International Journal of Public Health Science (1JPHS)
Vol. 13, No. 3, September 2024, pp. 1039~1046
ISSN: 2252-8806, DOI: 10.11591/ijphs.v13i3.24035 0 1039

Triglyceride to high-density lipoprotein cholesterol ratio as a
marker of non-alcoholic fatty liver disease in type 2 diabetes

Robert Dwitama Adiwinoto?, Agung Pranoto?, Titong Sugihartono?®, Soebagijo Adi Soelistijo?,

Ronald Pratama Adiwinoto*

!Internal Medicine Subspecialty Study Program, Faculty of Medicine, Airlangga University
(partner with Dr. Soetomo General Academic Hospital), Surabaya, Indonesia
2Division of Endocrinology, Diabetes, and Metabolism, Department of Internal Medicine, Faculty of Medicine, Airlangga University
(partner with Dr. Soetomo General Academic Hospital), Surabaya, Indonesia
®Division of Gastroentero-Hepatology, Department of Internal Medicine, Faculty of Medicine, Airlangga University
(partner with Dr. Soetomo General Academic Hospital), Surabaya, Indonesia
“Department of Public Health, Faculty of Medicine, Hang Tuah University, Surabaya, Indonesia

Article Info

ABSTRACT

Article history:

Received Oct 9, 2023
Revised Dec 4, 2023
Accepted Dec 13, 2023

Keywords:

Hepatic steatosis

Insulin resistance
NAFLD

TG/HDL-C ratio

Type 2 diabetes mellitus

Type 2 diabetes mellitus (T2DM) and non-alcoholic liver disease (NAFLD)
shared a common feature, insulin resistance (IR), which is marked by a
change in the lipoprotein fraction, namely increased triglycerides (TG) and
decreased high-density lipoprotein cholesterol (HDL-C) levels. Blood lipids
are routinely examined in T2DM patients; thus, our study aimed to
investigate the performance of TG/HDL-C ratio values to identify hepatic
steatosis, the earliest manifestation of nonalcoholic fatty liver disease
(NAFLD), in T2DM patients. One hundred adult T2DM patients over 30
years old were recruited from the diabetes outpatient clinic at the
Dr. Soetomo General Academic Hospital from August to October 2023.
Data regarding sociodemographics, medication, glycosylated hemoglobin
(HbAZXc), lipid profiles, and FibroScan with controlled attenuation parameter
(CAP) were collected from all participants. The group with hepatic steatosis
(CAP>237 dB/m) had a higher body mass index (BMI), higher TG levels,
and TG/HDL-C ratio values. The TG/HDL-C ratio was significantly
correlated with CAP values. Hepatic steatosis can be identified using the
TG/HDL-C ratio with a cut-off value of 2.83 (sensitivity:72.4%;
specificity:71.4%). An elevated TG/HDL-C ratio is associated with a higher
risk (OR:6.562; p<0.05) of having hepatic steatosis. The TG/HDL-C ratio is
a potential marker to predict NAFLD in T2DM patients.
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1. INTRODUCTION

Indonesia is one of the top ten countries with the highest prevalence of diabetes, expected to have
around 13.7 million cases in 2030 and predicted to increase to 16.6 million in 2045 [1], [2]. Meanwhile, non-
alcoholic liver disease (NAFLD) is a chronic liver disease that encompasses simple steatosis, non-alcoholic
steatohepatitis (NASH), cirrhosis, and end-stage liver disease [3]. Type 2 diabetes mellitus and NAFLD have
a close correlation, and its prevalence is also increasing. The prevalence of NAFLD in T2DM patients is
estimated to be around 55.5% worldwide, according to a recent meta-analysis [4]. There is mounting
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evidence that people with T2DM and NAFLD typically have worse glycemic control than people with T2DM
alone. Patients with T2DM and NAFLD also have a greater risk of developing microvascular and
macrovascular complications, namely retinopathy, chronic kidney disease (CKD), and cardiovascular disease
(CVD) [5]-[7]-

