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Purpose: This study seeks to assess the potential of early pregnancy Triglyceride Glucose Index (TyG), triglyceride to High-Density
Lipoprotein Cholesterol ratio (TG/HDL-c), Low-Density Lipoprotein Cholesterol to High-Density Lipoprotein Cholesterol ratio (LDL-
C/HDL-C), and Total Cholesterol to High-Density Lipoprotein Cholesterol ratio (TC/HDL-C) in predicting Gestational Diabetes
Mellitus (GDM).

Patients and Methods: A total of 1073 adults singleton pregnant women were enrolled from June 2017 to September 2019.
Complete anthropometric data and lipid profiles were measured in the first trimester (before 12 weeks gestation) and a 75g oral glucose
tolerance test (OGTT) at 24-28 weeks was performed. Based on OGTT results, participants were categorised into Normal Glucose
Tolerance (NGT) group (n=872) and GDM group (n=201). General data, laboratory test results, and surrogate insulin resistance
indicators such as TyG index, TG/HDL-C, LDL-C/HDL-C, and TC/HDL-C were documented and compared. To compare differences
between the two groups, f-test was used, Spearman correlation analysis and linear regression analysis were performed to establish
associations between these indicators and insulin resistance in GDM. Receiver Operating Characteristic (ROC) curves were generated
to compare the thresholds of these indicators for predicting GDM during pregnancy and to quantify overall diagnostic accuracy.
Results: Individuals with GDM had higher TyG, TG/HDL-C, and LDL-C/HDL-C levels (P < 0.001), but with no significant
difference observed in TC/HDL-C. All four ratios were positively correlated with Homeostatic Model Assessment of Insulin
Resistance (HOMA-IR), yet only TyG emerged as an independent risk factor for HOMA-IR. The Area under the Curve (AUC) of
TyG index (0.692) was comparable to that of HOMA-IR (0.703). The cut-off points for TyG index, TG/HDL-C, and HOMA-IR in
predicting GDM were 7.088, 0.831, and 1.8, respectively. HOMA-IR exhibited the highest sensitivity (79.1%), while TyG index
(64.3%) and TG/HDL-C ratio (64.3%) demonstrated better specificity compared to HOMA-IR (56.3%). LDL-C/HDL-C and TC/HDL-
C offered no discernible predictive advantage.

Conclusion: Early pregnancy TyG index and TG/HDL-C can aid in identifying pregnant women at risk for GDM, potentially
facilitating early and effective intervention to improve prognosis. TyG index exhibited superior predictive capability compared to TG/
HDL-C.
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Introduction
Gestational Diabetes Mellitus (GDM) stands as a prevalent comorbidity during pregnancy, exerting short- and long-term
adverse effects on mother and infant, large-for-gestational-age (LGA) infants were particularly common.'” Emma Assi et al
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used a proteomic approach to find that placental dysfunction may be directly responsible for abnormal growth and develop-
ment of GDM fetuses.” GDM and T2DM share both non-genetic and genetic risk factors, including obesity, poor diet and
sedentary lifestyle; MTNR1B, TCF7L2, CDKAL1 and CDKN2A-CDKN2B of the GDM loci have been reported at genome-
wide significance for T2DM.* The etiology of GDM remains elusive, with insulin resistance and islet beta cell dysfunction
recognised as pivotal pathophysiological foundations. Established risk factors for GDM include increasing body mass index
(BMI), advanced maternal age and increases in insulin resistance (IR).> The homeostasis model assessment for insulin
resistance (HOMA-IR) index is the most widely used to evaluate the degree of IR.® However, it is not readily available in the
early stages, and insulin testing is expensive. So it is a good idea to use routine antenatal testing indicators instead of IR to
predict the risk of GDM. Past investigations have identified metabolic indicators, such as the Triglyceride/Glucose Index
(TyG) and Triglyceride/High-Density Lipoprotein Cholesterol Ratio (TG/HDL-C), as reliable markers for discerning high-
risk groups prone to insulin resistance and metabolic disorders in non-pregnant individuals.”® Nonetheless, evidence linking
these indicators to insulin resistance (IR) and GDM in pregnant individuals remains scarce. Thus, the query persists: do these
straightforward insulin resistance-related alternative indicators in early pregnancy hold reference value, and can clinicians
utilise them to swiftly and accurately identify and intervene with high-risk groups of GDM in actual clinical practice? Hence,
this study aims to scrutinise the relevance and practicality of four indicators, including TyG and TG/HDL-C, in predicting
GDM in pregnant individuals, alongside their association with early pregnancy GDM occurrence.

