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Triglyceride-glucose index and triglyceride-
to-high-density lipoprotein cholesterol ratio
in predicting severity of acute pancreatitis:
a cross-sectional clinical study

Yakun Wang', Zhenfei Yu', Limei Yu' and Chen Li"

Abstract

Background The aim of this study is to investigate the correlation of triglyceride-glucose (TyG) index and
triglyceride-to-high-density lipoprotein cholesterol (TG/HDL-C) ratio with acute pancreatitis (AP), and to compare the
predictive value of the two indexes for severe AP (SAP).

Methods This study was a clinical cross-sectional study. Spearman’s correlation, logistic regression analysis and
receiver operating characteristic (ROC) curves were used to investigate the relationship between the TyG index and
TG/HDL-C ratio with SAP.

Results Of the 311 enrolled AP patients, the mean age was 62.59+9.03 years, and 131 (42.12%) were male. A total of
34 (10.93%) patients met the diagnostic criteria for SAP. The results of Spearman’s correlation showed that TyG index
(Spearman rho=0.262; p<0.001), TG/HDL-C ratio (Spearman rho=0.206; p <0.001) were associated with SAP. Logjistic
regression analysis showed that TyG index was independently and positively correlated with SAP [odds ratio (OR),
4.311;95% confidence interval (Cl), 1.222-15.208; p=0.023]. However, this association was not further confirmed on
TG/HDL-C ratio (OR, 2.530; 95% Cl, 0.883-7.251; p=0.084). According to the ROC curve analysis, the area under the
curve (AUQ) for TyG index was 0.712 (p <0.001), and the AUC for TG/HDL-C ratio was 0.691 (p < 0.001).

Conclusions TyG index and TG/HDL-C ratio have different diagnostic values in AP patients. And the TyG index may
be a more useful auxiliary tool for predicting SAP.
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Background

Acute pancreatitis (AP) is a common inflammatory dis-
ease of the digestive system worldwide [1, 2]. Although
AP is primarily a self-limited disease, approximately 15%
of AP cases progress to more severe disease [3]. Patients
with severe AP (SAP) suffer from persistent organ failure
and infected pancreatic necrosis [4, 5]. And the mortality
rate of SAP can be as high as 30%, posing a great threat to
the safety of patients’ lives and property [6, 7]. However,
the value of AP-related predictors is currently limited.
Therefore, early detection and reasonable assessment of
SAP are of great significance for adjusting the treatment
regimen and reduce the occurrence of complications.

Insulin resistance (IR) is associated with a variety of
metabolic disorders [8]. Hyperglycemia and hypertriglyc-
eridemia are the two most common metabolic disorders
in AP, both of which can increase the risk of AP infec-
tion [9-11]. Studies have shown that IR is an important
mechanisms in the pathogenesis of AP, and can affect the
prognosis and severity of AP [12, 13]. Currently, the gold
standard for evaluating IR is hyperinsulinemic-euglyce-
mic clamp technique, which is difficult to apply in large-
scale cohort studies [14]. As a novel marker reflecting
IR, TyG index and triglyceride to high-density lipopro-
tein cholesterol (TG/HDL-C) ratio have the advantage
of simplicity and ease of availability [15-17]. TyG index
has been shown to be associated with the development
of metabolic syndrome and adverse outcomes of cardio-
vascular and cerebrovascular events [18, 19]. As another
important indicator of dyslipidemia, high TG/HDL-C
ratio is associated with increased risk of cardiovascular
diseases, metabolic syndrome and other diseases [20,
21]. However, there are few studies on the relationship
between TyG index and TG/HDL-C ratio with AP, and
further studies are needed.

Given the close relationship between IR and AD, it is
reasonable to infer that TyG index and TG/HDL-C ratio
are also closely related to AP. Therefore, the aim of this
study was to investigate the association of TyG index and
TG/HDL-C ratio with AP. The early predictive ability of
the two indicators for SAP was compared to provide a
basis for the early evaluation of SAP.