A liver biopsy is considered the gold standard for the diagnosis of NAFLD; however, due to its
invasiveness, it has limited use in daily practice [8]. FibroScan, an advanced transient elastography device,
has been considered as an alternative to liver biopsy. Controlled attenuation parameter (CAP) is a novel
method to determine the severity of hepatic steatosis using the ultrasonic properties of the radiofrequency and
back propagated signals in conjunction with the FibroScan. The CAP has proven a good sensitivity,
specificity, and high area under the curve (AUC) for the detection of hepatic steatosis confirmed by liver
biopsy, according to a recent meta-analysis [9]. Nevertheless, the number of T2DM patients is vast; thus,
routine liver FibroScan screening is expensive, and several facilities still lack FibroScan equipment.
Therefore, many studies have aimed for the early identification of patients with NAFLD using a number of
serum biomarkers. However, as of today, there is still no acceptable serum biomarker for accurately
diagnosing NAFLD [10].

Liver enzymes and blood lipids are serum biochemical indices that are routinely examined in T2DM
patients [11]. However, because changes in liver enzyme levels are weakly correlated with the degree of
hepatic steatosis, they are unreliable for the screening of NAFLD [12]. The changes in lipid metabolism are
pivotal in the development of NAFLD. Increased liver fat content in the pathogenesis of NAFLD is the result
of the dysregulation of several pathways: uptake of free fatty acids, enhanced hepatic de novo lipogenesis
(DNL), impaired beta-oxidation, and altered export of lipoproteins as components of very-low density
lipoprotein (VLDL) [13]. As a result, dyslipidemia in patients with NAFLD is characterized by elevated
serum triglycerides (TG) levels and decreased high-density lipoprotein cholesterol (HDL-C). Several
previous studies reported that lipoprotein ratios, rather than single lipid parameters, are more useful as
predictors of NAFLD because they represent the interaction between each lipid component [14].

Although the association between dyslipidemia and NAFLD is well documented, the data regarding
the relationship between lipid ratios, especially TG to HDL-C (TG/HDL-C), and NAFLD in T2DM patients
in Indonesia are scarce. Early detection of NAFLD in T2DM patients is important for early intervention due
to the high prevalence and poorer prognosis of T2DM patients with NAFLD. Therefore, our present study
aimed to explore the association between TG/HDL-C ratio and hepatic steatosis and the performance of
TG/HDL-C ratio to identify hepatic steatosis in T2DM patients.

2. METHOD
2.1. Research ethics clearance

Approval for this study was granted by the ethical committee at Dr. Soetomo General Academic
Hospital, Surabaya, Indonesia, under the reference number 0723/KEPK/V11/2023. First, the researchers gave
a comprehensive briefing regarding the research procedure to all eligible participants. After which, the
participants who agreed were requested to provide written informed consent.

2.2. Design, subjects, and research variables

This study was a cross-sectional design study conducted in the Endocrinology and Diabetes
outpatient clinic at the Dr. Soetomo General Academic Hospital in Surabaya, Indonesia, from August to
October 2023. The sampling process was done using consecutive method following the inclusion and
exclusion criteria. All adult T2DM patients over 30 years of age were included. Subjects who were pregnant,
diagnosed with chronic viral hepatitis infection, autoimmune hepatitis, alcoholics, using steatogenic drugs
(amiodarone, corticosteroid, methotrexate, or tamoxifene), or diagnosed with severe congestive heart failure
were excluded from this study. The dependent variable was the severity of hepatic steatosis measured by
CAP of the FibroScan, and the independent variable was the TG/HDL-C ratio.

2.3. Data collection

Comprehensive history-taking, physical examination, and FibroScan examination were performed
on all subjects. The laboratory data regarding glycosylated hemoglobin (HbAlc) levels and lipid profiles
(total cholesterol (TC), low-density lipoprotein (LDL) cholesterol (LDL-C), HDL-C, and TG) were retrieved
from the most recent examination within three months from the medical record. If there was no recent
laboratory data, we collected a venous blood sample under fasting conditions and sent it to the laboratory of
Dr. Soetomo General Academic Hospital in Surabaya, Indonesia, for biochemical analysis. The TG/HDL
ratio was calculated by dividing the absolute value of serum TG levels by HDL-C levels.
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2.4. Measurement of hepatic steatosis

The severity of hepatic steatosis was measured using the CAP of the FibroScan by ECHOSENS
FibroScan type 502 touch (Delrus Europe, Budapest), and it was reported in decibels/meter (dB/m). The CAP
value ranges indicated the degree of hepatic steatosis, starting from SO (no steatosis) to S3 (severe steatosis).
They were between 237.0-259.0 dB/m for S1, 259.0-291.0 dB/m for S2, and 291.0-400 dB/m for S3 [15].
The measurement was performed by experienced gastroentero-hepatologists who have performed the
examination using FibroScan multiple times.

