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Abstract

Aim: To evaluate the diagnostic performance of the Triglyceride Glucose (TyG) index in predicting prediabetes and to assess its utility as a practical
screening tool in primary healthcare settings.

Material and Methods: This retrospective case control study included 350 adults with prediabetes and 350 age and sex matched normoglycemic controls
from a Family Medicine Unit in Izmir, Tirkiye. Data on sociodemographic characteristics, lifestyle factors, anthropometric measurements, and laboratory values
were obtained from electronic medical records. ROC curve analysis and three step logistic regression models were used to determine the predictive value of
the TyG index and its association with prediabetes risk.

Results: The TyG index was significantly higher in the prediabetes group than in controls (p < 0.001). Logistic regression showed that each one-unit
increase in the TyG index was associated with a 2.26 fold increase in prediabetes risk. Individuals in the highest TyG quartile had a 3.71-4.20 fold increased
risk compared to the lowest quartile across models. The TyG index also showed strong correlations with HbAlc, fasting glucose, lipid parameters, and waist
circumference. ROC analysis yielded an AUC of 0.680 for the TyG index alone, which increased to 0.834 when combined with fasting glucose and lifestyle
variables.

Conclusion: The TyG index is a low cost, accessible, and effective screening marker for prediabetes in primary care. Its integration into clinical decision-
making processes may support early identification and risk stratification of individuals prone to developing type 2 diabetes.

INTRODUCTION related complications, including microangiopathy and
cardiovascular diseases [2,3]. Effective preventive
strategies and therapeutic interventions aimed at halting
the progression from prediabetes to diabetes are critical in
reducing diabetes-related morbidity and mortality.

According to the World Health Organization (WHO)
2021 report, approximately 537 million adults aged 20-79
years are living with diabetes worldwide. It is estimated
that the global prevalence will rise to 643 million by
2030 and reach 784 million by 2045 [1]. In recent years, Insulin Resistance (IR) is one of the key metabolic
diabetes-related health expenditures have steadily djsturbances in the pathogenesis of type 2 diabetes
increased globally, with a disproportionately greater mellitus [4]. While the Hyperinsulinemic-Euglycemic
burden observed in low- and middle-income countries [1]. Clamp (HIEC) remains the gold standard for assessing IR,

Prediabetes, characterized by asymptomatic and its high cost and time-consuming nature limit its routine

moderate hyperglycemia, is frequently more prevalentthan ~ US€: Therefore, simpler and. more .affordable surrogate
diabetes. Compared with individuals with normal glucose = markers such as HOMA-IR, Triglyceride to HDL cholesterol

metabolism, those with prediabetes are at significantly ~ratio (TG/HDL), McAuley index, and the Triglyceride
higher risk of developing type 2 diabetes mellitus and ~ Glucose (TyG) index have been extensively studied [5,6].
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The TyG index is a low-cost marker calculated using fasting
plasma glucose and triglyceride levels, with the formula: In
[fasting triglycerides (mg/dL) x fasting glucose (mg/dL) /
2] 17,8].

Numerous studies have investigated the relationship
between the TyG index and both prediabetes and metabolic
syndrome components, reporting varying degrees of
predictive accuracy across different populations. However,
studies evaluating the diagnostic value of the TyG index in
identifying prediabetes at the primary care level in Tiirkiye
remain limited.

The aim of this study is to evaluate the diagnostic
performance of the TyG index in predicting prediabetes
and to assess its feasibility as a screening tool in primary
healthcare settings.

MATERIALS AND METHODS
Study Design and Data Collection:

This retrospective case control study was conducted
amongindividuals aged 18 years and older registered at the
13th Family Medicine Unit in Karabaglar, izmir. Assuming
a prediabetes prevalence of 35%, a minimum of 350
individuals with a diagnosis of prediabetes were included
using a sample size formula for an unknown population. A
control group of 350 normoglycemic individuals, matched
for age and sex, was also selected. Pregnant women,
individuals under 18 years of age, and records with missing
data were excluded. Sociodemographic characteristics,
lifestyle factors, anthropometric measurements, and
laboratory findings were retrospectively retrieved from
the Family Medicine Information System. Laboratory
parameters included fasting glucose, hemoglobin, HbA1lc,
TSH, total cholesterol, HDL, LDL, and triglyceride levels.

