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Relationship between TG/HDL-C Ratio  
and TyG Index with Chronic Inflammation  
in People with Prediabetes:  
A Cross-Sectional Study

ABSTRACT
Objective: Prediabetes is an insulin resistance (IR) 
condition. The triglyceride (TG)/high-density lipopro-
tein cholesterol (HDL-C) ratio and triglyceride-glucose 
(TyG) index were associated with prediabetes and IR 
condition which are related to cardiovascular disease 
(CVD). High sensitive-CRP (hs-CRP) is a marker of in-
flammation that is closely related to CVD. The aim of 
this study is to determine the correlation between TG/
HDL-C ratio and TyG index with hs-CRP as a marker of 
chronic inflammation in impaired fasting glucose (IFG).
Material and methods: An observational study with 
a cross-sectional approach involved 92 people with 
prediabetes in Makassar City, Indonesia, in February 
2022. Research subjects were participants of Makassar 
Lipid and Diabetes Study aged 18–70 years who met 
inclusion criteria. Triglyceride, HDL-C, fasting plasma 
glucose (FPG), and hs-CRP were examined. Level of hs-
CRP > 3–10 mg/L is a high risk of CVD. Prediabetes is 
defined by fasting plasma glucose of 100–125 mg/dL. 

Statistical analysis was performed using Kruskal-Wallis 
and Chi-Square tests. 
Results: The mean TG/HDL-C ratio was 4.88, the mean 
TyG index was 4.92, and the mean hs-CRP level was 
4.53 ± 2.91 mg/L. There was no statistically significant 
relationship between TG/HDL-C ratio and high hs-CRP 
levels in people with prediabetes (p = 0.45). There 
was no statistically significant relationship between 
the TyG index and high hs-CRP levels in people with 
prediabetes (p = 1.00).
Conclusions: There is no statistically significant rela-
tionship between TG/HDL-C ratio or TyG index and hs-
CRP in people with prediabetes defined by IFG. (Clin 
Diabetol 2022; 11; 5: 321–325)

Keywords: TG/HDL-C ratio, TyG index, hs-CRP, 
prediabetes

Introduction
Prediabetes is a condition that refers to the intermedi-

ate stage of dysglycemia where glucose levels are in the 
range between normoglycemia and diabetes. Prediabetes 
is used to identify individuals who are at risk of diabetes 
and associated high risk of cardiometabolic events [1]. In 
people with prediabetes, insulin resistance (IR) has been 
found where there is an increase in inflammatory factors 
such as C-reactive protein (CRP), interleukin-6 (IL-6), tumor 
necrosis factor-a (TNF-a), and other proinflammatory 
cytokines [2, 3]. Inflammation is thought to be the key 
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mechanism in the pathogenesis of atherosclerosis, from 
the formation and progression of the plaque to its rupture, 
and stent restenosis. Vascular inflammatory changes can 
hardly be evaluated using imaging methods, so testing 
inflammatory biomarkers in the blood is important. Cur-
rently, high sensitive-CRP (hs-CRP) is one of the markers of 
chronic inflammation that is closely related to the risk of 
cardiovascular disease (CVD) [4].

The ratio of serum triglyceride (TG) to high-density 
lipoprotein cholesterol (HDL-C) is known as the plasma 
atherogenic index and is one of the risk factors for CVD 
and metabolic syndrome [5]. The simultaneous use of 
TG and HDL-C in a ratio is more useful than isolated lipid 
values as it more closely reflects the complex interac-
tions of lipoprotein metabolism and can better predict 
plasma atherogenicity [6]. Studies show that hypertri-
glyceridemia and low HDL-C levels are the two major 
metabolic disorders associated with IR. A study by Yeh 
W.C. et al. [7] showed that a significantly increased TG/ 
/HDL-C ratio was closely associated with insulin resist-
ance and could be used as an indicator of IR.

An additional marker associated with IR is triglyc-
eride-glucose (TyG) index [5]. The TyG index calculated 
by the formula [Ln (fasting TG level (mg/dL) × fasting 
plasma glucose (mg/dL)/2)]. A high TyG index is signifi-
cantly associated with a higher risk of developing type 
2 diabetes [8]. The TyG index has been shown to be  
a simple, efficient, and clinically useful surrogate marker 
for IR. Two recent studies showed that the TyG index 
was closely correlated with the homeostasis model as-
sessment of insulin resistance index (HOMA-IR). Several 
other studies reported that the TyG index value was su-
perior in estimating IR compared to HOMA-IR. Elevated 
hs-CRP carries a much higher risk of developing IR. The 
study by Kim R.G. et al. [9] reported that high levels of 
hs-CRP caused systemic inflammation independent of 
IR as measured by the TyG index.

