13.89) years and
43.80 (+12.56) years respectively with the age range of 18
to 65 years. Age, SBP, DBP, and TG were not significantly
different among males and females. However, a signifi-
cant difference in BMI, WC, FPG, TC, HDL-C, LDL-C,
and TyG index was observed. In comparison with males,
females had significantly higher BMI, WC, TC, HDL-C,
and LDL-C (p<0.05) while had lower FPG and the TyG
index (p <0.05).

Overall unadjusted prevalence of MetS as per defined
IDF criteria in the total study population, males and
females were 37.78%, 10.56%, and 27.22% respectively.
Females had a significantly higher prevalence than males
(p<0.001) (Table 1). The mean value of the TyG index in
the total study population was 8.54 (+0.53). TyG index
followed a normal distribution in our study population

Table 1 Baseline characteristics of the study population

Male Female P-value

Participant Number (%) 175 (32.40%) 365 (67.59%)

Age (Years) 42.18+13.89 43.80+12.56 0.193
BMI (kg/m?) 22.08+4.09 24124532 0.000"
WC (cm) 9124+9.11 9331+10.24 0.023"
SBP (mmHg) 12268+13.12 1241041472 0277
DBP (mmHg) 7839+883 79.51+866 0.163
FPG (mmol/L) 535+1.30 510+1.26 0.032"
TG (mmol/L) 1444061 1384065 0.388
TC (mmol/L) 509+1.00 530+0.93 0016
HDL-C (mmol/L) 120+0.26 130£026 0.000™
LDL-C (mmol/L) 299+0.77 3174074 0.010"
TyG index 861+048 850+0.55 0.025"
MetS (%) 10.56% 27.22% 0.000"

* Statistically significant difference between male and female participants
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that is advantageous for straightforward interpretation
and statistical analysis.

Differences between various anthropometric, and
biochemical measures and blood pressure among par-
ticipants with and without MetS as per IDF criteria are
given in Table 2. According to the IDF MetS diagnostic
criteria, the TyG index was significantly higher among
participants with MetS 8.98 (+0.38) than Non-MetS
8.27 (+£0.41) (p=0.000). In the regression analysis, indi-
viduals with a high TyG index had an increased occur-
rence of MetS diagnosed by the IDF criteria. As shown
in Table 2, MetS participants were more likely to have
higher BMI, WC, SBP, DBP, FPG, TG, TC, LDL-C, and
TyG index (p=0.000), but lower HDL-C (p=0.000).
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MetS individuals tended to be older than Non-MetS
group (p=0.000).

Among the MetS components, abdominal obesity
was common (76.48%) among both males and females.
Females had a significantly higher risk of having abdomi-
nal obesity compared to males (p=0.000). Males were
more likely than females to have hyperglycemia. Low lev-
els of HDL-C were more prevalent in females than males.
However, there was no significant difference in hyper-
tension, or hypertriglyceridemia between males and
females (Fig. 1). Age-based grouping of the participants
with MetS revealed that the TyG index value did not
substantially change with age (Fig. 2). TyG index gradu-
ally increased among the participants with MetS over the

Table 2 Baseline characteristics between the metabolic syndrome (MetS) and non-metabolic syndrome (Non-MetS) groups among

both genders

Male Female

Non-MetS MetS P-value Non-MetS MetS P-value
Participant Number (%) 118(67.43%) 57(32.57%) 218(59.73%) 147(40.27%)
Age (Years) 4053+14.19 456141271 0.000" 40.73+12.83 4835+1067 0.000™
BMI (kg/m?) 20514342 25334343 0.000" 22.56+5.08 26434481 0.000"
WC (cm) 87.67+7.86 9862+6.81 0.000™ 90.71+10.20 97.14+9.06 0.000™
SBP (mmHg) 11860+11.72 1311241182 0.000™ 11896+12.82 131.73+1407 0.000™
DBP (mmHag) 75.70+8.02 83.95+7.83 0.000” 76.53+7.52 83.93+834 0.000”
FPG (mmol/L) 523+1.11 561+160 0.000™ 469+0.85 572+149 0.000™
TG (mmol/L) 1174046 1984053 0.000” 1.05+039 1.89+0.63 0.000”
TC (mmol/L) 498+096 540+1.02 0.000™ 516+091 552+0.93 0.000™
HDL-C (mmol/L) 1274025 1054022 0.000" 1364024 1204026 0.000"
LDL-C (mmol/L) 2844073 3314075 0.000™ 3.03+0.73 3.38+0.71 0.000™
TyG index 8414041 902+032 0.000" 8.19+0.39 897041 0.000"