Ethical Approval:

The study was approved by the Clinical Research
Ethics Committee of izmir Bozyaka Training and Research
Hospital on February 6, 2025 (Approval No: 2025/09) and
was conducted with permission from the Izmir Provincial
Health Directorate.

Statistical Analysis:

Statistical analyses were performed using IBM SPSS
Statistics for Windows, version 27.0 (IBM Corp., Armonk,
NY, USA). Categorical variables were expressed as counts
and percentages, while continuous variables were
reported as mean + Standard Deviation (SD) or median
(Q1-Q4), depending on data distribution. The normality of
distribution was assessed using the Shapiro Wilk test and

visual methods. Independent samples t-test was used for
normally distributed variables, and the Mann Whitney U
test for non-normally distributed variables. Homogeneity
of variances was assessed with Levene’s test. Comparisons
across more than two groups were conducted using one-
way ANOVA or Kruskal Wallis tests, with appropriate
post hoc analyses applied where significant differences
were found. Categorical variables were analyzed using
Pearson’s chi-square test or the Fisher Freeman Halton
test when necessary.

Receiver Operating Characteristic (ROC) analysis was
used to evaluate test performance, including Area Under
The Curve (AUC), sensitivity, specificity, and optimal
cutoff points, determined using the Youden index and
Kolmogorov Smirnov statistic. A three-step logistic
regression model was constructed to assess predictors
of prediabetes. Model 1 included fasting glucose and TyG
index; Model 2 added age and sex; and Model 3 further
incorporated lifestyle and clinical variables. For all models,
0dds Ratios (OR), 95% Confidence Intervals (CD), and
p-values were reported. Model fit was assessed using the
Hosmer-Lemeshow test, Cox & Snell R?, and Nagelkerke
R? values. Multicollinearity was evaluated using Variance
Inflation Factor (VIF) and tolerance values. A two tailed
p-value < 0.05 was considered statistically significant.

RESULTS

The TyG index, age, fasting plasma glucose, HbAlc,
total cholesterol, LDL-C, triglycerides, body weight, height,
and waist circumference values were significantly higher
in the prediabetes group compared to the control group.
In contrast, HDL-C levels were significantly lower (p <
0.05). The TyG index also showed a statistically significant
difference between the groups (p < 0.001) (Table 1).
Analysis of participants’ lifestyle factors revealed that
smoking was significantly associated with prediabetes (OR
= 1.75), while no significant associations were observed
for alcohol consumption, physical activity, or psychiatric
comorbidities. Chronic medication use was significantly
related to prediabetes status.

According to quartile-based analysis of the TyG
index, variables such as age, waist circumference, fasting
glucose, HbA1lc, total cholesterol, LDL-C, triglycerides, and
hemoglobin increased progressively across TyG quartiles,
whereas HDL-C levels decreased significantly (p < 0.001).
No significant differences were observed in TSH and BMI
levels among quartile groups (Table 2).

