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ABSTRACT 

Background: The prevalence of type 2 diabetes mellitus (T2DM) continues to 

increase, while the obese group has a risk of T2DM seven times greater than 

the non-obese group. Obesity can also increase triglyceride levels with a 

significant impact on HbA1c. The relationship between increased HbA1c 

values and triglyceride levels in T2DM with obese patients needs further 

discussion. While previous studies have shown correlation between HbA1c and 

triglycerides, evidence remains scarce in obese with type 2 DM patients in 

Indonesia. Aim: To analyze the association between HbA1c and triglyceride 

levels in diabetes mellitus patients with obesity. Methods: This study was an 

observational analytical with a cross-sectional design conducted on 38 subjects 

from February – October 2022. The data obtained for this research was 

secondary data from the medical records of T2DM with obese patients at the 

Diponegoro National Hospital. The independent variable in this research was 

HbA1c and the dependent variable was triglyceride levels. The correlation 

analysis was done using Spearman Rank test. Results: The Spearman Rank’s 

correlation test results between HbA1c and triglyceride levels in T2DM with 

obese patients were p<0.001 and coefficient correlation = 0.57. Conclusion: 

There was a significant positive relationship with a strong correlation between 

HbA1c and triglyceride levels in T2DM with obese patients. This finding 

supports the importance of HbA1c and triglyceride monitoring in clinical 

practice, especially in obese T2DM patients, to manage and reduce long-term 

cardiovascular risk. 

 
Copyright ©2026  by Authors. Published by Faculty of Medicine, Universitas Diponegoro Semarang Indonesia. This is an open access article under the CC-BY-NC-SA 

(https://creativecommons.org/licenses/by-nc-sa/4.0/). 

 

 

INTRODUCTION 

Diabetes mellitus (DM) is a chronic disease 

characterized by high blood glucose levels 

(hyperglycemia) and impaired carbohydrate, lipid, 

and protein metabolism due to abnormalities in 

insulin secretion and/or action. Compared to other 

types of DM, the prevalence and incidence of type 2 

DM continues to increase, accounting for 90-95% of 

DM cases.1 

According to WHO, obesity accounts for 44% of 

diabetes cases, and the prevalence of obesity-related 

diabetes is projected to double, reaching 300 million 

cases by 2025. Being overweight triples the risk of 

diabetes, while obesity raises it sevenfold. Projections 

estimate that by 2030, 9.5% of adults will have 

diabetes, with one-third of this increase directly 

linked to obesity.2 Based on data from the Ministry of 

Health's 2018 Basic Health Research Report 

(RISKESDAS), the incidence of DM in 2018 was 

around 10.9%, followed by an increase in the 

prevalence of obesity from 14.8% in 2013 to 21.8% in 

2018.1 

Excess body weight markedly elevates lifetime 

T2D risk—from 7% to 70% in men and from 12% to 

74% in women as BMI rises.3,4 The prevalence of 

dyslipidemia is also greater in obese patients (74.9%), 

with a 57.6% risk of elevated TG levels.5 Elevated 

triglycerides (TG) in T2DM are primarily due to 

impaired insulin secretion or function, leading to 

enhanced hepatic VLDL production and delayed 

clearance of TG-rich lipoproteins, driven by higher 

substrate availability for TG synthesis.6 
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These complications can be prevented and 

reduced by good glycemic control, which includes 

monitoring glycated hemoglobin A1c (HbA1c).4 

HbA1c examination can determine the average 

glycemia indication over the previous few months and 

take into account prepandial and post prandial blood 

glucose levels.4 

Findings from study revealed that HbA1c levels 

above 9% were associated with a 2.69-fold increased 

risk of hypertriglyceridemia (OR=1.71–4.23, 

p<0.001).4 The risk of microvascular complications 

may increase by 18% for every 1% increase in 

HbA1c.8 

While previous studies have shown correlation 

between HbA1c and triglycerides, evidence remains 

scarce in obese with type 2 DM patients in Indonesia. 

Therefore, the author would like to conduct research 

on the relationship between HbA1c levels and TG 

levels in DM patients, especially in individuals with 

obesity. 