" Statistically significant difference between participants with metabolic syndrome and participants without metabolic syndrome
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Fig. 1 Components of metabolic syndrome in the study population
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Fig. 2 Mean triglyceride- glucose index values between male and females of different age groups with metabolic syndrome; age group 1: 18-23,

age group 2: 30-41, age group 3:42-53 and age group 4: 54-65

first three age groups, with a little lower value obtained
for the age group of 54—65 years. In contrast, those with
Non-MetS exhibited a steady increase in the TyG index
with ageing (Figs. 3a and 3b).

As shown in Table 3 and Fig. 4, participants belonging
to higher TyG index quartiles had significantly higher
BMI, WC, SBP, DBP, FPG, TG, TC, and LDL-C than the
participants in the lower TyG index quartiles (p=0.000)
but had lower HDL-C (p=0.000). Table 4 gives the per-
centiles of the TyG index, indicating that the value of the
50th percentile of the TyG index in the MetS group of

IDF_MS

mo
DU

Mean TyG_index

Age_Group

a

males agreed with the value of the 95th percentile in the
Non-MetS group of males while the 25th percentile of
the TyG index in the MetS group of females agreed with
the value of 90th percentile in the Non-MetS group of
females. In addition, the Pearson correlation analysis of
TyG index showed a weak positive linear correlation with
anthropometric measures such as BMI and WC (Figs. 5
and 6).

The results of binary logistic regression analysis using
the dichotomous variable ‘MetS (0=absent, 1=pre-
sent) as the dependent variable showed a significant

IDF_MS
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%

Mean TyG_index
o
3

Age_Group

b

Fig. 3 a Mean triglyceride- glucose index values of males'participants with and without metabolic syndrome among different age groups; age
group 1: 18-23, age group 2: 30-41, age group 3: 42-53 and age group 4: 54-65. b Mean triglyceride- glucose index values of females’ participants
with and without metabolic syndrome among different age groups; age group 1: 18-23, age group 2: 30-41, age group 3: 42-53 and age group 4:

54-65
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Table 3 Baseline characteristics in the triglyceride-glucose index quartiles among the study population

Q1 Q2 Q3 Q4 P-value
Participant number 135 135 135 135
Age (Years) 37.04+£12.63 4333+1244 4519+13.84 47.55+10.71 0.000"
BMI (kg/m?) 2126+436 22504475 2464+526 2544+469 0.000"
WC (cm) 8845+8.64 91.08+9.70 94.65+10.46 96.39+9.93 0.000"
SBP (mmHg) 11643+11.14 122.00+12.61 125.87+14.90 130.27+14.30 0.000"
DBP (mmHg) 75694697 77.73+8.46 80.56+9.18 82.59+857 0.000"
FPG (mmol/L) 450+0.69 4.79+0.88 5.34+0.96 6.11+1.68 0.000”
TG (mmol/L) 0.76+0.18 1134025 1.50+032 2224052 0.000”
TC (mmol/L) 4.76+0.78 525+0.92 532+0.95 5.59+1.00 0.000™
HDL-C (mmol/L) 134+0.23 134+0.28 1244025 1154025 0.000"
LDL-C (mmol/L) 2.75+0.65 311+£0.72 321+0.71 3.37+0.78 0.000™

Q7 Quartile 1, Q2 Quartile 2, Q3 Quartile 3 and Q4 Quartile 4
" Statistically significant difference across Triglyceride- glucose index quartiles

association between other independent variables such
as TyG index, lipid profile, FPG, BMI, WC, SBP, and
DBP (p=0.000). In addition, the odds ratio (OR) for
MetS increased significantly with increasing levels of
the TyG index. Individuals with higher TyG index had
a significantly increased risk of MetS compared with
the reference group with ORs of 3.00, 10.33, and 19.67
respectively (p=0.000) (Table 5).