This study aimed to determine the correlation 
between TG/HDL-C ratio and TyG index with hs-CRP as 
a marker of chronic inflammation in people with pre-
diabetes in February 2020 at Makassar City, Indonesia. 
In addition, we also explored the relationship between 
TG/HDL-C ratio and TyG index with hs-CRP levels in as-
sessing the risk of cardiovascular events.

Materials and methods
Research Design 

This was an observational study with a cross-
sectional approach in Makassar City, Indonesia. 

Research subjects 
Research subjects were taken from Makassar Lipid 

and Diabetes Study who were included in the inclusion 

criteria. Research subjects who met the inclusion criteria 
were age range 18–70 years old, fasting plasma glucose 
(FPG) 100–125 mg/dL, and exclusion criteria were type 1  
diabetes, type 2 diabetes, other types of diabetes,  
hs-CRP > 10 mg/L. 

Data collection 
Sampling was done by simple random sampling. 

All blood samples were taken after 12-hour fasting by 
a phlebotomist and were examined in the Hasanuddin 
University Hospital Research Laboratory. High density 
lipoprotein cholesterol and TG used homogenous enzy-
matic colorimetric assay, plasma glucose by enzymatic 
hexokinase, and hs-CRP levels were measured using 
the Diagnostics Biochem Canada Inc kit, by the ELISA 
method. 

Data analysis 
Data analysis was performed using SPSS version 

22. The statistical tests used were Kruskal-Wallis and 
Chi-Square tests. The results were considered significant 
if the p-value < 0.05. 

Ethical clearance 
This study protocol was approved by the Health 

Research Ethics Commission of Hasanuddin University, 
Medical Faculty, following the ethical recommenda-
tions with approval letter number: 60/UN4.6.4.5.31/ 
/PP36/2022. This publication was prepared without any 
external source of funding.

Results
The study was conducted during the period Febru-

ary 2022. During that period, 92 samples were obtained 
that met the inclusion criteria, consisting of 42 males 
and 50 females. The subject characteristics are shown 

Table 1. Subject Characteristics

Variable Male 

(n = 42)

Mean ± SD

Female 

(n = 50)

Mean ± SD

Total 

(n = 92)

Mean ± SD

Age [years] 51.4 ± 7.9 51.9 ± 8.9 51.7  ±  8.4

FPG [mg/dL] 108.2 ± 7.5 108.9 ± 7.7 108.6 ± 7.5

HDL-C [mg/dL] 47.8 ± 11.9 45.1 ± 13.2 46.3 ± 12.6

TG [mg/dL] 194.7 ± 104.1 193.6 ± 107.4 194.1 ± 105.3

TyG index 4.92 ± 0.26 4.92 ± 0.26 4.92 ± 0.26

TG/HDL-C ratio 4.58 ± 3.40 5.13 ± 4.35 4.88 ± 3.93

hs-CRP [mg/L] 5.06 ± 2.91 4.09 ± 2.87 4.53 ± 2.91

FPG — fasting blood glucose; HDL-C — high-density lipoprotein cholesterol; 
hs-CRP — high sensitive C-reactive protein; SD — standard deviation;  
TG — triglyceride; TyG — triglyceride glucose
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in Table 1. The age of the subjects was between 32–69 
years with an average age of 51.7 years. The TG/HDL-C 
ratio ranges from 0.56 to 21.16 with a mean of 4.88. 
The TyG index has a range of 4.11–5.59 with an aver-
age of 4.92. The mean hs-CRP level of the subjects was 
4.53 ± 2.91. Table 2 shows the relationship between 
TG/HDL-C ratio and hs-CRP levels in people with predia-
betes. The value of the TG/HDL-C ratio was divided into 
3 tertiles. Tertiles 1 and 2 are considered low, tertile 3 
is high. The number of tertile 1 subjects (< 2.83) were 
30 subjects, tertile 2 (2.83–4.59) were 31 subjects, 
and tertile 3 (> 4.59) were 31 subjects. There was no 
statistically significant relationship between TG/HDL-C 
ratio and hs-CRP levels (p = 0.38). Table 3 also shows 
the relationship between the TyG index and hs-CRP 
levels in people with prediabetes. The TyG index value 
is divided into 3 tertiles. Tertiles 1 and 2 are considered 
low, tertile 3 is high. The number of tertile 1 subjects 
(< 4.80) were 28 subjects, tertile 2 (4.80–5.01) were 31 
subjects, and tertile 3 (> 5.01) were 31 subjects. There 
was no statistically significant relationship between the 
TyG index and hs-CRP levels (p = 0.58).