Prediction of Prediabetes Using Logistic Regression
Models

Three-stage logistic regression models were
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Table 1. Comparison Of Clinical And Laboratory Variables Between The Control Group And individuals With Prediabetes.
Variable Control Group (n = 350) Prediabetes Group (n = 350) t/Z P-value Cohen’s d
Age (years) 48.10 + 15.06 53.10+12.00 -4.87 <0.001 -0.368
Hemoglobin (g/dL) 13.58 +1.45 13.48 +1.54 0.884 0.372 0.067
Fasting Glucose (mg/dL) 86.41+7.39 98.35+11.27 -16.688 <0.001 -1.251
Hematocrit (%) 40.86 +4.17 40.44 + 4.06 1.379 0.171 0.104
Total Cholesterol (mg/dL) 199.67 £ 40.21 210.36 + 41.64 -3.466 <0.001 -0.261
LDL-C (mg/dL) 118.95 + 35.30 127.46 + 36.49 -3.149 0.002 -0.237
HDL-C (mg/dL) 57.37 +14.81 53.68 + 13.69 3.443 0.003 -0.259
HbAlc (%) 5.20 +0.34 5.89 +0.25 -30.723 <0.001 -2.320
Body Weight (kg) 7447 +12.54 76.39 +10.48 -2.209 0.031 -0.166
Height (cm) 162.11 + 8.64 163.55 £ 9.05 -2.159 0.035 -0.162
Waist Circumference (cm) 86.68+12.16 89.34+11.76 -2.954 0.002 -0.222
BMI (kg/m?) 28.44 £5.01 28.66 +4.12 -0.638 0.529 -0.048
TyG Index 8.41+0.52 8.75+0.52 -8.835 <0.001 -0.665
Mdn(Q1-Q3) Mdn(Q1-Q3) 1) p r
Triglycerides (mg/dL) 102 (73-147) 125 (90-183) 47693 <0.001 0.203
TSH (mIU/L) 1.77 (1.22-2.34) 1.77 (1.25-2.50) 60997 0.135 0.018

t: Independent samples t-test statistic; U: Mann-Whitney U test statistic; p: Significance level (two-tailed); d: Cohen’s d; r: Rank biserial correlation

Table 2: Characteristics Of Participants Across Tyg Index Quartiles (One-way ANOVA analysis)

Variable Q1(6.73-8.21) Q2 (8.22-8.57) Q3 (8.57-8.96) Q4 (8.97-10.0)
n=175 n=178 n=177 n=176
age years 4667 £15.93 51.28 + 14.08 51.2£13.33 53.33£10.7
F (3.702) = 7.444, p < 0.001, Eta? = 0.031, Q1 <Q2 = Q3 <Q4
Body Weight (ke 73931175 \ 7465 £ 11.47 \ 7653+ 11.36 76671157
(F (3.702) = 2.474, p = 0.060, Eta’ = 0.010
Height cm) 161.47 £9.53 \ 163.37 £8.91 \ 163.26 £ 8.30 | 163.26+8.64
(F (3.702) = 1.870, p = 0.133, Eta? = 0.008
Waist Cireumference (cm) 85.96 £ 11.81 \ 86.78 £ 11.78 \ 89.72 £ 12.04 | 89.61:12.10
(F (3.702) = 4.627, p = 0.003, Eta’ = 0.019). Q1, Q2<Q3, Q4
BMI (kg/m?) 2851+ 4.95 \ 28.09 & 4.68 \ 2881+ 448 | 28812418
(F (3.702) = 0.969, p = 0.407, Eta’ = 0.004
Fasting Glucose (mg/dL) 87.73 £ 9.55 \ 91.64+10.38 \ 92.89+ 114 | 97.52:1147
(F (3,702) = 24.862, p < 0.001, Eta? = 0.096) Q1 <Q2 <Q3 <Q4
HbALe 5.32+048 \ 5.53 £ 0.4 \ 5.54 044 . 58:031
(F (3,702) = 37.735, p < 0.001, Eta? = 0.139) (Q1 <Q2 = Q3 <Q4)
Hemoglobin (g/d1) 1312£1.39 \ 1342 £ 1.55 \ 1372143 | 1383:152
(F (3,702) = 8.215, p < 0.001, Eta” = 0.034) Q1<Q3, Q4
Hematocrit (%) 39.57 £3.86 \ 4042 + 436 \ 4125397 | 41.34£4.05

(F (3.702) = 7.282, p < 0.001, Eta? = 0.030). Q1<Q2, Q3, Q4

Total Cholesterol (mg/dL)

181.98 + 32,11 \

195.70 + 35.69 \

214.95 + 38.30

227.59 £42.87

(F (3.702) = 51.192, p < 0.001, Eta® = 0.180). Q1 <Q2 <Q3 <Q4

bLK 106.84 + 26.4 \ 119.37 +33.59 \ 132.43 £ 3629 | 13426401
(F (3.702) = 24.139, p < 0.001, Eta? = 0.094). Q1 <Q2 <Q3 = Q4
63.21+1222 \ 57.24 £ 12.67 \ 54.16 £ 15.54 | 474311216
HDL-K

(F (3.702) = 43.326, p < 0.001, Eta? = 0.156). (Q4 <Q3 <Q2 <Q1).