The analysis of the ROC curve showed that the TyG
index had a stronger discriminative ability to iden-
tify MetS in females compared with males. The AUC
of ROC with TyG index revealed values of 0.914 (CI:
0.884, 0.944) for females, 0.881 (CI: 0.830, 0.932) for
males, and 0.897 (CI: 0.870, 0.924) for the total study
population, which indicates TyG index has moderate
to high accuracy for MetS screening (Figs. 7a & 7b).

Percentage
N
o

Q

As shown in Fig. 8, the mean value of the TyG index
increased as the number of MetS components in the
study population increased (p =0.000).

As shown in Table 6 and Fig. 9, the TyG index can
serve as a more accurate marker for the diagnosis of
MetS because it had the largest AUC in comparison to
FPG (0.689, 95% CI: 0.642, 0.736) and TG (0.874, 95%
CI: 0.844, 0.904). Although ROC curve analysis revealed
different TyG index cut-off values for males and females
(8.76 vs 8.48), cut-off values were not significantly differ-
ent than that of the total study population (8.60).

Discussion

In this observational study, our findings indicated that
individuals with a higher TyG index tended to have
a higher risk of MetS. The TyG index, calculated as

30
20
: hih
- A= OB
1 Q2 Q3 Q4

Components of Metabolic syndrome

B Abdominal Obesity B Hyperglycemia

Hypertriglyceridemia

Low HDL-C W Hypertension

Fig. 4 Metabolic syndrome components across triglyceride-glucose index quartiles
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Table 4 Distribution of the triglyceride-glucose index by gender
Percentiles of the triglyceride-glucose index
10th 20th 25th 30th 40th 50th 60th 70th 75th 80th 90th 95th
Non-MetS
Both 7.75 791 799 8.06 8.16 8.25 836 8.49 855 8.61 8.81 8.93
Male 791 8.04 8.13 8.15 8.26 841 8.51 8.67 8.71 8.78 893 9.06
Female 7.72 7.84 7.91 8.00 8.09 8.20 829 838 843 8.50 8.69 8383
MetS
Both 849 8.67 8.74 8.79 8.92 9.02 9.11 9.20 9.25 9.30 945 9.58
Male 8.61 8.76 8.81 8.85 8.93 9.05 9.07 9.20 9.27 9.29 9.44 9.51
Female 843 8.62 8.71 8.75 891 9.01 9.11 9.20 9.24 9.32 948 961
Gender: Male Gender: Female
10.00 10.00
4 ° ° ° LY °
° L Y ° '.': : o® .
o
:-'-' TS ® t’:\: *’ %
0® ' [ ] .g‘.‘ L)
0® o ¥ o0 . 9.00 ° o qo¥ 00’ %@
§ e .o"t.." ‘}'o . ° é ¢ o ....~ & =4 °
E so‘... o Q'. Y ° H R e o ‘\o .8‘ . %
! ° ?0’ ° ° ' . .VQ‘ & °
g o ° ..:?. f‘.l.. g :.“."“ ,‘:.é ..\..
° g P %0 ° skk “ N &. ° Py ° - kk
8.00 5 ::;“:..’. 1_0.452 8.00 ’...o .J" ':;‘. o ® _0.361
e % '\' : "‘.. o °°
.. .. ° 5 ° ° ° °
.0 L] ' 4
0 7.00 =
10.0000 15.0000 20.0000 25.0000 30.0000 35.0000 40.0000 10.0000 20.0000 30.0000 40.0000 50.0000
BMI BMI

a b

Fig. 5 Scatter plot showing significant correlation of triglyceride-glucose index (TyG index) with Body Mass Index (BMI)
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Fig. 6 Scatter plot showing significant correlation of Triglyceride-glucose index (TyG index) with Waist Circumference (WC)
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Table 5 Odds ratios (95% confidence interval) of metabolic syndrome according to lipid components and risk factors
Unadjusted odds ratio 95% Confidence interval P-value

