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Objectives: This study aimed to verify the performance of the triglyceride-glucose (TyG) index in predicting
metabolic syndrome (MetS) using three different criteria in healthy individuals living in rural areas. In addi-
tion, it aimed to estimate the TyG index cutoff point in the prediction of MetS.
Methods: The study was a cross-sectional study of healthy individuals (aged �18 y) living in rural areas of
southern Brazil. Individuals with diabetes mellitus were excluded. The variables investigated were waist cir-
cumference, blood pressure, triglycerides, high-density lipoprotein cholesterol, fasting glucose, and TyG
index. MetS was defined using three criteria: harmonized, International Diabetes Foundation, and National
Cholesterol Education Program Adult Treatment Panel III. The Poisson regression model was used for the
multivariate analysis. The performance of the TyG index in identifying MetS was determined by receiver
operating characteristic curves.
Results: A total of 133 individuals were included in this study, with a mean age of 49.0 § 13.5 y; 54.1% were
female. The TyG index performed better in predicting MetS through the harmonized criteria, with area under
the curve (AUC) = 0.889 (95% confidence interval [CI], 0.829�0.949), followed by the International Diabetes
Foundation criteria, with AUC = 0.877 (95% CI, 0.814�0.940), and the National Cholesterol Education Program
criteria, with AUC = 0.867 (95% CI, 0.797�0.937). The TyG index cutoff points defined for the harmonized and
International Diabetes Foundation criteria were � 8.61, and � 8.79 for the National Cholesterol Education
Program Adult Treatment Panel III.
Conclusions: The TyG index proved to be valid for diagnosing MetS. The largest AUC of the TyG index was
identified for the harmonized criteria. Thus, the TyG index can be used to diagnose MetS in individuals living
in rural areas.

© 2023 Elsevier Inc. All rights reserved. TaggedEnd
TaggedEndTaggedPKeywords:

Metabolic syndrome
Insulin resistance
Triglyceride-glucose index
Health
Rural
Rural population
Farmers TaggedEnd
lho Nacional de Desenvolvimento
e Aperfeiçoamento de Pessoal de
).

. Couto).

.

TaggedH1Introduction TaggedEnd

TaggedPMetabolic syndrome (MetS) is defined by a set of related physi-
ological, biochemical, clinical, and metabolic factors that increase
the risk for cardiovascular disease, diabetes mellitus, and other
causes of mortality [1,2]. The prevalence of MetS varies according
to sex, age, race and ethnicity, and geographic region as well as the
influence of the urban or rural environment. The worldwide
prevalence is estimated to range from <10% to 84% [3]. In Brazil,
the prevalence of MetS in adults was estimated at 33% [4]. TaggedEnd

TaggedPAging is the major contributing factor for the metabolism
decline and a strong risk factor for high blood pressure, cardiovas-
cular disease, stroke, cancer, and diabetes. The components of risk
factors that define MetS include central obesity, hyperglycemia,
hypertension, low levels of high-density lipoprotein cholesterol
(HDL-C), and circulating hypertriglyceridemia [5�7].TaggedEnd

TaggedPInsulin resistance is the main cause of MetS. The hyperinsuline-
mic-euglycemic clamp is the gold standard technique for assessing
insulin sensitivity in humans. However, it requires sophisticated
and invasive methods that are not available for use in daily clinical
practice. Considering these difficulties, other useful markers to
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assess insulin resistance have been proposed, such as the assess-
ment of the homeostatic model of insulin resistance, which is low
cost, simple, and requires only the measurement of blood glucose
and insulinemia after fasting for 8 to 12 h [8,9]. TaggedEnd

TaggedPSimental-Mendía et al. [10] developed and validated an index
obtained through the product of fasting glucose and plasma trigly-
cerides (TyG index). The same authors found that TyG can be used
as a surrogate marker to identify insulin resistance, with good sen-
sitivity and specificity in apparently healthy individuals. Du et al.
[11] directly compared the TyG index with other lipid and apolipo-
protein measures—lipid ratios and lipid indices (visceral adiposity
index and lipid accumulation product)—to measure the efficiency
in detecting insulin resistance; the TyG index proved the most effi-
cient marker for early identification of insulin resistance. TyG is a
simple index, reflecting insulin resistance and has also been a good
predictor for screening MetS [12�14].TaggedEnd