 

METHODS 

This research is an analytical observational 

research with a cross-sectional design conducted in 

February - October 2022 at the Medical Record 

Installation of Diponegoro National Hospital 

Semarang. This study was conducted to determine the 

relationship between HbA1c values and triglyceride 

levels in patients with diabetes mellitus with obesity.  

The samples used in this study were 38 patients 

with type 2 DM who underwent outpatient treatment 

at Diponegoro National Hospital and met the 

inclusion and exclusion criteria. Sample size was 

determined based on feasibility; no formal power 

calculation was conducted. The inclusion criteria in 

this study were men and women aged 18-65 years and 

had medical records of HbA1c and triglyceride 

laboratory examination results, while the exclusion 

criteria in this study were DM patients with 

dyslipidemia treatment, patients with severe liver 

disease, nephropathy, and pancreatitis. Sampling was 

done by purposive sampling from the medical records 

of type 2 DM patients with obesity who met the 

inclusion and exclusion criteria. 

The independent variable of this study is the level 

of HbA1c and the dependent variable of this study is 

the level of triglycerides. We did not control for 

dietary intake, medication use, or duration of diabetes, 

which may influence blood glucose and lipid levels. 

This remains a limitation.  

HbA1c levels were measured using the High 

Performance Liquid Chromatography (HPLC) 

method with normal values <5.7%, while triglyceride 

levels were measured using the Glycerol Peroxidase 

Para Amino Phenazone (GPO-PAP) method with 

normal values <150 mg/dL. 9 

Obesity in this study was determined using body 

mass index (BMI) measurements with a cut-off for 

obesity of ≥25 kg/m2. Determination of type 2 DM in 

this study was based on HbA1c levels, which were 

grouped into 3 categories, viz: Normal <5.7%, 

Prediabetes 5.7-6.4%, and Diabetes ≥6.5%.7 

According to Perkeni (2021), normal triglyceride 

levels are <150 mg/dL. 

Data analysis in this study includes univariate 

analysis in the form of frequency distribution and 

bivariate analysis in the form of Spearman correlation 

test.  

This study has passed ethical feasibility or ethical 

clearance with the issuance of an ethical feasibility 

letter number 93 / EC / KEPK / FK-UNDIP / IV 2021 

by the Health Research Ethics Commission (KEPK) 

Faculty of Medicine, Diponegoro University.  

 

RESULTS 

A total of 38 patient were included in the study. 

The characteristics of the research subjects can be 

seen in Table 1 and Table 2. 

 
Table 1. Characteristics of Gender and Body Mass Index 

Variables n % 

Gender 

      Male 

      Female 

 

13 

25 

 

34,2 

65,8 

Body Mass Index 

      Overweight 

      Obese 1 

      Obese 2 

 

4 

22 

12 

 

10,5 

57,9 

31,6 

 

Based on Table 1, the gender distribution of 

patients in this study shows that female gender 

dominates compared to male gender. Based on the 

distribution of body mass index, it was found that 

most of the respondents were in obesity level 1 (22 

people) and obesity level 2 (12 people). There were 4 

respondents with overweight body mass index. 
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Table 2. Characteristics of Research 

Variable 
Median 

(min - max) 

Age (years) 

HbA1c (%) 

Triglycerides (mg/dL) 

54,5 (30 – 60) 

7,3 (4,9 – 13,8) 

168 (37 – 597) 

 

The age distribution of the subjects ranged from 

30 to 60 years. Subjects' HbA1c levels ranged from 

4.9-13.8%, with a mix of 5 subjects with HbA1c 

levels <5.7% and up to 33 subjects with HbA1c levels 

>5.7%. Triglyceride levels in subjects ranged from 

37-597 mg/dL, with a composition of 15 subjects with 

triglyceride levels <150 mg/dL and as many as 23 

subjects with triglyceride levels >150 mg/dL.  

 

Table 3. Spearman Rank Correlation Test 

Parameters r p 

HbA1c 

Triglycerides 
0,57 <0,001 

 

Table 3 shows the results of hypothesis testing of 

the relationship between HbA1c levels and 

triglyceride levels in DM patients with obesity using 

the Spearman rank test. The results of the analysis test 

show the results of p <0.001 with a correlation 

coefficient = 0.57. There is a significant positive 

relationship with a moderate correlation value 

between HbA1c levels and triglyceride levels in DM 

patients with obesity. 