Methods

Study design and participants

This study was a single-center, clinical cross-sectional
study. The clinical data of 311 patients with AP in our
hospital from January 2020 to March 2024 were collected.
Inclusion criteria: (1) age>18 years old; (2) AP was diag-
nosed by doctors; Exclusion criteria: (1) complicated with
other infectious diseases; (2) severe basic heart, lung, or
renal insufficiency; severe immunosuppression or hema-
tological diseases; (3) acute onset of chronic pancreatitis
or idiopathic pancreatitis; (4) concurrent malignant or
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benign tumors; (5) patients with severe cognitive impair-
ment or mental illness; (6) pregnancy or lactation; And
(7) lack of complete data.

This study was approved by the Research Ethics Com-
mittee of Hangzhou Hospital of Traditional Chinese
Medicine (batch number: 2021KY057). The study was
conducted in accordance with the principles of the Dec-
laration of Helsinki.

Clinical data

By reviewing the inpatient electronic medical record
system, the clinical data of the patients were collected,
including baseline information such as gender, age,
disease severity, and other baseline information. The
relevant laboratory indicators, abdominal imaging indi-
cators, comorbidities and related complications were also
collected. All laboratory indicators were obtained by fast-
ing peripheral venous blood sampling within 24 h after
admission, including blood routine, C-reactive protein
(CRP), blood calcium, fasting blood glucose, triglyceride,
high-density lipoprotein, low-density lipoprotein, total
cholesterol, uric acid, creatinine, etc. Abdominal imag-
ing examination including ultrasound, computed tomog-
raphy, magnetic resonance imaging, etc. The TyG index
was calculated using the following formula: In [fasting
triglycerides (mg/dL)xfasting blood glucose (mg/dL) /2]
[22]. The TG/HDL-C ratio was calculated using the for-
mula TG (mg/dL) /HDL-C (mg/dL) [23].

Diagnostic criteria for AP and SAP

According to the revised Atlanta criteria, the diagnosis of
AP can be made clinically when two or more of the fol-
lowing three features are present: (1) severe and persis-
tent epigastric pain; (2) serum amylase or lipase exceeds
three or more times the upper limit of normal; and (3)
imaging findings on ultrasonography, computed tomog-
raphy, or magnetic resonance imaging meet the charac-
teristics of AP.

AP severity was categorized as mild, moderate to
severe, and severe according to the revised Atlanta 2012
criteria. Mild AP: no organ failure and local or systemic
complications; moderate to severe AP: transient organ
failure resolved within 48 h with local or systemic com-
plications; severe AP (SAP): associated with organ fail-
ure for more than 48 h. Complications associated with
AP include systematic inflammatory reaction syndrome
(SIRS), organ failure, acute peripancreatic effusion, acute
accumulation of necrosis, pulmonary infection, liver
injury, pleural effusion, and ascites [24, 25].

Statistical analyses

Normally distributed continuous variables are expressed
as mean *standard deviation and compared using Stu-
dent’s t-test or one-way analysis of variance (ANOVA).
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Non-normally distributed continuous variables are
expressed as median and quartile spacing, and the
Mann-Whitney U test was used for comparison between
groups. Categorical variables are expressed as counts and
percentages and were compared using the chi-square
test. Spearman’s correlation was used to analyze the rela-
tionship between SAP and various clinical parameters.
Univariate and adjusted multivariate logistic regression
analyses were used to analyze the relationship between
SAP and TyG index, TG/HDL-C ratio. Receiver operat-
ing characteristic (ROC) curve analysis was performed
to evaluate the diagnostic value of TyG index and TG/
HDL-C ratio for SAP. Statistical analysis was performed
using SPSS software (version 26.0, SPSS, Chicago, IL,
USA). A p value of 0.05 was considered to be statistically
significant. Furthermore, for figures, Prism version 9.0
(GraphPad Software, La Jolla California, USA) was used.

Results

General information

A total of 311 AP patients hospitalized in our hospi-
tal were included in this study, of whom 34 (10.93%)
patients met the diagnostic criteria for SAP. Compared
with patients in the non-SAP group, the average age of
SAP was not significantly different (62.90+8.90 years
vs. 60.03+9.85 years, p=0.080), and the BMI was sig-
nificantly higher (24.74+3.65 kg/m? vs. 27.90+4.56 kg/

Table 1 Characteristics of study participants
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m? p<0.001). Of these, CRP was significantly increased
in the SAP group [25.79 (20.86-30.62) mg/L vs. 32.15
(25.81-76.13) mg/L, p<0.001], and the number of deaths
was significantly higher (p <0.001). There were no statis-
tically significant differences between the two groups in
gender, tobacco use, alcohol consumption, albumin or
other parameters (Table 1).