BMI 1226 1171-1.284 0.000"
WC 1.097 1073 -1.121 0.000"
SBP 1079 1.061 -1.097 0.000”
DBP 1.130 1.100 - 1.160 0.000"
FPG 1.796 1505 - 2.145 0.000"
TG 2735 2.285-3273 0.000”
TC 1574 1301 - 1.905 0.000"
HDL-C 0.054 0.024-0.119 0.000"
LDL-C 2,084 1623 - 2676 0.000"
TyG index 5470 4102 -7.294 0.000"
TyG index quartiles

<8.1501 1.000 (Reference)

815021085119 3.000 1.191 7558 0014

85120 t0 8.9307 10333 4470 - 23.887 0.000™

>89308 19.667 8.660 —44.664 0.000"

" Statistically significant association between the selected parameters and the metabolic syndrome

Ln[TG (mg/dl) X FPG (mg/dl)/2], was constructed as
a marker of IR and has been proven to be significantly
correlated with HOMA-IR [3, 7, 8, 13]. An association
between the TyG index and MetS has been shown in
a few studies so far [3, 7, 13, 14]. Early diagnosis and
timely intervention of MetS are necessary to reduce
the incidence of T2DM and CVD. IR, which is the key
underlying factor is technically difficult to measure
in general practice or during large population-based
studies. Therefore, validating a surrogate marker of

ROC Curve

Sensitivity

0.0 0.2 0.4 0.6 0.8

1 - Specificity

MetS like the TyG index in our population is extremely
beneficial.

The present study used the definition proposed by the
IDF to define MetS. IDF definition uses ethnic-specific
criteria for WC, including distinct cut-off points for the
South Asian population. The application of other MetS
definitions such as NCEP-ATP III in Asian populations
results in a lower prevalence of MetS, which is incom-
patible with the actual higher prevalence of T2DM
and CVDs [6]. This is mainly due to unspecified WC

Source of the Curve

=== Triglyceride

= == [Fasting Plasma Glucose
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1.0

Fig. 7 The discriminatory power of the triglyceride-glucose index (TyG index) for metabolic syndrome by receiver operating characteristics (ROC)

curve
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Fig. 8 The discriminatory power of the Triglyceride-glucose (TyG index) for Metabolic syndrome by receiver operating characteristics (ROC) curve

and precision-recall curve (PRC) in both gender

Table 6 The area under the receiver operating characteristic
curve and the cut-off values of the TG, FPG, and TyG index for
identifying metabolic syndrome

Variable AUC (95% Cut-off Sensitivity  Specificity %
Cl) value %
TG 0874 (0.844, 134 80.40 7740
0.904)
FPG 0.689 (0.642, 5.03 67.20 61.60
0.736)
TyG index:
Both 0.897(0.870,  8.60 84.30 81.10
0.924)
Male 0.881(0.830, 876 80.70 79.70
0.932)
Female 0914(0.884, 848 89.10 79.98
0.944)

cut-off values for the non-Europid population proposed
by NCEP-ATP III. Evidence has shown that the WHO
definition of MetS, in which IR plays a central role, is bet-
ter predicted than the NCEP-ATP III who are at high risk
of getting CVD [15].

Nearly one-fourth of individuals worldwide, according
to estimates from the IDF, have MetS [1]. In most nations,
the prevalence of MetS is rising in tandem with the twin
global epidemics of T2DM and obesity. Previous studies
have estimated a MetS prevalence of 24.3% among adults
in Sri Lanka [6]. Central obesity, as measured by WC is
one of the major determinants of MetS [16]. Our analy-
sis showed that the increase in BMI and WC accounted
for much of the increase in the prevalence of the MetS in

females than males (Table 1 and Fig. 3). The risk of being
centrally obese was higher in females than males. Pear-
son correlation analyses showed a positive correlation
between the TyG index with obesity indicative anthropo-
metric indices such as WC and BMI. A higher prevalence
of MetS in females may be partly attributed to the use of
lower WC cut-off values to determine abdominal obesity
to define MetS as per defined IDF criteria.