2.5. Statistical analysis

SPSS version 23.0 for Windows (IBM Corporation, New York, USA) was used to analyze the data.
The normality of the data was determined using the Kolmogorov-Smirnov test. Descriptive statistics were
expressed as frequency distribution and mean with standard deviation for normally distributed data or median
with minimum and maximum values if the data were not normally distributed. We used an independent t-test
or Mann-Whitney U-test to detect differences in TG/HDL-C ratio values between groups with and without
hepatic steatosis. The correlation between the TG/HDL-C ratio and CAP values was assessed through either
the Pearson or Spearman correlation test. Receiver operating characteristic curves (ROC) analysis was
performed to determine the TG/HDL-C ratio's cut-off value, sensitivity, and specificity for identifying
hepatic steatosis. Finally, risk prediction of the TG/HDL-C ratio against hepatic steatosis in T2DM was
estimated using bivariate logistic regression analysis. Statistical significance was determined with a threshold
of p<0.05, and a 95% confidence interval (CI) was applied.

3. RESULTS AND DISCUSSION
3.1. Results
3.1.1. Characteristics of the participants

A total of 100 T2DM patients were enrolled, matching the inclusion criteria. The sociodemographic
characteristics (age and sex) were not significantly different between the group with and without steatosis.
The group with hepatic steatosis had a longer duration (>5 years) of diabetes and a significantly higher body
mass index (BMI) compared to the group without hepatic steatosis. The laboratory parameters of the group
with and without hepatic steatosis were not significantly different apart from the TG levels, HDL-C levels,
and the TG/HDL-C ratio values. The comparison of the characteristics between the two groups is described
in Table 1.

Table 1. Comparison of demographic and clinical characteristics between groups with and
without hepatic steatosis
Hepatic steatosis present ~ Hepatic steatosis absent

Characteristics (CAP>237 dB/m)n=58  (CAP<237 dB/m) n=42 P
Age (years), (mean+SD) 54.6+8.0 57.749.4 0.078
Sex (n, %) 0.168
Male 21 (50.0%) 21 (50.0%)
Female 37 (63.8%) 21 (36.2%)
Duration of diabetes (n, %) 0.038*
<5 years 21 (46.7%) 24 (53.3%)
>5 years 37 (67.3%) 18 (32.7)
Hypertension (n, %) 0.224
Yes 32 (64.0%) 18 (36.0%)
No 26 (52.0%) 24 (48.0%)
Use of statins and/or fibrates (n, %) 0.970
Yes 44 (57.9%) 32 (42.1%)
No 14 (58.3%) 10 (41.7%)
BMI (kg/m2) (mean+SD) 28.8+4.3 23.8+34 0.000*
HbAlc (%), median (min—-max) 8.6 (5.7-12.7) 8.0 (5.4-12.5) 0.505
Serum creatinine (mg/dL), median (min-max) 0.9 (0.4-2) 1.1 (0.5-4.3) 0.297
SGOT (IU/L), median (min—max) 21(13-71) 19 (12-31) 0.111
SGPT (IU/L), median (min-max) 20 (8-78) 19 (6-71) 0.476
Total cholesterol (mg/dL), (mean+SD) 182.1+37.6 189.4+44.1 0.379
Triglyceride (mg/dL), median (min-max) 162 (55-654) 106 (33-266) 0.000*
HDL-C (mg/dL), median (min-max) 42.5 (27-85) 47 (29-102) 0.019*
LDL-C (mg/dL) (mean+SD) 104.9+30.5 113.9+34.7 0.170
TG/HDL-C, median (min-max) 3.7 (0.9-17.7) 2.1 (0.5-5.6) 0.000*

CAP: controlled attenuation parameter; BMI: body mass index, HbAlc: glycosylated hemoglobin, SGOT: serum
Glutamic Oxaloacetic Transaminase, SGPT: serum glutamic pyruvic transaminase, HDL-C: high-density lipoprotein,
LDL-C: low-density lipoprotein, TG: triglyceride; *significant (p<0.05)
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3.1.2. Correlation of the TG/HDL-C ratio with the CAP

There was no significant correlation between HbAlc levels, liver enzyme levels, total cholesterol,
LDL-C levels, and CAP values. The TG levels were positively correlated with CAP values with strong
relationship (p=0.477). The HDL-C levels were not correlated with CAP values; however, when combined
with TG levels as a TG/HDL-C ratio, they strongly correlated with CAP values (p=0.440). The correlation is
presented in Table 2.