TaggedPThe TyG index has been validated across different populations,
many of them from urban areas [13,15,16]. However, populations
living in rural areas, compared with urban areas, have a greater
number of health-related issues, seek less medical assistance, and
undergo fewer routine examinations—mainly due to transport lim-
itations, distance from social and health resources, low income,
and chronic health problems [17�19].There are few data evaluat-
ing MetS in individuals from rural areas [20,21]. As far as we know,
the use of the TyG index to diagnose MetS in Brazilian rural areas,
without a diagnosis of diabetes, has not been studied. The identifi-
cation of a low-cost alternative index, which presents simplicity,
speed, and functionality to diagnose effectively, is essential for the
screening of metabolic disorders, especially those assisted in pri-
mary health care [22].TaggedEnd

TaggedPTherefore, the objectives of the present study are 1) to verify
the performance of the TyG index to predict MetS by using differ-
ent criteria in individuals without diabetes mellitus and living in
rural areas and 2) to estimate the TyG index cut-off point in pre-
dicting MetS. TaggedEnd

TaggedH1Methods TaggedEnd

TaggedH2Study design and subjects TaggedEnd

TaggedPThis is a cross-sectional study performed with data from the
database, Screening of Risk Factors Related to Overweight in Agri-
business Workers Using New Analytical and Health Information
Technologies � PHASE III, from the University of Santa Cruz do Sul,
Brazil. A total of 141 individuals, aged >18 y, were recruited using
convenience sampling, living in rural areas of five cities in the
countryside of the state of Rio Grande do Sul, Brazil (Encruzilhada
do Sul, Rio Pardo, Candel�aria, Passo do Sobrado, and Vale Verde).
All participants were owners of small agribusinesses or rural prop-
erties workers. Only individuals who presented complete data for
the diagnosis of MetS and the determination of the TyG index were
included. Individuals with a previous diagnosis of diabetes mellitus
or using medication to treat this condition were excluded. Data
were collected between April 2018 and November 2019. TaggedEnd

TaggedPThis study was part of the project, Screening of Risk Factors
Related to Overweight in Agribusiness Workers Using New Analyt-
ical and Health Information Technologies � PHASE III, and
approved by the Institutional Review Boards of the University of
Santa Cruz do Sul and Pontifical Catholic University of Rio Grande
do Sul (CAAE: 78889317.1.0000.5343). All participants were fully
informed about the procedures and possible risks involved before
providing written and informed consent. TaggedEnd

TaggedPThe sample size was estimated with the WinPEPI (Programs for
Epidemiologists for Windows) version 11.43 and based on the
studies by Shin and Kim [12], Unger et al. [15], and Li et al. [16],
with an estimated prevalence of MetS in 25%. The standardized
effect size was estimated to detect differences in the TyG index
between individuals with and without MetS. In previous reference
studies, effect sizes were reported from 0.8 to 1.5 SDs. Thus, the
minimum value for the effects found was used (0.8). Considering a
significance level of P = 0.05, a power of 90%, and a sample ratio of
1:3; 64 subjects (16 cases and 48 controls) should be recruited. TaggedEnd

TaggedH2Sociodemographic, anthropometric, and lifestyle assessments TaggedEnd

TaggedPSociodemographic and lifestyle variables were collected with a
general questionnaire, including sex, age, education, marital status,
smoking, and alcohol consumption. Weight (in kilograms) was
measured using a Welmy anthropometric scale (Santa B�arbara
d’Oeste, Brazil), with the individuals barefoot and wearing light
clothing. Height (in meters) was measured using a stadiometer
attached to the scale, with the individuals barefoot; standing with
their backs, buttocks, and backs of their knees against the stadiom-
eter; heels together and toes apart; and observing the Frankfurt
plane. Waist circumference (minimum size between the lowest rib
and the iliac crest) was determined with a flexible and inelastic
measuring tape made by Cardiomed (Curitiba, Brazil). TaggedEnd

TaggedPThe body mass index was classified as underweight (<18.5 kg/
m2), normal weight (18.5�24.9 kg/m2), overweight (25�29.9 kg/
m2), or obese (�30 kg/m2) [23].TaggedEnd