Association between TyG index and TG/HDL-C ratio with
SAP

To further confirm our conclusions, we divided the TyG
index and TG/HDL-C ratio into three groups according
to tertiles. The prevalence of SAP increased with increas-
ing TyG index and TG/HDL-C ratio (Fig. 1). Importantly,
the SAP rate in the highest TyG tertile (T3: 8.53-10.36)
was significantly higher than in the lowest tertile
(T1:6.57-8.01) (p<0.001).

Spearman’s correlation was performed to analyze the
relationship between TyG index and TG/HDL-C ratio
with SAP. The results showed that TyG index (Spearman
rho=0.262; p<0.001) and TG/HDL-C ratio (Spearman
rho=0.206; p<0.001) were significantly associated with
SAP. Among them, TyG index had a better correlation
with SAP (Table 2).

Subsequently, binary logistic regression analysis was
conducted to further explore the relationship between
TyG index and TG/HDL-C ratio with SAP (Table 3).

Variable Total SAP Non-SAP pValue
Number of participants, (n) 311 34 277 -
Sex (male/female), (n) 131/180 14/20 117/160 0.906
Age, (y) 62.59+9.03 60.03+£9.85 62.90+8.90 0.080
BMI, (kg/m?) 25.08+3.88 27.90+4.56 24.74+3.65 <0.001
Tobacco use, n (%) 58 (18.65%) 7 (20.59%) 51 (1841%) 0.758
Alcohol consumption, n (%) 77 (24.76%) 10 (29.41%) 67 (24.19%) 0.505
Diabetes, n (%) 116 (37.30%) 18 (52.94%) 98 (35.38%) 0.046
Hypertension, n (%) 240 (77.17%) 31(91.18%) 209 (75.45%) 0.039
Causes of AP, (n)

cholelithiasis 135 13 122

alcohol consumption 59 7 52

hyperlipemia 117 14 103
Death toll, (n) 6 6 0 <0.001
Fasting plasma glucose, (mmol/L) 3.87 (3.37-4.98) 441 (3.52-5.96) 3.83(3.37-4.83) 0.042
TG, (mmol/L) 1.19 (0.90-1.65) 1.79 (1.12-342) 1.18 (0.87-1.58) <0.001
TyG index 8.34+0.72 8.88+0.80 8.28+0.68 <0.001
Total cholesterol, (mmol/L) 425+1.09 4114125 427+1.07 0397
HDL-C, (mmol/L) 0.99+0.27 1.04£032 0.99+0.26 0.279
LDL-C, (mmol/L) 2.59+0.86 248+0.93 261+0.86 0.435
TG/HDL-C 2.07(143-2.83) 3.03 (1.80-4.07) 2.02 (142-2.67) <0.001
Hemoglobin, (g/L) 123.89+22.02 125.03+20.37 123.75+22.25 0.751
Albumin, (g/L) 3942+4.42 40.26+2.92 39.32+457 0.244
CRP, (mg/L) 25.82 (20.89-31.60) 32.15(25.81-76.13) 25.79 (20.86-30.62) <0.001

BMI, body mass index; AP, acute pancreatitis; SAP, severe acute pancreatitis; TG, triglyceride; TyG index, triglyceride-glucose index; HDL-C, high-density lipoprotein

cholesterol; LDL-C, low-density lipoprotein cholesterol; CRP, C-reactive protein
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Table 2 Correlation of TyG index and TG/HDL-C ratio with SAP

Variable r pValue
TyG index 0.262 <0.001
TG/HDL-C 0.206 <0.001

SAP, severe acute pancreatitis; TyG index, triglyceride-glucose index; TG,
triglyceride; HDL-C, high-density lipoprotein cholesterol

In the univariate analysis, the TyG index [odds ratio
(OR), 5.378; 95% confidence interval (CI), 1.950-14.831;
p=0.001] and TG/HDL-C ratio (OR, 3.679; 95% CI,
1.496-9.051; p=0.005) were significantly associated with
SAP. Factors with p<0.2 in univariate logistic regres-
sion and factors considered clinically influential were
gradually included in the multivariate logistic regression
model. As shown in Table 3, after adjusting for age, gen-
der, BMI, causes of AP, diabetes, hypertension, alcohol