Table 2. Correlation of glycemic control, liver enzymes, lipid profile, and triglyceride to HDL cholesterol
ratio with the severity of hepatic steatosis using controlled attenuation parameter

Parameter r p p
HbAlc (%) 0.065 0.518
SGOT (IU/L) 0.190 0.058
SGPT (IU/L) 0.145 0.149
Total cholesterol (mg/dL) -0.048 0.634
Triglyceride (mg/dL) 0.477 0.000*
HDL-C (mg/dL) -0.182 0.070
LDL-C (mg/dL) -0.193 0.054
TG/HDL-C 0.440 0.000*

HbAlc: glycosylated hemoglobin, SGOT: serum Glutamic Oxaloacetic
Transaminase, SGPT: serum glutamic pyruvic transaminase, HDL-C: high-density
lipoprotein, LDL-C: low-density lipoprotein, TC: total cholesterol, TG:
triglyceride; r: Pearson correlation coefficient; p: Spearman correlation coefficient;
*significant (p<0.05)

3.1.3. Diagnostic performance of the TG/HDL-C ratio for NAFLD in type 2 DM patients

The ROC analysis for TG/HDL-C ratio and other single lipid parameters for hepatic steatosis as an
outcome is presented in Figure 1. Only the TG levels as a single lipid parameter can be used (AUC>0.7) to
predict the presence of hepatic steatosis with a cut-off value of 134.5 (sensitivity: 67.2% and specificity:
73.8%). The TG/HDL-C ratio however, had better sensitivity (72.4%) to detect hepatic steatosis compared to
TG levels alone. The diagnostic performance of lipid profiles and TG/HDL-C ratio are described in Table 3.
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Figure 1. Receiver operator characteristics curve analysis of lipid profile and triglyceride to HDL cholesterol
ratio as a predictor of hepatic steatosis in type 2 diabetes mellitus
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Table 3. Characteristics of lipid profile and triglyceride to HDL cholesterol ratio using the optimal cut-off
value to detect the presence of hepatic steatosis in type 2 diabetes mellitus

Parameter AUC 95% ClI Cut-off value Sensitivity Specificity p
Total cholesterol (mg/dL) 0.464 0.347-0.581 180.5 51.7% 54.8% 0.060
Triglyceride (mg/dL) 0.763 0.671-0.856 1345 67.2% 73.8% 0.047*
HDL-C (mg/dL) 0.362 0.251-0.473 77 34.0% 97.6% 0.057
LDL-C (mg/dL) 0.424 0.309-0.540 56 98.3% 4.8% 0.059
TG/HDL-C 0.759 0.666-0.851 2.83 72.4% 71.4% 0.047*

AUC: area under the curve, Cl: confidence interval; HDL-C: high-density lipoprotein, LDL-C: low-density lipoprotein, TG:
triglyceride; *significant (p<0.05)

3.1.4. Risk analysis model of the TG/HDL-C ratio as predictor for NAFLD in type 2 DM patients

The TG/HDL-C ratio with a cut-off value of 2.83 was used to determine the presence of hepatic
steatosis. An elevated TG/HDL-C ratio was defined by a value greater than or equal to 2.83; otherwise, the
TG/HDL-C ratio was considered normal. An elevated TG/HDL-C ratio value has proven to be a risk factor
significantly associated with hepatic steatosis in T2DM patients, according to bivariate logistic regression
(OR:6.562; p=0.000). Even after adjusting for sex, use of statins and/or fibrates, duration of diabetes,
presence of hypertension, obesity, and glycemic control, the association remained significant. The binary
logistic regression analysis model is described in Table 4.