TaggedPBlood pressure was preferably measured in the right arm by the
indirect method with the auscultatory technique and using an
aneroid sphygmomanometer (Tycos, North Carolina), properly cal-
ibrated and appropriate cuff for obese patients. The individuals
were seated, at rest for at least 5 min, with an empty bladder. Two
measurements were taken using the mean value (mm Hg). TaggedEnd

TaggedH2Biochemical assessments TaggedEnd

TaggedPVenous blood samples were drawn after a 12-h overnight fast.
Samples were processed and analyzed on the same day at the Exer-
cise Biochemistry Laboratory of the University of Santa Cruz do Sul.
Serum levels of HDL-C, triglycerides, and glucose were measured
by automated equipment (Miura 200; I.S.E., Rome, Italy) with com-
mercially available kits (DiaSys Diagnostic Systems Holzheim, Ger-
many). TaggedEnd

TaggedPThe TyG index was calculated according to the natural loga-
rithm ln (fasting triglycerides [mg/dL] £ fasting glucose [mg/dL]/
2), expressed as a logarithmic scale [9]. TaggedEnd

TaggedH2Diagnosis of the metabolic syndrome TaggedEnd

TaggedPMetS was established according to different diagnostic criteria:
1) harmonized criteria of the American Heart Association/National
Heart, Lung, and Blood Institute (AHA/NHLBI) and International
Diabetes Federation (IDF); 2) IDF [24]; and 3) revised criteria of the
National Cholesterol Education Program Adult Treatment Panel III
(NCEP/ATPIII) [25].TaggedEnd

TaggedH2Statistical analysis TaggedEnd

TaggedPAll analyses were performed using the SPSS version 21.0 (IBM
Corp., Armonk, NY, USA). All variables were tested for normal
distribution using the Kolmogorov-Smirnov test. Continuous var-
iables were described as mean and SD. Categorical variables were
presented in absolute and relative numbers. Regarding MetS,
three diagnostic criteria were performed (harmonized, IDF, and
NCEP/ATPIII) in all analyses. The Student’s t test was used to



TaggedEndA.N. Couto et al. / Nutrition 109 (2023) 111978 3
compare the means of the TyG index and MetS. The Poisson
regression model was used as a multivariate analysis, adjusted
for sex, age, and education (confounding variables associated
with the outcome in the uni- and bivariate analyses), in which
the following receiver operating characteristic variables were
included: MetS (outcome) and TyG index (predictor variable).
The receiver operating characteristic curve was performed to
assess the predictive ability of the TyG index (the test variable)
for MetS (the state variable). An area under the curve (AUC) > 0.7
was considered adequate for predicting with acceptable accuracy
[26]. The cutoff points of the TyG index for the three MetS criteria
were established from the Youden index [27]. Sensitivity, speci-
ficity, positive predictive value, and negative predictive value
were calculated for all MetS criteria. TaggedEnd
TaggedEndTable 1
Sociodemographic, clinical, and lifestyle characteristics of non-diabetic individuals from r

MetS harmon

Variables Total sample n (%) No n (%)

Sex
Female 72 (54.1) 48 (50.0)
Male 61 (45.9) 48 (50.0)

Age group
Adults (18�59 y) 102 (76.7) 73 (76.0)
Older adults (�60 y) 31 (23.3) 23 (24.0)

Marital status
Without a partner 31 (23.3) 23 (24.0)
Married or living with partner 102 (76.7) 73 (76.0)

Education
�4 y 62 (46.6) 38 (39.6)
5�8 y 42 (31.6) 34 (35.4)
>8 y 29 (21.8) 24 (25.0)

Smoking status
Never smoked 96 (72.2) 73 (76.0)
Previous smoker 29 (21.8) 17 (17.7)
Current smoker 8 (6.0) 6 (6.3)

Alcohol consumption
Not using 67 (50.8) 44 (65.7)
Monthly 32 (24.2) 28 (29.5)
Weekly 33 (25.0) 23 (24.2)

BMI*
Normal weight 40 (30.1) 39 (40.6)
Overweight 53 (39.8) 38 (39.6)
Obesity 40 (30.1) 19 (19.8)

Elevated waist circumferencey

No 46 (34.6)z 45 (46.9)
Yes 87 (65.4)z 51 (53.1)