Materials and Methods
Study Objects and Groups

A total of 1073 singleton pregnant women who underwent routine prenatal examination in Qinhuangdao Maternal and
Child Health Hospital from June 2017 to September 2019 were enrolled in this retrospective study. The data of age,
height, pre-pregnancy weight, systolic blood pressure, diastolic blood pressure and blood biochemical indexes of
pregnant women at the time of the first prenatal examination (pregnancy weeks 8 to 12) were collected and recorded.
The results of oral glucose tolerance test (OGTT) at 24-28 weeks of pregnancy were recorded. And according to OGTT,
the patients were divided into normal glucose tolerance (NGT) group and GDM group. All subjects were excluded from
diseases affecting blood glucose levels such as hyperthyroidism, Cushing’s syndrome, and pancreatitis, and there were no
acute complications such as diabetic ketoacidosis, and no serious damage to heart, liver, and kidney function, and
incomplete data in early pregnancy. This study was approved by the Ethics Committee of Qinhuangdao Maternal and
Child Health Hospital and the First Hospital of Qinhuangdao. Institutional Review Board approvals reviewed patient’s
medical records, the data were anonymous, and the requirement for informed consent was therefore waived. The study
was conducted in accordance with the ethical standards of the Declaration of Helsinki.

According to the diagnostic criteria of the International Association of Diabetes and Pregnancy Study Groups
(IADPSG)," fasting blood glucose level (FPG) >5.1 mmol/L, 1-h post-glucose (1hPG) level >10.0 mmol/L, or 2-h post-
glucose (2hPG) level >8.5 mmol/L. GDM was diagnosed to conform to any one of the three items.

Laboratory Examination

The night before the blood was collected, the participants were asked to fast for eight hours. All blood collected was
centrifuged within 2 hours. We used serum for biochemical measurements and whole blood for HBAlc analysis, all
measurements were completed within 24 hours. The automatic biochemical analyzer (Hitachi 7060 type, Ibaraki, Japan)
was used to detect fasting plasma glucose (FPQG), triglyceride, serum total cholesterol, high-density lipoprotein choles-
terol (HDL-c), low-density lipoprotein cholesterol (LDL-C), blood uric acid, creatinine, blood urea nitrogen, alanine
aminotransferase (ALT), aspartate aminotransferase (AST) and gamma glutamyl transpeptidase (GGT). The methodol-
ogy of automatic biochemical analyzer adopted continuous monitoring method, enzyme method and two-point endpoint
method. HbA1C was detected by automatic HBA1C analyzer (Arkray HA8180 type, Japan) using high performance
liquid chromatography (HPLC). Fasting insulin (FINS) levels were detected by electrochemiluminescence (Roche Cobas
€801, Ibaraki, Japan).
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Indices were calculated: TyG index = In[TG(mg/dl)x FPG(mg/dl)/2]; Homeostasis model evaluation insulin resistance
index (HOMA — IR)= FPG(mmol/L)x FINS(x U/ml)/22.5. Steady-state model assessment islet beta cells secrete
index (HOMA — ) = 20 x FINS(x U/ml)/[FPG(mmol/L)—3.5].

Statistical Analysis

Data processing and statistical analysis were used SPSS25.0 statistical analysis package. To compare differences between
the NGT and GDM groups, the measurement data used the #-test, expressed as (x+s). The associations between HOMA-
IR and various indicators were explored using Spearman correlation generated in Correlation Plot by Origin 2024. Linear
regression was further used to analyze the independent risk factors of HOMA-IR. The receiver operating characteristic
(ROC) curve predicts the tangent point of each indicator of GDM during pregnancy. P<0.05 was considered statistically
significant.