Table 3 Multivariate logistic regression analysis
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consumption and CRP, multivariate analysis showed
that the TyG index (OR, 4.311; 95% CI, 1.222-15.208;
p=0.023) was significantly associated with SAP. TyG
index was an independent risk factor for SAP, and the
risk of SAP increased 4.311-fold for every unit increase
in TyG index.However, the TG/HDL-C ratio (OR, 2.530;
95% CI, 0.883-7.251; p=0.084) was not significantly
associated with SAP.

The diagnostic value of TyG index and TG/HDL-C ratio in
SAP

ROC curve was used to analyze the diagnostic value of
TyG index and TG/HDL-C ratio for SAP (Fig. 2). Accord-
ing to the ROC curve analysis, the area under the curve
(AUC) for the TyG index was 0.712 (p<0.001). The cut-
off value of the TyG index was 8.39 with a sensitivity of

Model 1 Model 2 Model 3

OR(95% Cl) p Value OR(95% Cl) p Value OR(95% Cl) p Value
TyG index
T1(6.57-8.01) Ref. Ref. Ref. -
T2(8.02-8.52) 1.429(0.438-4.656) 0.554 1.268(0.385-4.181) 0.696 1.539(0.404-5.871) 0.528
T3(8.53-10.36) 5.378(1.950-14.831) 0.001 4.520(1.606-12.722) 0.004 4.311(1.222-15.208) 0.023
TG/HDL-C
T1(0.30-1.62) Ref. Ref. Ref. -
T2(1.63-2.53) 0.693(0.213-2.257) 0.542 0.581(0.176-1.925) 0.375 0.609(0.170-2.179) 0446
T3(2.55-10.73) 3.679(1.496-9.051) 0.005 3.155(1.260-7.900) 0.014 2.530(0.883-7.251) 0.084

Model 1: Unjusted
Model 2: Age, Sex, BMI

Model 3: Age, Sex, BMI, Causes of AP, Diabetes, Hypertension, Alcohol consumption, CRP

BMI, body mass index; AP, acute pancreatitis; CRP, C-reactive protein
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Fig. 2 Receiver-operating characteristics (ROC) curves of TyG index and TG/HDL-C
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73.50% and specificity of 64.30%. The AUC for the TG/
HDL-C ratio was 0.691 (p<0.001) and the cutoff value of
the TG/HDL-C ratio was 2.86 with a sensitivity of 61.80%
and specificity of 81.60%. The results show that TyG
index has a better test efficiency for SAP.

Discussion

AP is a common cause of emergency digestive system
diseases, which can progress to involve multiple organs
and cause serious complications [26, 27]. Pancreatic
inflammation is the main pathophysiological process of
AP. Inflammation accompanied with metabolic abnor-
malities and IR will increase the incidence of AP and the
risk of SAP [28]. In this clinical cross-sectional study,
we investigated the relationship between TyG index and
TG/HDL-C ratio with SAP. The results showed that TyG
index and TG/HDL-C ratio were associated with SAP. It
is worth noting that TyG index has better test power for
SAP and is an independent risk factor for SAP.

Insulin resistance, a chronic inflammatory state charac-
terized by decreased sensitivity of the body to insulin, is
the intersection of several key health problems, including
obesity, metabolic syndrome, and diabetes [29, 30]. Met-
abolic abnormalities and IR may trigger and aggravate
AP, resulting in serious adverse outcomes [31]. Several
studies have shown a significant association between IR
and SAP [9, 12, 32]. IR can promote the body to release
proinflammatory factors, thereby amplifying the ability
of the immune response and ultimately aggravating the
incidence of SAP [33]. In recent years, the TG/HDL-C
ratio and TyG index were proposed to be useful biomark-
ers for IR identification because of their significant cor-
relation with hyperinsulinemic-euglycemic clamp results
[19, 20]. Park et al. analyzed 373 AP patients, and showed
that TyG index was an independent prognostic factor for
AP patients, and could be used as a simple prognostic
indicator for SAP [34]. Huang et al. demonstrated a posi-
tive correlation between TG/HDL-C ratio and SAP [17].
The TG/HDL-C ratio reflects lipid metabolism in IR,
whereas the TyG index is calculated using fasting TG and
glucose levels and reflects the interaction between lipid
and glucose metabolism [35]. Each IR index represents a
different aspect of insulin resistance, so we believe that
there are differences in the predictive ability of these sur-
rogate measures for SAP [14]. Although TG/HDL-C ratio
and TyG index have been investigated in a small number
of clinical studies, there is a lack of comparison of their
effectiveness in predicting the clinical outcome of SAP
patients.