Systemic blood pressurex

Normal 71 (53.4) 67 (69.8)
Elevated 62 (46.6) 29 (30.2)

Fasting glucose levels||

Normal 104 (78.2) 82 (85.4)
Elevated 29 (21.8) 14 (14.6)

HDL-C{

Normal 121 (91.0) 91 (94.8)
Reduced 12 (9.0) 5 (5.2)

Triglycerides#

Normal 101 (75.9) 90 (93.8)
Elevated 32 (24.1) 6 (6.3)

Total sample 133 96 (72.2)

BMI, body mass index; harmonized, criteria of the American Heart Association/National H
IDF, International Diabetes Federation; MetS, metabolic syndrome; NCEP/ATPIII, revised c
*Eutrophy: 18.5�24.9 kg/m2; overweight: 25�29.9 kg/m2; and obesity: �30 kg/m2.
yDefined according to each of the MetS criteria.
zDefined according to harmonized criteria of American Heart Association/National Heart,
xTreatment or �130/85 mm Hg.
||�100 mg/dL.
{Treatment or �150 mg/dL.
#For women, <40 mg/dL; for men, <50 or treatment.
TaggedPStatistical significance was accepted as P < 0.05. This study was
conducted according to the Standards for Reporting of Diagnostic
Accuracy guidelines [28].TaggedEnd
TaggedH1Results TaggedEnd

TaggedPThe final sample consisted of 133 participants (mean
age = 49.0§ 13.5 y, ranging from 18 to 83 y), because eight individ-
uals were diagnosed with diabetes mellitus. TaggedEnd

TaggedPThe sociodemographic, lifestyle, clinical, and MetS characteristics
of the sample are described in Table 1. Most of the sample was com-
posed of adult women who did not have MetS. Most individuals
were married or living with a partner and had low education (lower
ural areas (n = 133)

ized MetS IDF MetS NCEP/ATPIII

Yes n (%) No n (%) Yes n (%) No n (%) Yes n (%)

24 (64.9) 48 (49.5) 24 (66.7) 53 (52.0) 19 (61.3)
13 (35.1) 49 (50.5) 12 (33.3) 49 (48.0) 12 (38.7)

29 (78.4) 74 (76.3) 28 (77.8) 78 (76.5) 24 (77.4)
8 (21.6) 23 (23.7) 8 (22.2) 24 (23.5) 7 (22.6)

8 (21.6) 23 (23.7) 8 (22.2) 24 (23.5) 7 (22.6)
29 (78.4) 74 (76.3) 28 (77.8) 78 (76.5) 24 (77.4)

24 (64.9) 39 (40.2) 23 (63.9) 41 (40.2) 21 (67.7)
8 (21.6) 34 (35.1) 8 (22.2) 37 (36.3) 5 (16.1)
5 (13.5) 24 (24.7) 5 (13.9) 24 (23.5) 5 (16.1)

23 (62.2) 73 (75.3) 23 (63.9) 78 (76.5) 18 (58.1)
12 (32.4) 18 (18.6) 4 (11.1) 18 (17.6) 11 (35.5)
2 (5.4) 6 (6.2) 2 (5.6) 6 (5.9) 2 (6.5)

23 (62.2) 44 (45.4) 23 (63.9) 49 (48.0) 18 (58.1)
4 (10.8) 28 (28.9) 4 (11.1) 28 (27.5) 4 (12.9)

10 (27.0) 24 (24.7) 9 (25.0) 24 (23.5) 9 (29.0)

1 (2.7) 40 (41.2) 0 39 (38.2) 1 (3.2)
15 (40.5) 28 (39.2) 15 (41.7) 43 (42,2) 10 (32.2)
21 (56.8) 19 (19.6) 21 (58.3) 20 (19.6) 20 (64.5)

1 (2.7) 46 (47.4) 0 79 (77.5) 10 (32.3)
36 (97.3) 51 (52.6) 36 (100) 23 (22.5) 21 (67.7)

4 (10.8) 67 (69.1) 4 (11.1) 69 (67.6) 2 (6.5)
33 (89.2) 30 (30.9) 32 (88.9) 33 (32.4) 29 (93.5)