62.95 + 14.54 \

98.41 + 13.52 \

139.59 + 23.47

232.44 + 68.02

Triglycerides (mg/dL)

(F (3.702) = 676.274, p < 0.001, Eta® = 0.743(Q1 <Q2 <Q3 <Q4).

1.77(1.30-2.34) \

1.73(1.14-2.37) \

1.74(1.21-2.44)

1.79(1.25-2.85)

TSH (mlU/L)

F (3.702) = 1.544, p = 0.202, Eta? = 0.007

constructed to predict prediabetes, and their predictive
performance was evaluated using receiver operating
characteristic (ROC) curve analysis.

Model 1, which included only fasting glucose
and the TyG index, demonstrated that each 1 mg/dL
increase in fasting glucose was associated with a 13.5%

increase in the risk of prediabetes (OR = 1.135; p <
0.001), while each one-unit increase in the TyG index
increased the risk by 2.26 times (OR = 2.257; p < 0.001).
Model 2, expanded to include age and sex, revealed
that female sex was associated with a significantly
increased risk (OR = 1.5; p = 0.039), while age
approached statistical significance (p = 0.057).
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Model 3, which incorporated lifestyle and anthropometric
variables, indicated that smoking significantly increased
the risk by 1.8 times (p < 0.01). However, age, BMI, waist
circumference, and alcohol consumption did not show
significant associations (p > 0.05).

In ROC analysis, Model 1 yielded an AUC value of 0.819,
indicating strong discriminatory performance. While the
TyG index alone had an AUC of 0.680, its predictive power
substantially improved when combined with fasting
glucose. AUC values increased slightly with the addition of
further variables: Model 2 reached an AUC of 0.824, and
Model 3 achieved an AUC of 0.834 (Table 3).

These findings suggest that biochemical parameters
particularly fasting glucose and HbAlc are the primary
determinants for identifying prediabetes. Incorporating
lifestyle factors may enhance diagnostic sensitivity and
enable a more individualized risk assessment (Table 3,
Figure 1). Although the TyG index alone appears to be
a limited predictor, its integration with fasting glucose
significantly strengthens the model’s discriminatory
ability, offering a practical tool for screening in primary care
settings. Furthermore, Model 3, which includes modifiable
risk factors, may provide a more comprehensive approach

ROC Curve Analysis of FPG, HbAlc, TyG Index, and
Logistic Models for the Prediction of Prediabetes

Source of the
Curve

Fasting
—Plasma
Glucose

—HbAlc
—Model 1
——Model 2

— Model 3
—Reference Line
—TyG

08

06

Sensitivi

04

02

00

00 0.2 04 06 08 10

1 - Specificity

Figure 1 Receiver operating characteristic (roc) curves comparing the
diagnostic performance of fasting blood glucose, hbalc, the tyg index,
and logistic regression models (model 1-3) in predicting prediabetes.

Table 3: Results of the ROC curve analysis.

for risk stratification and targeted interventions.

Relationship Between TyG Index Quartiles and
Prediabetes: A Comparative Analysis of Three Models

In three logistic regression analyses conducted across
TyG index based quartile groups, increasing TyG levels
were found to be significantly associated with a higher
risk of prediabetes. Compared to the reference group
(Q1), individuals in Q4 had a 4.17-fold increased risk
of prediabetes in Model 1, which was adjusted only for
fasting blood glucose (FBG) (OR =4.17; 95% CI: 2.45-7.12;
p < 0.001). This risk further increased to 4.20 in Model
2, which included age and sex, and was slightly lower in
Model 3 at 3.71, after additionally adjusting for lifestyle
and clinical variables such as smoking, alcohol use,
chronic medication use, BMI, and waist circumference (p
< 0.001 for all). While the Q2 group showed a statistically
significant increase in risk across all three models, the Q3
group did not reach statistical significance. Nevertheless,
the “p for trend” was < 0.001 in all models, indicating a
significant dose-response relationship between increasing
TyG index levels and the risk of prediabetes (Table 4).