Our study illuminates several important and novel find-
ings. Firstly, TyG index and TG/HDL-C ratio were sig-
nificantly higher in the SAP group than in the non-SAP
group. With the increase of TyG index and TG/HDL-C,
the prevalence of SAP seems to show an increasing trend.
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Among them, the number of patients with a history of
diabetes in the SAP group was significantly higher than
that in the non-SAP group. Previous studies have demon-
strated a significant correlation between hyperglycemia
and increased susceptibility to AP [36, 37]. Hyperglyce-
mia is a powerful trigger that can not only increase the
production of inflammatory substances, but also cause
blood viscosity to worsen due to abnormally elevated
lipid and uric acid levels. Further more cellular meta-
bolic disorders, which then develop into tissue inflam-
matory exudates, hyperplasia and the development of
other lesions, all of which contribute to the occurrence
and development of AP [38, 39]. Since TyG index reflects
the interaction between lipid and glucose metabolism,
it is reasonable to assume that it is more comprehen-
sive and accurate than TG/HDL-C ratio, which reflects
lipid metabolism. Secondly, after adjusting for age, gen-
der, BMI, causes of AP, diabetes, hypertension, alcohol
consumption, CRP and other clinical confounding fac-
tors, logistic regression results showed that TyG index
was independently and positively correlated with SAP.
However, there was no significant statistical difference
between the TG/HDL-C ratio and SAP. The TG/HDL-C
ratio is a simple combination of blood lipid indicators,
which may be more suitable for focusing on screening
the risk of acute pancreatitis associated with hypertri-
glyceridemia. Finally, the results of ROC curve further
confirmed the superiority of TyG index in predicting
SAP (AUC=0.712, p<0.001). In summary, the TyG
index, by integrating dual signals of metabolic disorders
and inflammatory responses, offers a non-invasive and
effective biomarker for assessing the risk of SAP. While
additional multicenter studies are required to confirm its
universality, its potential for early identification of high-
risk patients and optimization of clinical decision-mak-
ing has been preliminarily validated.

It is crucial to highlight that AP is a multifaceted issue
influenced by numerous factors and causes, with IR being
one of the significant pathological factors. Effective life-
style management is essential to prevent the onset of AP
and to enhance metabolic risk factors associated with
IR [40]. Techniques that incorporate moderate energy
restriction, regular physical activity, and dietary behav-
ior modification have been demonstrated to be effective
strategies for managing insulin resistance and metabo-
lism [41]. Despite the efforts made in this study, there are
still several limitations that should be mentioned. This
study employed a cross-sectional design, indicating that
it cannot establish a causal relationship between a higher
TyG index and SAP. Furthermore, the limited number of
SAP cases (n=34) may have constrained the statistical
power of the analysis. Future research, particularly larger
multicenter studies, should aim to validate these findings.
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Conclusions

TyG index and TG/HDL-C ratio have different diagnostic
values in AP patients. And the TyG index can more com-
prehensively reflect the IR and the degree of metabolic
disorders in patients with AP. The TyG index may be a
useful auxiliary tool for predicting SAP, but its value as a
standalone tool needs more research.

Abbreviations

ANOVA One-way analysis of variance

AP Acute pancreatitis

AUC The area under the curve

BMI Body mass index

cl Confidence interval

CRP C-reactive protein

HDL-C High-density lipoprotein cholesterol

R Insulin resistance

LDL-C Low-density lipoprotein cholesterol

OR Odds ratio

ROC Receiver operating characteristic

SAP Severe acute pancreatitis

SIRS Systematic inflammatory reaction syndrome
TG Triglyceride

TG/HDL-C  Triglyceride-to-high-density lipoprotein cholesterol
TyG Triglyceride-glucose
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