22 (59.5) 83 (85.6) 21 (58.3) 86 (84.3) 18 (58.1)
15 (40.5) 14 (14.4) 15 (41.7) 16 (15.7) 13 (41.9)

30 (81.1) 92 (94.8) 29 (80.6) 96 (94.1) 25 (80.6)
7 (18.9) 5 (5.2) 7 (19.4) 6 (5.9) 6 (19.4)

11 (29.7) 90 (92.8) 11 (30.6) 92 (90.2) 9 (29.0)
26 (70.3) 7 (7.2) 25 (69.4) 10 (9.8) 22 (71.0)
37 (27.8) 97 (72.9) 36 (27.1) 102 (76.7) 31 (23.3)

eart, Lung, and Blood Institute and IDF; HDL-C, high-density lipoprotein cholesterol;
riteria of the National Cholesterol Education Program Adult Treatment Panel III

Lung, and Blood Institute and IDF (�90 cm for men; �80 cm for women)
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education �4 y). Most participants were non-smokers and did not
consume alcoholic beverages. Subjects were most often overweight,
obese, and centrally obese. Most of them had normal systemic blood
pressure, blood glucose, HDL-C, and triglyceride levels.TaggedEnd

TaggedPAmong those who presented with MetS, most were women,
ages between 18 and 59 y, and married or living with a partner
and had low education. Most were also non-smokers and did not
consume alcoholic beverages. Individuals with MetS were more
often obese and had elevated waist circumference, systemic blood
pressure, and triglycerides. TaggedEnd

TaggedPNo age group associations were identified (18�59 versus �60
y) with MetS frequency and the TyG index (continuous variable)
(P = 0.775 and P = 0.128, respectively). Then, subsequent analyses
were performed on the total sample. TaggedEnd

TaggedPAmong the five components of MetS diagnosis, only HDL-C was
not associated with TyG index (Supplemental Table 1). TaggedEnd

TaggedPThe TyG index mean in the total sample was 8.66 § 0.42 and,
according to each of the diagnostic criteria, the index was higher
among participants with MetS (P <0.001). In the multivariate anal-
ysis, individuals with a high TyG index had an increased occur-
rence of MetS diagnosed by the three criteria. However, the MetS
prevalence ratio by the harmonized criteria had less variability,
with a prevalence ratio of 500.9% (95% confidence interval [CI],
289.90�826.1), thus explaining that the TyG index was associated
with the occurrence of MetS (Table 2). The TyG index was associ-
ated with MetS even without considering the fasting glucose and
triglyceride components (Supplemental Table 2).TaggedEnd

TaggedPThe performance of the TyG index in predicting MetS, according
to each of the diagnostic criteria, is illustrated in Figure 1. The larg-
est AUC was identified when using the harmonized criteria. TaggedEnd

TaggedPThe TyG index cutoffs for the three MetS criteria, established
from the Youden index— sensitivity, specificity, positive predictive
value, and negative predictive value for each of the MetS criteria—
are listed in Table 3. The optimal cutoff values for the MetS predic-
tion for the harmonized, IDF, and NCEP/ATPIII MetS criteria were
8.61, 8.61, and 8.79, respectively. TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPThe performance of the TyG index in predicting MetS according
to different criteria (harmonized, IDF, and NCEP/ATPIII) in individuals
living in rural areas without a diagnosis of diabetes mellitus was
evaluated. The TyG index presented the largest AUC by the harmo-
nized criteria for MetS prediction, with a cutoff point established at
8.61, with excellent sensitivity and negative predictive value.TaggedEnd

TaggedPThe results also indicated that TyG index can be a useful tool for
identifying MetS. The use of simple, inexpensive, and effective
screening methods is important in clinical practice in primary
health care [22], because early identification and immediate
TaggedEndTable 2
TyG index values according to three metabolic syndromes’ diagnostic criteria

TyG index criteria Metabolic syndrome P*

No Mean § SD Yes Mean § S D

Harmonized 8.49 § 0.30 9.08 § 0.41 < 0.
IDF 8.51 § 0.34 9.05 § 0.37 < 0.
NCEP/ATPIII 8.53 § 0.33 9.08 § 0.41 < 0.