The observation of similar risk estimates across all
three models suggests that the TyG index remains a
strong predictor of prediabetes despite varying levels of
adjustment. In Model 3, a slight decrease in odds ratios
was observed following the inclusion of lifestyle related
variables. This finding indicates that the independent effect
of the TyG index was maintained even when evaluated
alongside other confounding factors (Table 5).

DISCUSSION

This study is one of the few Turkey based investigations
conducted at the primary healthcare level that evaluates
the diagnostic value of the TyG index in predicting
prediabetes. The findings demonstrated a significant and
positive association between the TyG index and the risk
of prediabetes. In particular, individuals in the highest
25% group (4™ quartile) based on TyG levels exhibited a
markedly increased risk. According to logistic regression
analysis, each one-unit increase in the TyG index elevated
the risk of developing prediabetes by 2.26 times; this risk
reached up to 3.71 times in the highest quartile group.

Model / Parameter AuC 95% CI P-value Gini Index K-S Statistic Cut-off Value
HbA1c (reference) 0.977 0.965 - 0.988 <0.001 0.953 0.936 5.65
Fasting Blood Glucose 0.804 0.772 - 0.836 <0.001 0.608 0.499 99.5 mg/dL
TyG Index 0.680 0.641-0.719 <0.001 0.360 0.265 8.49
Model 1 0.819 0.788 - 0.850 <0.001 0.638 0.543 0.596
Model 2 0.824 0.794 - 0.855 <0.001 0.648 0.544 0.634
Model 3 0.834 0.805 - 0.864 <0.001 0.669 0.541 0.627

J Family Med Community Health 12(2): 1214 (2025)
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Table 4: Relationship between TyG index and prediabetes in Model 1 (adjusted for fasting glucose only).
TyG Index OR (95% CI) P-value
Continuous (quartile-based modeling approach was used) —
Quartiles
Q1 (6.73-8.21) Reference —
Q2 (8.22-8.57) 1.78 (1.08-2.94) 0.024
Q3 (8.57-8.96) 1.49 (0.89-2.48) 0.128
Q4 (8.97-10.00) 4.17 (2.45-7.12) <0.001
P for trend — <0.001

Table 5. Association Between TyG Index and Prediabetes Across Predictive Models

TyG index

Model 1

Model 2

Model 3

Continuous

2.26(1.58 - 3.22)

2.27(1.58-3.27)

2.09(1.44 - 3.02)

Quartiles

Q1 (6.73-8.21)

Reference

Reference

Reference

Q2 (8.22-8.57)

1.78 (1.08-2.94)

1.75 (1.06-2.91)

1.68 (1.01-2.81)

Q3 (8.57-8.96)

1.49 (0.89-2.48)

1.46 (0.87-2.46)

1.31(0.77-2.23)

Q4 (8.97-10.00)

417 (2.45-7.12)

4.20 (2.44-7.24)

3.71 (2.13-6.46)

P for trend

<0.001

<0.001

<0.001

Model 1: TyG and fasting plasma glucose

Model 2 : TyG, fasting plasma glucose, age and sex

Model 3 : TyG, fasting plasma glucose, age, sex, smoking, drinking, BMI, waist circumference and chronic drug using)

These results are consistent with previous literature and
support the potential of the TyG index as a strong and
independent biomarker for the early identification of
prediabetes [9,10].

In a study conducted in the United States, the TyG
index and its derivatives (TyG-waist circumference and
TyG-BMI) were found to be strongly associated with
cardiovascular diseases and mortality [9]. Similarly,
prospective cohort studies conducted in China have
emphasized that the TyG index is significantly correlated
with components of the metabolic syndrome and serves
as a valuable marker in predicting prediabetes [11]. In our
study, fasting blood glucose, HbAlc, triglycerides, total
cholesterol, and LDL levels were observed to increase
significantly across TyG quartiles, while HDL levels
decreased. These findings suggest that the TyG index may
reflect cardiometabolic risk in a more comprehensive
manner. Our results are consistent with previous literature
and indicate that the TyG index is associated not only with
glycemic abnormalities but also with a range of metabolic
parameters.