MetS individuals tended to be older than Non-MetS
group. It should come as no surprise that the MetS
increases in frequency with each decade of life, paral-
leling age-related increases in obesity and, particularly,
central adiposity. Studies revealed that the prevalence
of MetS continued to rise with age into the sixth decade,
with women’s prevalence eventually overtaking men’s
after they turned 60 years of age [6]. These patterns imply
that the prevalence of MetS is influenced by both age and
sex. Despite the fact that ageing affects MetS, TyG index
was not significantly different among people with MetS
across different age groups.

Early diagnosis of MetS is essential to prevent its long-
term consequences such as T2DM and CVD. In this
study, we determined the discriminative ability of the
TyG index to identify MetS and calculated the gender-
specific cut-off values of the TyG index (8.48 in females,
8.76 in males, and 8.60 in the total study population)
which are in par with the previously published studies
[3, 13]. Sex stratification may be viewed as unnecessary
because cut-off values of the TyG index for differentiat-
ing MetS in males and females observed in this study
(8.76 and 8.48) did not substantially differ from those of
the total study population (8.60), which is important for
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Fig. 9 Triglyceride-glucose index (TyG index) as related to the number of components of metabolic syndrome in the overall study population

its usage in routine clinical practice. In this sense, the
TyG index of 8.60 derived without sex stratification can
be used as the cut-off value with the maximum sensitiv-
ity and specificity to distinguish MetS. Despite different
MetS definitions used, previous studies conducted in dif-
ferent parts of the world have reported the approximately
same cut-off values for the TyG index to discriminate
MetS in their population [7, 17]

In this study, the AUC of the TyG index was 0.897 for
the total population, which confirmed that the TyG index
had a good discriminative ability to be used as a sensi-
tive marker to identify MetS. In line with our results,
previous studies conducted with different MetS defini-
tions showed that the TyG index was a better marker of
MetS than FPG, TG, small dense LDL-C, non-HDL-C,
and HOMA- IR, and similar AUC values were obtained
for ROC curve analysis. The TyG index has significant
advantages over other IR markers, such as HOMA-IR,
which are more complex and resource-intensive to meas-
ure. HOMA-IR requires fasting insulin levels, which are
not commonly available in low-resource settings, making
it less practical for widespread use. In contrast, the TyG
index relies on readily available tests, making it a more
accessible and feasible option.

A simple marker like TyG index makes screening effi-
cient and cost-effective, especially in resource-limited
primary healthcare settings in Sri Lanka. The TyG index
is a valuable tool for primary care physicians, enabling
early and accurate identification of MetS. With an AUC
of 0.897, it has a strong discriminative ability, supporting
its use as a sensitive marker for MetS. A TyG index cut-
off of 8.60 can be used universally, providing a consistent

and reliable threshold for MetS diagnosis without the
need for gender-specific values. Its correlation with BMI
and WC allows physicians to monitor and address central
obesity, a key determinant of MetS. Its simplicity, cost-
effectiveness, and strong predictive ability make it ideal
for routine use in diverse clinical settings, improving the
management and outcomes of patients at risk for MetS,
T2DM, and CVD.

Different definitions of MetS may prioritize certain
components over others. The NCEP-ATP III definition is
widely used criteria of MetS and incorporates the key fea-
tures of hyperglycemia/IR, central obesity, dyslipidemia
and hypertension. In contrast, the IDF criteria for MetS
utilizes population-specific cut-offs for defining obesity,
whereas the NCEP-ATP III definition does not rely on
such cut-offs. Additionally, the World Health Organiza-
tion definition requires an absolute requirement for IR,
which can manifest as impaired FPG, impaired glucose
tolerance, or HOMA-IR. Despite discrepancies between
these definitions, a recent systematic review and meta-
analysis demonstrated that the TyG index maintains its
discriminative ability across different definitions of MetS.
The summary receiver-operating characteristics (SROC)
curves for various MetS definitions exhibited an AUC of
0.87 (95 CI: 0.84,0.90), indicating that the TyG index is
a sensitive marker for diagnosing MetS across different
countries and using different definitions [7]. This suggests
that the TyG index remains a valuable tool for identifying
MetS regardless of the specific criteria employed, high-
lighting its robustness and versatility in clinical practice.