Table 4. Binary logistic regression analysis model of triglyceride to HDL cholesterol ratio for having hepatic
steatosis in type 2 diabetes mellitus

Parameter B OR 95% CI p
TG/HDL-C 1.881 6.562 2.714-15.869 0.000*
Constant -0.629 0.533 0.042*

OR: odds ratio, Cl: confidence interval; HDL-C: high-density lipoprotein, TG: triglyceride;
*significant (p<0.05)

3.2. Discussion

To the best of our knowledge, our current study is the first to evaluate the association between the
TG/HDL-C ratio and hepatic steatosis in Indonesian T2DM patients. Our present study also determined the
cut-off value of the TG/HDL-C ratio to detect hepatic steatosis, which might contribute to the early
identification of NAFLD in T2DM patients. The main findings of the present study were: i) the TG/HDL-C
ratio was correlated with hepatic steatosis; ii) the TG/HDL-C ratio had good sensitivity and specificity to
detect hepatic steatosis; iii) increased TG/HDL-C ratio raised the risk of having hepatic steatosis in T2DM.
These results suggest that the TG/HDL-C ratio is independently correlated with the risk of hepatic steatosis in
the T2DM population.

In general, our results are consistent with previous studies regarding the association between the
TG/HDL-C ratio and NAFLD. Our present study indicated that subjects with hepatic steatosis had
significantly higher TG/HDL-C ratio values than those without hepatic steatosis, comparable to the results of
prior studies [10], [16]-[19]. The TG/HDL-C ratio is independently correlated with NAFLD, according to
two large cross-sectional studies [16], [17]. Another cohort study also reported an independent association
between the TG/HDL-C ratio and NAFLD in non-obese subjects [18]. The TG/HDL-C ratio is also effective
in detecting NAFLD, as reported by Fan et al. [17], Chen et al. [18], and and Pérez-Mayorga et al. [19], with
cut-off values ranging from 0.64 to 3.83, probably related to ethnic differences. However, most of those
studies involved apparently healthy individuals who were not diabetic, except for the study by Li et al. [10],
which involved newly diagnosed T2DM patients. The performance of the TG/HDL-C ratio as a surrogate for
NAFLD, especially hepatic steatosis, needs to be explored in the T2DM population since they have different
risks and glycemic status.

Our present study indicated that TG/HDL-C ratio is potential as a biomarker of NAFLD in T2DM
patients. Insulin resistance is pivotal in the association of TG/HDL-C ratio and hepatic steatosis in T2DM
population [20], [21]. Accumulating body of evidence has indicated the strong correlation between
TG/HDL-C ratio and IR [22]-[24]. Additionally, T2DM and NAFLD are tightly related to IR early in the
disease course. Adipose tissue dysfunction in T2DM is marked by increased lipolysis and fatty acid
synthesis, resulting in excess fatty acid flux [25]. Increased levels of fatty acids in the circulation will
ultimately accumulate in the liver or fat tissue, resulting in IR [26]. Insulin resistance also induces de novo
lipogenesis, thereby further increases liver fat content [27]. Lipids are accumulated as TG in the liver,
consequently leading to increased assembly and secretion of VLDL [28]. A marked hypertriglyceridemia will
enhance cholesterol ester transfer protein (CETP) mediated incorporation of TG into the HDL-C, resulting in
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faster clearance of TG-enriched HDL-C from the circulation [29], [30]. Subsequently, secondary low levels
of HDL-C will develop, altogether with hypertriglyceridemia, detected as increased TG/HDL-C ratio values.

4. CONCLUSION

The TG/HDL-C ratio is a potential marker that can be used to predict NAFLD in the T2DM
population. Type 2 diabetes mellitus patients with NAFLD are likely to have elevated TG/HDL-C ratio
values. A health care provider should be aware of the presence of NAFLD in T2DM patients with an elevated
TG/HDL-C ratio. However, further large-scale research with a better study design is required prior to
applying this value routinely in clinical settings.

Our present study was limited by its cross-sectional design. There are also several limitations to our
present study. The golden standard for diagnosing NAFLD is liver biopsy; nevertheless, the CAP of
FibroScan is still widely accepted in clinical practice and epidemiological research for its sensitivity and
specificity in diagnosing hepatic steatosis. The influence of other factors, especially lipid-lowering
medication (statins and fibrates) and oral hypoglycemic agents, namely thiazolidinedione, were not
controlled in our present study. Consequently, a bias might affect the association between TG/HDL-C ratio
and hepatic steatosis; still, we have the interference of these factors taken into account during statistical
analysis.