Results

The present study comprised of 1073 pregnant women with an average age of 28.01+5.30years. Among the participants,
201 (18.7%) were diagnosed with GDM. Table 1 presents a general comparison between NGT and GDM pregnancies.
Compared to NGT pregnant women, those with GDM were characterized by advanced age, higher levels of GGT, CREA,
UA, glycated hemoglobin, TG and LDL-C in the first trimester, and greater weight gain, higher fasting blood glucose, 1h
blood glucose and 2h blood glucose at 24-28 weeks of pregnancy (all P<0.05). Whereas the level of systolic blood
pressure, diastolic blood pressure, ALT, AST, BUN, TC and HDL-C in early pregnancy were not found any significant
differences (P>0.05, Table 1).

Table | Anthropometric and Biochemical Characteristics of Participants [X =+ s, %]

Variables NGT (n=872) | GDM (n=201) | t P value
Age (years) 27.97+3.65 29.21+3.8I —4.188 | <0.001
Pregnancy weeks 8 to 12

Weight' (kg) 56.43+9.49 56.96+9.85 —-0.708 | 0.479
SBP (mmHg) 115.58+10.33 116.37£9.93 -0.985 | 0.325
DBP (mmHg) 69.61£7.95 69.98+7.62 —0.586 | 0.558
ALT (mmol/L) 16.10+12.40 16.31x13.64 -0.213 | 0.831
AST (mmol/L) 18.48+8.19 18.64+8.59 -0.257 | 0.797
GGT (mmol/L) 13.26+8.46 14.76£9.51 —2.049 | 0.041
UA (mol/L) 205.09+46.99 234.81+48.20 —8.045 | <0.001
BUN (mol/L) 2.51£0.62 2.44+0.59 1.470 0.142
CREA (umol/L) 44.15%7.64 46.54+6.32 —4.630 | <0.001
TG (mmol/L) 1.51+0.60 1.90+0.81 —6.563 | <0.001
TC (mmol/l) 4.51+0.78 4.52+0.81 —0.184 | 0.854
HDL-C (mmol/L) 1.93+0.41 1.88+0.41 1.605 0.109
LDL-C (mmol/L) 1.88+0.66 2.08+0.71 —3.723 | <0.001
FPG' (mmol/L) 4.75+0.43 4.82+0.44 —2.135 | 0.033
HbAlc (%) 4.89+0.30 5.06+0.36 —6.179 | <0.001
Pregnancy weeks 24 to 28

Weight? (kg) 63.30£9.71 65.75+10.02 —-3.199 | 0.001
FPG? (mmol/L) 4.53+0.29 5.26+0.42 —23.157 | <0.001
Ih PG (mmol/L) 7.19£1.67 9.35%1.71 —17.025 | <0.001
2h PG (mmol/L) 6.16+£0.96 7.94£1.35 —17.711 | <0.001

Note: Data were expressed as mean+ standard deviation.

Abbreviations: NGT, normal glucose tolerance; GDM, gestational diabetes mellitus; Weight', weight in
early pregnancy; Weight?, weight in pregnant week 24 to 28; SBP, systolic blood pressure; DBP, diastolic
blood pressure; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyl
transpeptidase; UA, blood uric acid; BUN, blood urea nitrogen; CREA, creatinine; TG, triglycerides; TC,
total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein choles-
terol; FPG, fasting plasma glucose; HbA ¢, glycated hemoglobin.
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Table 2 Comparison

of Insulin Resistance-Related Indicators

Variables NGT (n=872) | GDM (n=201) | t P value
TyG 6.99+0.36 7.23+0.37 —8.683 | <0.001
TG/HDL-C ratio 0.83+0.45 1.10£0.75 —4.896 | <0.001
LDL-C/HDL-C ratio | 1.02+0.44 1.17£0.55 —-3.631 | <0.001
TC/HDL-C ratio 2.41+0.54 2.49+0.62 —1.932 | 0.054
FINS (unU/mL) 10.36%7.16 12.58+6.07 —4.086 | <0.001
HOMA-IR 2.11x1.49 2.97+1.50 —7.412 | <0.001
HOMA-B 211.74+150.66 | 146.64+71.78 9.057 <0.001

Note: Data were expressed as mean * standard deviation.