Recent studies revealed the TyG index as a cru-
cial marker for cardiovascular risk assessment. Its
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significance extends particularly to patients with T2DM
and CVD, including conditions like stable coronary
artery disease (CAD) and acute coronary syndrome.
Importantly, studies have highlighted its predictive abil-
ity of the onset of atherosclerosis, myocardial infarction,
and CAD, showcasing its relevance in the diabetic and
the general population. Moreover, investigations have
demonstrated strong associations between higher TyG
index levels and increased risks of heart failure, stroke,
and atrial fibrillation, underscoring its multifaceted role
in cardiovascular health. Notably, patients with elevated
TyG index levels not only face increased risks of these
cardiovascular events but also encounter worse progno-
ses, marked by higher rates of adverse outcomes, includ-
ing mortality. This underscores the significance of the
TyG index in both risk assessment and prognostic evalua-
tion across various cardiovascular conditions. Moreover,
its simplicity as a marker of IR enhances its usefulness in
risk stratification and the development of tailored man-
agement strategies for CVDs [18-23].

Strengths and limitations of the study

A few of the benefits of our study are worth highlight-
ing. At first, this is the only study conducted in the adult
population in Sri Lanka that proves the superior dis-
criminative ability of the TyG index for MetS over all
the biochemical components of MetS. When FPG and
TG combined to create a composite of the TyG index
for MetS, that would eliminate the need for inconsist-
ent evaluation of various lipid components and make
the MetS diagnostic process simpler. Additionally, the
results showed the highest association between the TyG
index and MetS, as well as the improved predictive ability
of the TyG index over FPG and traditional lipids, which
were steady and dependable due to high statistical power.
Strict quality controls were used in the execution of all
data collection and laboratory analysis. The relatively
large sample size and the comprehensive analysis of the
variables were additional strengths of our study.

As regards the limitations of this study, by comparing
the proposed definitions to IR, which is best assessed
using the hyperinsulinemic-euglycemic clamp technique
or HOMA-IR, the current study may have been made
better. To confirm TyG index cut-offs to define MetS,
more representative data from different ethnic groups of
Sri Lankans with a much larger sample size could have
been used. Our study was a cross-sectional study where
we could not establish a causal relationship. Further lon-
gitudinal studies are suggested on the predictive abil-
ity of the TyG index for IR and MetS in the Sri Lankan
population.
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Despite the limitations we described, we hope this
study is still clinically relevant because it offers a rela-
tively straightforward mathematical marker for clini-
cal usage that is not only affordable but also practical
in primary healthcare settings with limited laboratory
resources. In addition, a simple sensitive marker like the
TyG index can be utilized to replace the varying MetS
definitions and MetS defining criteria that create diag-
nostic confusion and complicate otherwise simple situa-
tions in primary healthcare settings and epidemiological
studies. It is commonly recognized that different classifi-
cations utilize different criteria, composition (age groups,
gender, WC cut-offs, and ethnicity), degree of urbani-
zation, lifestyle, and other socio-cultural factors which
causes the prevalence of MetS to vary. Hence, it’s difficult
to make a meaningful comparison of prevalence across
countries. However, the TyG index can be used to gener-
alize the outcomes of prevalence studies.

Conclusions

This study evaluated the discriminative ability of the
TyG index as a predictor of MetS and revealed a signifi-
cant positive association between the TyG index and
the risk of MetS. TyG index had a good discriminative
ability to identify MetS with the AUC of the ROC curve
of 0.897 (0.870, 0.924) and the optimal cut-off value of
the TyG index for detecting MetS as per defined IDF
criteria in Sri Lankan adults was 8.60 for the total study
population, with a sensitivity of 84.30% and specificity
of 81.10%. Age and sex stratification are deemed unnec-
essary. These research findings can be utilized to reduce
the cost of MetS screening in primary healthcare set-
tings and population-based studies in resource-poor
countries to improve early prediction and identification
of individuals with MetS.
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