REFERENCES

[1] M. A. B. Khan, M. J. Hashim, J. K. King, R. D. Govender, H. Mustafa, and J. Al Kaabi, “Epidemiology of of type 2 diabetes—
global burden of disease and forecasted trends,” Journal of Epidemiology and Global Health, vol. 10, no. 1, p. 107, 2019, doi:
10.2991/jegh.k.191028.001.

[2]  P. Saeedi et al., “Global and regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045: results from the
international diabetes federation diabetes atlas, 9th edition,” Diabetes Research and Clinical Practice, vol. 157, 2019, doi:
10.1016/j.diabres.2019.107843.

[3] A. Dokmak, B. Lizaola-Mayo, and H. D. Trivedi, “The impact of nonalcoholic fatty liver disease in primary care: a population
health perspective,” American Journal of Medicine, vol. 134, no. 1, pp. 23-29, 2021, doi: 10.1016/j.amjmed.2020.08.010.

[4] Y. ZM. et al., “The global epidemiology of nafld and nash in patients with type 2 diabetes: a systematic review and meta-
analysis,” Journal of Hepatology, vol. 71, no. 4, pp. 793-801, 2019.

[5] S. Tomah, N. Alkhouri, and O. Hamdy, “Nonalcoholic fatty liver disease and type 2 diabetes: where do diabetologists stand?,”
Clinical Diabetes and Endocrinology, vol. 6, no. 1, 2020, doi: 10.1186/s40842-020-00097-1.

[6] A. Mantovani, A. Dalbeni, G. Beatrice, D. Cappelli, and F. Gomez-Peralta, “Non-alcoholic fatty liver disease and risk of macro-
and microvascular complications in patients with type 2 diabetes,” Journal of Clinical Medicine, vol. 11, no. 4, 2022, doi:
10.3390/jcm11040968.

[71  G. Targher, K. E. Corey, C. D. Byrne, and M. Roden, “The complex link between nafld and type 2 diabetes mellitus-mechanisms
and treatments,” Nature Reviews Gastroenterology and Hepatology, vol. 18, no. 9, pp. 599-612, 2021, doi: 10.1038/s41575-021-
00448-y.

[8] J. Paul, “Recent advances in non-invasive diagnosis and medical management of non-alcoholic fatty liver disease in adult,”
Egyptian Liver Journal, vol. 10, no. 1, 2020, doi: 10.1186/s43066-020-00043-x.

[91 K. Pu et al., “Diagnostic accuracy of controlled attenuation parameter (cap) as a non-invasive test for steatosis in suspected non-
alcoholic fatty liver disease: a systematic review and meta-analysis,” BMC Gastroenterology, vol. 19, no. 1, 2019, doi:
10.1186/512876-019-0961-9.

[10] R. Li et al., “Correlation of multiple lipid and lipoprotein ratios with nonalcoholic fatty liver disease in patients with newly
diagnosed type 2 diabetic mellitus: a retrospective study,” Frontiers in Endocrinology, vol. 14, 2023, doi:
10.3389/fend0.2023.1127134.

[11] PERKENI, “Guidelines for the management and prevention of adult-onset diabetes mellitus indonesia-2021,” (in Indonesia),
Global Initiative for Asthma, p. 46, 2021,

[12] S. Zhang, L. Y. Mak, M. F. Yuen, and W. K. Seto, “Screening strategy for non-alcoholic fatty liver disease,” Clinical and
Molecular Hepatology, vol. 29, pp. S103-S122, 2023, doi: 10.3350/cmh.2022.0336.

[13] J. Heeren and L. Scheja, “Metabolic-associated fatty liver disease and lipoprotein metabolism,” Molecular Metabolism, vol. 50,
2021, doi: 10.1016/j.molmet.2021.101238.

[14] X. Y. Ren et al., “Total cholesterol to high-density lipoprotein cholesterol ratio is a significant predictor of nonalcoholic fatty
liver: jinchang cohort study,” Lipids in Health and Disease, vol. 18, no. 1, 2019, doi: 10.1186/s12944-019-0984-9.