Abbreviations: NGT, normal glucose tolerance; GDM, gestational diabetes mellitus; TyG,
triglycerides/glucose index; FINS, fasting insulin; HOMA-IR, homeostasis model assessment of
insulin resistance; HOMA-B, homeostasis model assessment-f-cell function; respectively.

In terms of insulin resistance-related indicators, significantly higher fasting insulin, TyG, TG/HDL-C, LDL-C/HDL-C
and HOMA-IR, and lower HOMA-f} were observed in GDM group compared with NGT group (P< 0.001 for all). There
were no significant differences between TC/HDL-C (Table 2).

Figure 1 shows that correlation analysis results of these indices and HOMA-IR. TG, TC, HDL-C, LDL-C, TG/HDL-C,
TyG, LDL-C/HDL-C, TC/HDL-C were all correlated with HOMA-IR (P< 0.001 for all). After adjusting for age, only
HbA1C and TyG were independent risk factors for HOMA-IR (Table 3).

ROC curve analysis results showed that TyG index, TG/HDL-C, LDL-C/HDL-C were linearly correlated with GDM
events. As for the detection of GDM, all three indices showed significant areas under the ROC curve (P < 0.001 for all).
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Figure | Spearman correlation between the indices and HOMA-IR. The leftmost column represents the correlation coefficient, **P<0.01, ***P<0.001.
Abbreviations: HbAlc, glycated hemoglobin; FPG, fasting plasma glucose; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; TyG, triglycerides/glucose index. HOMA-IR, homeostasis model assessment of insulin resistance.
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Table 3 Linear Regression Analysis of HOMA-IR and Each Index

Variables | B Standard Error | Standard | t P

Constant | —11.793 | 0.964 - —12.239 | <0.001
HbAlc 1.106 0.136 0.231 8.160 <0.001
TyG 0.921 0.117 0.224 7.865 <0.001

Note: Adjusted for age.
Abbreviations: BMI, body mass index; HbAlc, glycated hemoglobin.

Table 4 Comparison of Predictive Accuracy and Cut-off Values of TyG, TG/HDL-C,
LDL-C/HDL-C, and HOMA-IR for GDM

Indices Cut-off | AUC (95% CI) P value | Sensitivity | Specificity
TyG 7.088 0.692 (0.653-0.731) | <0.001 682 64.3
TG/HDL-C 0.831 0.664 (0.623-0.704) | <0.001 63.7 64.3
LDL-C/HDL-C | 0.928 0.574 (0.531-0.618) | 0.001 66.7 46.2
HOMA-IR 1.80 0.703 (0.666—0.740) | <0.001 79.1 56.3

Abbreviations: AUC, area under the receiver operating characteristic curve; TyG, triglycerides/glucose
index; HOMA-IR, homeostasis model assessment of insulin resistance.

Among them, the AUC value and 95% CI for TyG index were the nearest rival that for HOMA-IR and were slightly
higher than that for TG/HDL-C, but were significantly higher than that for LDL-C/HDL-C. The cut-off point of TyG
index, TG/HDL-C, LDL-C/HDL-C and HOMA-IR for predicting GDM were 7.088, 0.831, 0.928 and 1.8, respectively.
The sensitivity and specificity of TyG index, TG/HDL-C and LDL-C/HDL-C for predicting GDM occurrence were
68.2% and 64.3%, 63.7% and 64.3%, 66.7% and 46.2%, respectively. Compared with HOMA-IR (79.1% and 56.3%),
TyG index and TG/HDL-C have better specificity to predict GDM risk (Table 4 and Figure 2).