Harmonized, criteria of American Heart Association/National Heart, Lung, and Blood Inst
the National Cholesterol Education Program Adult Treatment Panel III; PR, prevalence rat
*Student’s t test.
yPoisson regression, adjusted for age, sex, and education.
management of MetS are vital for preventing cardiovascular dis-
eases and diabetes [2].TaggedEnd

TaggedPThe TyG index was considered a surrogate marker of insulin
resistance in apparently healthy individuals compared with the
homeostatic model of insulin resistance index, with good sensitiv-
ity (84.0%) and specificity (45.0%) and with positive and negative
predictive values of 81.1% and 84.8%, respectively [10]. In 2010, the
same group of researchers evaluated the sensitivity and specificity
of the TyG index in identifying insulin resistance with the hyperin-
sulinemic-euglycemic clamp test and had 96.5% sensitivity and
85.0% specificity (AUC = 0.858), suggesting that it is a useful tool in
identifying the decrease in insulin sensitivity [29].TaggedEnd

TaggedPA previous study in Brazil has investigated the performance of
the TyG index in adults and older adults in identifying insulin resis-
tance, finding that it is significantly correlated with the hypergly-
cemic clamp (TyG index: AUC = 0.79 [95% CI, 0.69�0.89]) and
considered a useful tool and accessible for the assessment of insu-
lin resistance in the Brazilian population [30]. The TyG index is
referred to as one of the main markers to estimate the sensitivity
to insulin resistance in clinical practice by the Guidelines of the
Brazilian Society of Diabetes [31]. However, it does not provide an
indication of cutoff points for the Brazilian population. TaggedEnd

TaggedPThe TyG index had the largest AUC for predicting MetS using
the harmonized criteria in our study, with sensitivity of 0.946,
specificity of 0.667, and positive and negative predictive values of
0.522 and 0.970 (AUC = 0.889 [95% CI, 0.829�0.949]). The AUC TyG
index predicting MetS was higher than in a study of adults in
Nigeria with AUC = 0.796 (95% CI, 0.757�0.831) [13]. The AUC TyG
index reported in this study was also higher than that found in a
national survey conducted in China [32], 0.863 (95% CI,
0.857�0.869) and 0.867 (95% CI, 0.862�0.872) for men and
women. In addition, the AUC TyG reported here was higher than
the study by Endukuru et al. [33], with AUC of 0.836 (95% CI,
0.767�0.891), but the ideal cutoff point to detect MetS (�9.88)
was higher than the value determined in our results (� 8.61). TaggedEnd

TaggedPFurthermore, according to the IDF criteria [23], our results indi-
cated a higher AUC TyG index (0.877; 95% CI, 0.814�0.940) than
the AUC found in a study performed in Pakistan (AUC = 0.764 [95%
CI, 0.700�0.828; P � 0.001]) [14].TaggedEnd

TaggedPData using the NCEP/ATP III MetS criteria [25] revealed a cutoff
point higher than the other criteria analyzed for the TyG index
(�8.79), sensitivity (77.4%), and specificity (79.4%), and AUC
(0.867; 95% CI, 0.797�0.937). These data are in accordance with
those found by Unger et al. [15] in workers in Argentina, indicating
a TyG index value of 8.8 for both sexes, with perfect sensitivity
(79%) and specificity (86%). In addition, a Korean study [34] with a
rural population of normal weight has identified metabolic risk
ranging from cutoff points 8.73 to 8.82 for both men and women. TaggedEnd

TaggedPThe higher AUC and the lower cutoff point of the TyG index
found in our study may be because our sample was composed of
PR 95% CI Py

Lower Upper

001 6.009 3.899 9.261 < 0.001
001 5.450 3.145 9.446 < 0.001
001 6.124 3.819 9.820 < 0.001

itute and IDF; IDF, International Diabetes Federation; NCEP/ATPIII, revised criteria of
io; TyG, triglyceride-glucose



TaggedFigure

Fig. 1. Receiver operating characteristic (ROC) curve of the TyG index (the test variable) for predicting metabolic syndrome (the state variable) diagnosed through the follow-
ing criteria: (A) harmonized criteria of American Heart Association/National Heart, Lung, and Blood Institute and International Diabetes Federation; (B) International Diabetes
Federation; and (C) revised criteria of the National Cholesterol Education Program Adult Treatment Panel III in the total sample. AUC, area under the curve. TaggedEnd
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individuals without type 2 diabetes mellitus who did not use
drugs that interfere with glucose metabolism and insulin resis-
tance. TaggedEnd