[15] L. Kamali, A. Adibi, S. Ebrahimian, F. Jafari, and M. Sharifi, “Diagnostic performance of ultrasonography in detecting fatty liver
disease in comparison with fibroscan in people suspected of fatty liver,” Advanced Biomedical Research, vol. 8, no. 1, p. 69,
2019, doi: 10.4103/abr.abr_114 19.

[16] F. Gao, H. Li, X. Wang, Y. Zheng, X. Yang, and J. Ren, “Comparison of triglyceride/hdl-c ratio and triglyceride glucose index in
identifying nafld in chinese population: a cross-sectional study,” Research Square, 2021.

[17] N. Fan et al., “Triglycerides to high-density lipoprotein cholesterol ratio as a surrogate for nonalcoholic fatty liver disease: a
cross-sectional study,” Lipids in Health and Disease, vol. 18, no. 1, 2019, doi: 10.1186/512944-019-0986-7.

[18] Z. Chen, H. Qin, S. Qiu, G. Chen, and Y. Chen, “Correlation of triglyceride to high-density lipoprotein cholesterol ratio with
nonalcoholic fatty liver disease among the non-obese chinese population with normal blood lipid levels: a retrospective cohort
research,” Lipids in Health and Disease, vol. 18, no. 1, 2019, doi: 10.1186/s12944-019-1104-6.

[19] M. Pérez-Mayorga et al., “Insulin resistance markers to detect nonalcoholic fatty liver disease in a male hispanic population,”
Canadian Journal of Gastroenterology and Hepatology, vol. 2022, 2022, doi: 10.1155/2022/1782221.

[20] R. Gong, G. Luo, M. Wang, L. Ma, S. Sun, and X. Wei, “Associations between tg/hdl ratio and insulin resistance in the us

Int J Public Health Sci, Vol. 13, No. 3, September 2024: 1039-1046



Int J Public Health Sci ISSN: 2252-8806 O 1045

[21]

[22]

[23]

[24]

[25]
[26]
[27]
[28]

[29]

[30]

population: a cross-sectional study,” Endocrine Connections, vol. 10, no. 11, pp. 1502-1512, 2021, doi: 10.1530/EC-21-0414.

E. Muzurovié, D. P. Mikhailidis, and C. Mantzoros, “Non-alcoholic fatty liver disease, insulin resistance, metabolic syndrome and
their  association with vascular risk,” Metabolism: Clinical and Experimental, vol. 119, 2021, doi:
10.1016/j.metabol.2021.154770.

D. Zheng et al., “Association between the triglyceride to high-density lipoprotein cholesterol ratio and the risk of type 2 diabetes
mellitus among chinese elderly: the beijing longitudinal study of aging,” BMJ Open Diabetes Research and Care, vol. 8, no. 1,
2020, doi: 10.1136/bmjdrc-2019-000811.

A. Chauhan, A. Singhal, and P. Goyal, “TG/hdl ratio: a marker for insulin resistance and atherosclerosis in prediabetics or not?,”
Journal of Family Medicine and Primary Care, vol. 10, no. 10, p. 3700, 2021, doi: 10.4103/jfmpc.jfmpc_165_21.

B. Pantoja-Torres et al., “High triglycerides to hdl-cholesterol ratio is associated with insulin resistance in normal-weight healthy
adults,” Diabetes and Metabolic Syndrome: Clinical Research and Reviews, vol. 13, no. 1, pp. 382-388, 2019, doi:
10.1016/j.dsx.2018.10.006.

U. Galicia-Garcia et al., “Pathophysiology of type 2 diabetes mellitus,” International Journal of Molecular Sciences, vol. 21,
no. 17, pp. 1-34, 2020, doi: 10.3390/ijms21176275.

L. Dilworth, A. Facey, and F. Omoruyi, “Diabetes mellitus and its metabolic complications: the role of adipose tissues,”
International Journal of Molecular Sciences, vol. 22, no. 14, 2021, doi: 10.3390/ijms22147644.

G. I. Smith et al., “Insulin resistance drives hepatic de novo lipogenesis in nonalcoholic fatty liver disease,” Journal of Clinical
Investigation, vol. 130, no. 3, pp. 1453-1460, 2020, doi: 10.1172/JC1134165.