The relationship between the TG/HDL-C ratio and 
hs-CRP levels in assessing the risk of cardiovascular 
events is shown in table 3. The hs-CRP levels > 3–10 
mg/L represent chronic inflammation with an increased 
risk of cardiovascular events compared to hs-CRP val-
ues ≤ 3. The TG/HDL-C ratio was divided into high risk 
and low risk and the hs-CRP value was divided into 2, 
low ≤ 3 mg/L and high > 3–10 mg/L. Chi-Square test 
showed that there was no significant relationship be-
tween TG/HDL-C ratio with hs-CRP in assessing the risk 
of cardiovascular events (p = 0.45). Table 4 shows the 
relationship between the TyG index and hs-CRP levels 
in assessing the risk of cardiovascular events. The TyG 

index was divided into high risk and low risk and the 
hs-CRP value was divided into 2, low ≤ 3 mg/L and high 
> 3–10 mg/L. Chi-Square test showed that there was 
no significant relationship between the ratio of TyG 
index and hs-CRP in assessing the risk of cardiovascular 
events (p = 1.00).

Discussion
There were 92 study subjects who met the study 

criteria. In this study, the mean value of HDL-C in male 
patients with prediabetes was 47.8 mg/dL and in female 
patients with prediabetes was 45.1 mg/dL, with the 

Table 2. The Relationship between TG/HDL Ratio and TyG 
Index with hs-CRP Levels in People with Prediabetes

n hs-CRP 

Median (Min–Max)

*p-value

TG/HDL-C ratio

< 2.83 30 5.19 (0.40–9.76) 0.38

2.83–4.59 31 4.05 (0.36–9.68)

> 4.59 31 3.12 (0.42–10.0)

TyG index

< 4.80 28 5.0 (0.36–9.70) 0.58

4.80–5.01 33 3.42 (0.42–9.76)

> 5.01 31 4.0 (0.42–10.0)

*Kruskal-Wallis test
HDL-C — high-density lipoprotein cholesterol; hs-CRP — high sensitive 
C-reactive protein; TG — triglyceride; TyG — triglyceride glucose

Table 3. Relationship of TG/HDL-C Ratio and TyG Index 
with hs-CRP in Assessing the Risk of Cardiovascular Events

hs-CRP *p-value

≤ 3 mg/L  

(low)

> 3–10 mg/L  

(high)

TG/HDL-C ratio

≤ 4.59 (low) 23 38 0.45

> 4.59 (high) 15 16

TyG index

≤ 5.01 (low) 25 36 1.00

> 5.01 (high) 13 18

HDL-C — high-density lipoprotein cholesterol; hs-CRP — high sensitive 
C-reactive protein; TG — triglyceride; TyG — triglyceride glucose.

Table 4. The Relationship between the Ratio of TG/HDL-C 
with High hs-CRP in Prediabetes Subjects Aged < 40 Years 
and Aged ≥ 40 Years

hs-CRP p-value

≤ 3 mg/L 

(low)

> 3–10 mg/L 

(high)

Aged < 40 years

TG/HDL-C ratio

≤ 6.65 (low) 3 3 1.00

> 6.65 (high) 2 1

TyG index

≤ 5.16 (low) 3 3 1.00

> 5.16 (high) 2 1

Aged ≥ 40 years

TG/HDL-C ratio

≤ 4.58 (low) 20 36 0.40

> 4.58 (high) 13 14

TyG index

≤ 5.02 (low) 22 34 1.00

> 5.02 (high) 11 16

HDL-C — high-density lipoprotein cholesterol; hs-CRP — high sensitive 
C-reactive protein; TG — triglyceride; TyG — triglyceride glucose
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overall mean value of 46.3 mg/dL. The mean level of 
TG in this study was 194.1 mg/dL. This result is higher 
than HDL-C and TG levels in people with prediabetes 
in a study conducted by Bhowmik B. et al. [10] and 
Kansal S. et al. [11].

The mean level of hs-CRP in the subjects of this 
study was 4.53 mg/L and this level was categorized as 
high (> 3–10 mg/L). These results are in line with the 
research conducted by Chakarova N. et al. [12] who 
found that people with prediabetes showed significant 
differences in all parameters analyzed, namely total 
cholesterol levels, LDL-C, TG, free fatty acids (FFA), and 
hs-CRP were significantly higher while HDL-C levels 
were significantly lower than in normal subjects, with 
a mean hs-CRP value in patients with IFG of 4.4 mg/L. 
High sensitive C-reactive protein is an inflammatory 
protein that represents a subclinical inflammatory state 
in prediabetes and its levels can be of predictive value in 
the development of atherosclerosis and diabetes. High 
levels of hs-CRP were found in patients with IFG and 
impaired glucose tolerance (IGT) and were significantly 
higher when compared to subjects whose glucose 
tolerance was normal and significantly lower than for 
patients with newly diagnosed diabetes. Insulin resist-
ance is the main determinant of hs-CRP concentration.