TaggedPSeveral studies have determined cutoff points for the TyG index
in identifying insulin resistance [11,29,30,35,36] and MetS
[13,14,16] in different populations. In a systematic review, Nabi-
poorashrafi et al. [37] investigated the accuracy of TyG index for
MetS in adults. The investigators concluded that the TyG index is a
sensitive and specific index [37]. However, few studies have
addressed the performance of the TyG index to predict MetS in
individuals living in rural areas without a diagnosis of diabetes
mellitus [18,34]. The use of different criteria to define MetS, which
differ mainly in the parameters of elevated waist circumference in
TaggedEndTable 3
Cutoff points, sensitivity, specificity, positive predictive value, and negative predictive val

�Index Altered TyG n (%) Metabolic syndrome

No n (%) Yes n

Harmonized
TyG � 8.61 67 (50.4) 32 (33.3) 35 (9

IDF
TyG � 8.61 67 (50.4) 33 (34.0) 34 (9

NCEP/ATPIII
TyG � 8.79 45 (33.8) 21 (20.6) 24 (7

Harmonized, criteria of the American Heart Association/National Heart, Lung, and Blood
lesterol Education Program Adult Treatment Panel III; NPV, negative predictive value; TyG
Criteria cutoff point determined according to Youden index.
different populations and other pathological conditions such as
dyslipidemia, may influence the TyG index in identifying MetS.
However, glucose and lipid abnormalities may play a crucial role in
the pathogenesis of MetS [33].TaggedEnd

TaggedPThe major strength of this study is the relevance regarding the
prediction of MetS in individuals living in rural areas without a
diagnosis of diabetes mellitus. Accuracy studies of the TyG index in
identifying MetS are still scarce in Brazil, especially in the rural
population. In this context, the TyG index had a good performance
as a surrogate marker for MetS. The TyG index is a simple and inex-
pensive index that can be useful for different health care settings
such as primary health care, because it only requires fasting glu-
cose and triglyceride results. TaggedEnd
ue of the TyG index to predict metabolic syndrome

SE SP PPV NPV

(%)

4.6) 0.946 0.667 0.522 0.970

4.4) 0.944 0,660 0.507 0.970

7.4) 0.774 0.794 0.533 0.920

Institute and IDF; IDF, International Diabetes Federation; NCEP/ATPIII, National Cho-
: triglyceride-glucose; PPV, positive predictive value; SE, sensitivity; SP, specificity



TaggedEnd6 A.N. Couto et al. / Nutrition 109 (2023) 111978
TaggedPIndividuals residing in a rural environment have specific char-
acteristics of that environment, such as lower socioeconomic and
educational levels and difficulties in obtaining access to health
services, due to low demographic density and dispersed popula-
tion [38]. Health policy for rural populations aims to reduce health
problems for rural workers, but with actions aimed at work pro-
cesses [39]. Many rural communities still do not have health facili-
ties in their territory, having to seek care in urban areas. However,
early identification of cardiometabolic risk factors enables preven-
tion of cardiovascular and metabolic diseases, contributing to suc-
cessful aging and better quality of life. TaggedEnd

TaggedPThe TyG index is a simple and low-cost tool that includes only
two routine biochemical measurements (triglycerides and glucose)
from clinical practice and is effective in identifying MetS. However,
to our knowledge, no other study has evaluated the prevalence of
MetS in individuals from rural areas without a diagnosis of diabe-
tes mellitus and the performance of TyG in identifying MetS
through different criteria. The main limitation of the present study
was its cross-sectional design, with inherent limitations. Future
studies should be performed to better estimate the performance of
the TyG index in predicting other cardiometabolic diseases. TaggedEnd

TaggedH1Conclusions TaggedEnd

TaggedPThe TyG index proved valid for diagnosing MetS in individuals
from rural areas. The TyG index cutoff points defined for the har-
monized and IDF criteria were � 8.61 and for the revised NCEP/
ATPIII criteria � 8.79. The largest AUC TyG index was identified for
the harmonized criteria. TaggedEnd
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