Discussion

GDM is characterised as any degree of glucose intolerance first recognised or emerging during pregnancy. Worldwide,
GDM affects up to 16.5% of pregnant women, with its incidence steadily rising."' Currently, GDM screening during
pregnancy typically involves an Oral Glucose Tolerance Test (OGTT) administered at 24 to 28 weeks gestation,
providing limited time for at-risk pregnant women to mitigate blood glucose levels through dietary, exercise, or medical
interventions. Consequently, it becomes imperative for pregnant women to identify high-risk individuals for GDM
utilising simple and effective indicators, enabling prompt and effective interventions.

The high-insulin positive glucose clamp test stands as the gold standard for ascertaining insulin resistance,'? primarily
employed in scientific research due to its high cost and time-intensive nature. Conversely, the widely utilised HOMA-IR'? is
constrained by the necessity to detect insulin in clinical practice. However, alternative surrogate markers of insulin resistance,
such as the TyG index, are gaining prominence owing to clinicians’ imperative to meaningfully evaluate insulin resistance
without measuring insulin levels. Hence, it becomes imperative to actively seek simple and economical alternatives and
biomarkers for predicting insulin resistance in the early stages of the disease. Guerrero et al'* conducted a hyperinsulin-
positive glucose clamp test on subjects, comparing it with the TyG index, revealing the latter’s high sensitivity and specificity in
recognising insulin resistance. Son et al’s® findings suggested that the TyG index surpasses HOMA-IR in predicting Metabolic
Syndrome (MetS). Li et al'” identified an independent correlation between the rise of the TyG index and an increased risk of
diabetes in Chinese adults, signifying the TyG index as a reliable predictor of diabetes risk in high-risk groups. A Peruvian
study'® demonstrated a positive correlation between the TG/HDL-C ratio and HOMA-IR in normal-weight adults, establishing it
as a clinically useful tool for assessing insulin resistance. In pregnancy-related investigations, Pazhohan et al’s'” results indicated
the TyG index as a potent indicator for predicting GDM in early pregnancy. A Korean study involving 380,208 first-pregnant
women'® revealed that an increase in the TyG index before pregnancy correlates with the risk of GDM, suggesting its potential as
an early marker for GDM. You et al' ? found that the TG/HDL-C ratio during 10—14 weeks can aid in identifying pregnant women
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Figure 2 ROC curve analysis of four indexes for predicting gestational diabetes.

at risk of GDM, enabling early and effective treatment to enhance prognosis. However, a study performed by Sanchez-Garcia
et al* did not support the use of the TyG index to predict GDM in Latin American women. In conclusion, the TyG index and TG/
HDL-C ratio prove useful for the early identification of insulin resistance and Type 2 Diabetes Mellitus high-risk groups in the
general population. The relationship between the TyG index and TG/HDL-C ratio in the first trimester and the risk of GDM
during pregnancy in pregnant women warrants further exploration.

In prior studies, these screening tools were utilised solely as clinical markers of insulin resistance. To date, there are
limited direct comparative data for the four indicators in predicting HOMA-IR and GDM during pregnancy. This study
comprehensively assessed the correlation between four indicators, including the TyG index in early pregnancy, and the
risk of GDM in pregnant women. Our findings revealed that women who developed GDM exhibited significantly
elevated TyG, TG/HDL-c, LDL-C/HDL-C ratios in early pregnancy compared to controls (all P<0.001). The TC/
HDL-C in the GDM group was higher than that in the control group, although statistical significance was not observed.
Correlation analyses indicated that TyG, TG/HDL-C, LDL-C/HDL-C, and TC/HDL-C were all significantly correlated
with the HOMA-IR index (all P<0.001). Among these, TyG emerged as an independent risk factor for HOMA-IR.
Given that HOMA-IR is an acknowledged indicator of insulin resistance, its predictive capacity for GDM was
scrutinised through ROC curve analysis for comparison with the four indices. According to the ROC analysis results,
the AUC of GDM predicted by HOMA-IR was 0.703 (0.666—0.740), with a sensitivity of 79.1% and specificity of
56.3%. In contrast, the AUC of GDM predicted by TyG was 0.692 (0.653—0.731), with a sensitivity of 68.2% and
specificity of 64.3%. TG/HDL-C predicted GDM with an AUC of 0.664 (95% CI 0.623—0.704, P < 0.001), sensitivity
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of 63.7%, and specificity of 64.3%. Both TyG and TG/HDL-C ratio exhibited lower sensitivity than HOMA-IR but
higher specificity.