The results of this study showed that there was no 
significant relationship between the TG/HDL-C ratio and 
hs-CRP levels as a marker of chronic inflammation in 
people with prediabetes (p = 0.38). This result is differ-
ent from the research conducted by Ramanujapura D.  
et al. [13], in witch total cholesterol, TG, VLDL, and low-
density lipoprotein (LDL) showed a positive correlation 
while HDL-C showed a negative correlation with IR and 
hs-CRP. The ratio of TG/HDL-C and HOMA-IR increased 
significantly in the CHD group. High sensitivity CRP has 
a positive correlation with IR and TG/HDL-C ratio in CHD 
cases. The study conducted by Armato J. et al. [14] in 
1,010 subjects at risk of diabetes showed that those 
with TG/HDL-C ratio in the highest quartile in men (≥ 3.0 
mg/dL) and in women (≥ 2.0 mg/dL) had significantly 
higher blood pressure, poorer lipid profile, were more 
resistant to insulin as assessed by HOMA-IR, and had 
higher hs-CRP values. 

Elevated TG and decreased HDL-C levels are known 
to be associated with the development of diabetes. 
Increased levels of TG induce cell apoptosis by increas-
ing the levels of ceramide and nitric oxide (NO). On 
the other hand, HDL-C stimulates insulin secretion by 
interacting with ABCA1 (ATP G1 binding transporter) 
and inhibiting cell apoptosis [15]. An increase in the 
TG/HDL-C ratio was associated with impaired glucose 
homeostasis and insulin sensitivity better than classical 
lipid biomarkers. In this context, the TG/HDL-C ratio 

may be a useful parameter for relating four separate 
conditions such as inflammation, dyslipidemia, hyper-
glycemia, and atherosclerosis [16].

The results of this study showed that there was 
no statistically significant relationship between the 
TyG index and hs-CRP levels (p = 0.58) as a marker of 
chronic inflammation in people with prediabetes. This 
result is different from the research conducted by Kim 
G.R. et al. [9] who found that individuals with elevated 
hs-CRP levels had a significantly higher likelihood of 
developing IR, and this study confirmed that systemic 
inflammation reflected by high hs-CRP levels had an 
independent effect on IR as calculated by the TyG in-
dex. This study also reports that the TyG index value is 
superior in predicting IR than HOMA-IR. The TyG index 
describes two directions of IR, namely FPG primarily 
reflects hepatic IR whereas fasting TG primarily reflects 
adipocyte IR [8]. 

In acute conditions, hs-CRP levels rise sharply to 
more than 10 mg/L. High sensitive-CRP >1 mg/L is 
known to be associated with a mild risk of cardiovas-
cular disease, levels of 1–3 mg/L are moderate risk, 
whereas >3 mg/dL represents a high risk of cardio-
vascular events. Low-grade inflammation is associated 
with prediabetes [17].

The difference between the results of this study 
and the results of other studies may be due to differ-
ent prediabetes criteria. In this study we adopted IFG 
criteria where the PFG value was ≥ 100 mg/dL and  
< 126 mg/dL, while the study by Kim G.R. et al. used 
2 criteria, IFG and IGT. Although IFG and IGT are both 
characterized by b cell dysfunction, the insulin secre-
tory defect in IFG differs from that of IGT. Impaired 
glucose tolerance subjects have impaired late-phase 
insulin secretion and increased IR in skeletal muscle. 
In contrast, IFG subjects have impaired early-phase 
insulin secretion and increased IR in the liver. People 
with isolated IFG are more resistant to insulin, and those 
with isolated IGT show more severe insulin secretion 
deficits [18]. Insulin resistance in skeletal muscle is the 
main abnormality in diabetes, while IR in the liver is 
the beginning of hyperglycemia, which in turn causes 
a decrease in b cell function resulting in an increase in 
FPG levels [19]. Decreased hepatic insulin sensitivity, 
which is reflected by the HOMA-IR insulin sensitivity 
index,  is detected early in patients with isolated IFG, 
while subjects with isolated IGT do not have hepatic 
insulin resistance, which may cause their FPG levels to 
be normal [20].  

This study has several limitations. First, we did not 
perform an oral glucose tolerance test to include the 
IGT group as prediabetes. Second, factors that could 
affect IR activity and hs-CRP levels such as age, alcohol, 
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smoking, diet, and drugs were also not taken into ac-
count in this study. 

Conclusions 
There is no statistically significant relationship 

between TG/HDL-C ratio or TyG index and hs-CRP as  
a marker of chronic inflammation in people with pre-
diabetes defined by IFG.
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