A. Deprince, J. T. Haas, and B. Staels, “Dysregulated lipid metabolism links nafld to cardiovascular disease,” Molecular
Metabolism, vol. 42, 2020, doi: 10.1016/j.molmet.2020.101092.

H. N. Ginsberg et al., “Triglyceride-rich lipoproteins and their remnants: metabolic insights, role in atherosclerotic cardiovascular
disease, and emerging therapeutic strategies-a consensus statement from the european atherosclerosis society,” European Heart
Journal, vol. 42, no. 47, pp. 4791-4806, 2021, doi: 10.1093/eurheartj/ehab551.

Y. Duan, K. Gong, S. Xu, F. Zhang, X. Meng, and J. Han, “Regulation of cholesterol homeostasis in health and diseases: from
mechanisms to targeted therapeutics,” Signal Transduction and Targeted Therapy, vol. 7, no. 1, 2022, doi: 10.1038/s41392-022-
01125-5.

BIOGRAPHIES OF AUTHORS

Robert Dwitama Adiwinoto © B4 B3 € is an Endocrinology, Diabetes, and Metabolism
Fellow-in-Training in the Division of Endocrinology, Diabetes, and Metabolism,
Department of Internal Medicine, Airlangga University Faculty of Medicine, Dr. Soetomo
General Academic Hospital, Surabaya, Indonesia. He can be contacted at email:
robert.dwitama.adiwinoto-2022 @fk.unair.ac.id.

Agung Pranoto g 2 is a Full Professor of Internal Medicine at the Division of
Endocrinology, Diabetes, and Metabolism, Department of Internal Medicine, Airlangga
University Faculty of Medicine, Dr. Soetomo General Academic Hospital, Surabaya,
Indonesia. Currently, he serves as the head of the Division of Endocrinology, Diabetes, and
Metabolism, Department of Internal Medicine, Airlangga University Faculty of Medicine,
Dr. Soetomo General Academic Hospital, Surabaya, Indonesia. He can be contacted at
email: pranotoagung@yahoo.com.

Titong Sugihartono £ B8 © s a Lecturer at the Division of Gastroentero-Hepatology,
Department of Internal Medicine, Airlangga University Faculty of Medicine, Dr. Soetomo
General Academic Hospital, Surabaya, Indonesia. Currently, he serves as the head of the
Division of Gastroentero-Hepatology, Department of Internal Medicine, Airlangga
University Faculty of Medicine, Dr. Soetomo General Academic Hospital, Surabaya,
Indonesia. He can be contacted at email: titong.sugihartono@fk.unair.ac.id.

Triglyceride to high-density lipoprotein cholesterol ratio as a marker ... (Robert Dwitama Adiwinoto)


https://orcid.org/0000-0002-5480-6590
https://scholar.google.com/citations?user=oaV-VicAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57219034529
https://orcid.org/0000-0003-4870-3242
https://scholar.google.co.id/citations?user=TnV8ao8AAAAJ&hl=en
https://orcid.org/0000-0003-4923-9832
https://scholar.google.co.id/citations?hl=en&user=5zS-gRQAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57194156387

1046

a

ISSN: 2252-8806

Soebagijo Adi Soelistijo (T 12 is an Associate Professor at the Division of
Endocrinology, Diabetes, and Metabolism, Department of Internal Medicine, Airlangga
University Faculty of Medicine, Dr. Soetomo General Academic Teaching Hospital,
Surabaya, Indonesia. Currently, he also is a fellow of the American College of Physician
(ACP). He can be contacted at email: soebagijo.adi.s@fk.unair.ac.id.

Ronald Pratama Adiwinoto ' B4 B8 © s a Lecturer at the Department of Public Health,
Hang Tuah University Faculty of Medicine, Surabaya, Indonesia. Currently, he serves as
the head of the Skill Laboratory Unit of the Hang Tuah University Faculty of Medicine. He
can be contacted at email: adiwinoto.ronald@hangtuah.ac.id.

Int J Public Health Sci, Vol. 13, No. 3, September 2024: 1039-1046


https://orcid.org/0000-0002-7594-0123
https://scholar.google.co.id/citations?user=6pOy9msAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57211324846
https://orcid.org/0000-0002-2112-610X
https://scholar.google.co.id/citations?user=n98awq8AAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57226350361