Our study also suggests that the TyG index is not merely
a biochemical parameter, but when considered alongside
lifestyle-related variables, it can predict prediabetes risk
with greater accuracy. A cohort study conducted in China
reported that each standard deviation increase in the TyG
index was associated with a 22% higher risk of developing
diabetes, with this effect being particularly pronounced in
women and individuals over the age of 65 [12,13]. These
findings highlight the importance of incorporating the

TyG index into individualized risk assessments, taking
demographic characteristics into account. In our dataset,
smoking was significantly associated with prediabetes
risk, indicating that the TyG index may be influenced by
lifestyle factors. Previous studies have also demonstrated
that smoking increases insulin resistance and facilitates
the development of type 2 diabetes [13]. On the other
hand, variables such as alcohol consumption and body
mass index did not show a significant contribution in
multivariate analyses, suggesting that the TyG index may
serve as a relatively independent marker from these
factors.

In the evaluation based on TyG index quartiles,
individuals with higher TyG levels also exhibited
significantly increased waist circumference measurements,
anindicator of abdominal obesity. This finding is consistent
with previous literature demonstrating a direct association
between TyG and abdominal obesity [12,11]. Furthermore,
the concurrentincrease in HbAlc and fasting glucose levels
alongside TyG supports its direct association with glycemic
control parameters and its potential as a surrogate marker
for insulin resistance [9].

Another noteworthy finding is the parallel increase
in hemoglobin levels across TyG quartiles. This may
suggest a potential pathophysiological link between
insulin resistance and erythropoietic activity. In the
study by Zhang and Zeng, HbAlc was reported to play a
partial mediating role in the relationship between TyG
and cardiovascular diseases [9]. Although insulin levels
were not directly measured in our study, the simultaneous
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elevation of HbA1lc and hemoglobin levels in conjunction
with TyG supports this hypothesis. In this context, further
mechanistic studies are clearly warranted.

In the ROC analysis, the discriminative power of the
TyG index in predicting prediabetes was found to be
moderate (AUC = 0.68). However, in a five-year follow-
up study conducted by Chen et al. among individuals with
prediabetes, the TyG index yielded a higher AUC value of
0.72 [10]. The discrepancy in AUC values may be explained
by differences in the study populations, as the former was
based on a secondary care clinical setting, whereas our
study was conducted at the primary care level. Although
insulin levels were not directly measured in our study, the
significant associations between the TyG index and HbAlc,
fasting glucose, and hemoglobin levels are consistent
with known surrogate biomarkers of insulin resistance.
These findings are in line with previous reports describing
a potential pathophysiological link between insulin
resistance and erythropoietic activity [12-14]. Therefore,
the TyG index may be considered not only a marker of
glycemic status but also a potential indicator of underlying
metabolic and hematologic processes.

The TyG index represents a valuable screening
tool in clinical practice due to its ease of applicability,
cost effectiveness, and practical interpretability at the
primary care level. Nevertheless, its utility should be
further supported by prospective and longitudinal studies
incorporating direct measurements of parameters such as
insulin and HbA1lc.

CONCLUSION

Delayed diagnosis of prediabetes contributes to
the increasing prevalence of type 2 diabetes and the
widespread occurrence of related complications, posing
a significant public health concern. The findings of this
study demonstrate a strong positive association between
the TyG index and prediabetes, indicating that higher TyG
levels are accompanied by a significantly increased risk
of developing prediabetes. These results suggest that the
TyG index is not only a biochemical parameter but also a
feasible, accessible, and cost-effective screening tool for
use in primary healthcare settings.

Particularly in primary care environments where oral
glucose tolerance tests are not routinely performed, a risk
stratification approach based on the TyG index may serve
as a strategic tool for the early diagnosis and prevention
of diabetes. In this respect, our study is among the few
investigations that highlight the clinical potential of the
TyG index in predicting prediabetes at the primary care
level. The findings provide important insights that may

contribute to strengthening public health policies aimed at
the early detection and prevention of prediabetes. Further
large-scale, multicenter, and prospective studies are
warranted to explore the integration of the TyG index into
clinical decision support systems.
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