It is noteworthy that the TyG index exhibits high specificity and sensitivity in predicting GDM risk. In comparison to the
classical insulin resistance indicator HOMA-IR, the sensitivity for GDM prediction was lower than that of HOMA-IR (68.2%
vs 79.1%) and higher than the specificity (64.3% vs 56.3%). The sensitivity of LDL-C/HDL-C in predicting GDM was akin to
the aforementioned indices, with a concurrently low specificity. TC/HDL-C ratio exhibited poor predictive capability for
GDM. Hence, TyG and TG/HDL-C can serve as simple and alternative methods for identifying individuals at risk for insulin
resistance and GDM. This outcome aligns with the conclusions of a Chinese study,”’ wherein a meta-analysis encompassing
five cohort studies involving 382,213 women demonstrated that the TyG index independently predicted the risk of developing
GDM in Asian women. Another study carried out by Li et al** similarly indicated a significant correlation between the TyG
index in early pregnancy and the risk of GDM. Consequently, the TyG index emerges as a valuable predictor of GDM,
standing as the most promising screening marker for effective GDM prediction.

Pregnancy induces a unique state of stress in the mother, representing a period marked by substantial alterations in both the
form and physiology of women. Concurrently supplying energy to the fetus, considerable physiological transformations transpire
in the mother’s glucose and lipid metabolism deemed a biologically imperative mechanism for furnishing fuel and nutrition to the
developing fetus.”> While the precise mechanism underlying the association between the TyG index and TG/HDL-C and GDM
remains elusive, it is plausible that insulin resistance may be implicated. In pregnant women, heightened estrogen levels and
insulin resistance can enhance hepatic lipid synthesis.>* Early in pregnancy, there is an upsurge in blood lipid and triglyceride
production, leading to elevated blood levels of free fatty acids. Elevated-free fatty acids may compromise insulin sensitivity,’
establishing a detrimental cycle between elevated triglyceride levels and IR, potentially culminating in impaired glucose
tolerance and the onset of diabetes.”® Reduced insulin secretion, diminished insulin sensitivity, and attenuated AMP-activated
protein kinase activity represent conceivable consequences of low HDL-C levels on glucose homeostasis.>’**

The HOMA-IR distribution exhibits variation in accordance with the demographic characteristics of the subjects, including
age, gender, and ethnicity, thereby posing a challenge in determining the optimal cut-off point. While the TyG index and TG/
HDL-c ratio are readily obtainable and calculable in clinical practice or large-scale epidemiological investigations, there exists
limited data at present for establishing the optimal cut point for the TG/HDL-c ratio of the TyG index. Consequently, it becomes
imperative to deliberate upon and ascertain the cut-off point for maternal TyG index and TG/HDL-c ratio in the first trimester, as
a substitute for HOMA-IR. In a comprehensive prospective study on GDM conducted in China, the optimum predictive cutoff for
TyG was determined to be 8.55,%* a value higher than that observed in our study. Consequently, additional investigations are
warranted to elucidate the optimal inflection point of the TyG index and TG/HDL-c ratio for GDM prediction.

It is imperative to acknowledge certain limitations in the present study. The cross-sectional nature of the study,
coupled with a relatively modest sample size, precludes the establishment of causal relationships. Conversely, the study
lacked comprehensive data collection on factors such as dietary habits, family history, and previous pregnancies, all of
which could potentially serve as confounding variables.

Conclusion

In summation, the TyG index and TG/HDL-C ratio emerge as viable alternatives to HOMA-IR, exhibiting predictive
utility in anticipating the onset of GDM, with the TyG index demonstrating superior performance compared to the TG/
HDL-C ratio.
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