 

 

 

 
Figure 1. Scatter Plot Graph 

 

In Figure 1, it can be seen that the points spread 

out and form a line with a pattern from the bottom left 

to the top right. Based on this pattern, it can be 

concluded that the two variables are significantly 

correlated with a positive correlation direction, 

meaning that an increase in HbA1c will be followed 

by an increase in triglyceride levels with the equation 

triglycerides = -18.75 + 26.61 x HbA1c. 

 

DISCUSSION 

Characteristics of Research Subjects 

The distribution of research subjects was 

predominantly female, with 22 individuals (57.9%). 

This data is consistent with the Ministry of Health's 

2018 Basic Health Research Report (RISKESDAS), 

which states that type 2 DM affects more women 

(1.78%) than men (1.21%).10 

In this study, the highest number of respondents 

with Body Mass Index (BMI) obesity level 1 was 22 

people. Based on research by Irena et al (2020) 

conducted in Semarang on 77 respondents, the study 

tried to correlate BMI with HbA1c levels in 

abdominal obese women, the results showed that 

there was a significant relationship between BMI and 

HbA1c levels in abdominal obese women. The 

respondents were also found to be at high risk for DM 

(8.75%) and diagnosed with DM (3.75%).11 Another 

study by Bizuayehu et al (2022), which looked at the 
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prevalence of obesity and influencing factors in type 

2 DM patients, found that triglyceride levels were 

higher in respondents in the obese group than in other 

groups, with a median triglyceride level in the obese 

group of 247 mg/dL, so it can be concluded that there 

is an association between obesity and triglyceride 

levels in type 2 DM patients.12 

The age distribution of the subjects in this study 

was in the range of 30-60 years. This research was 

consist with the research of Bizuayehu et al (2022) 

who found that the incidence of type 2 DM occurred 

mostly between the ages of 45-60 years (47.8%).12 

The distribution of HbA1c values of the subjects 

in this study ranged from 4.9 to 13.8%. A study by 

Salim et al (2022), which correlated the level of 

HbA1c with MCV in patients with type 2 DM, found 

that the mean level of HbA1c in patients with type 2 

DM was 8.3% (females) and 7.93% (males).13 

The distribution of triglyceride levels in the 

subjects of this study ranged from 37 to 597 mg/dL. 

In a study by Ahmmed et al (2021) of 132 subjects 

with type 2 DM, the mean triglyceride level was 

218.70 mg/dL (women) and 208.1 mg/dL (men).4 

 

Association between Hba1c and Triglyceride 

Levels in Diabetes Mellitus Patients with Obesity 

The significance of the value of HbA1c with 

triglyceride levels in patients with diabetes mellitus 

with obesity obtained a p-value <0.001 and the 

correlation coefficient obtained a value of 0.57. This 

shows that there is a significant positive relationship 

with a moderate correlation value between the value 

of HbA1c and triglyceride levels in DM patients with 

obesity. 

These results are in accordance with research by 

Widhyasih et al (2018) conducted in Jakarta on 90 

respondents who were type 2 DM patients, the study 

tried to correlate HbA1c levels with triglyceride levels 

in type 2 DM patients, it was found that there is a 

positive relationship between HbA1c levels and 

triglyceride levels because the p value was obtained = 

0.000 with r = 0.594 so it is in accordance with this 

study.14 The results of this study are also in line with 

the research of Zheng et al. (2019), which said that 

there is a significant relationship between HbA1c 

values and triglyceride levels in type 2 DM patients (p 

<0.001). Another study by Hyassat et al (2022) stated 

that there was an association between HbA1c levels 

>8% with an increased risk of hypertriglyceridemia 

(OR=1.6) in type 2 DM individuals.16 

Hyperglycemia arises from reduced insulin 

sensitivity and declining β-cell mass, with obesity 

amplifying this through genetic and epigenetic 

susceptibility, microenvironmental disruption of 

insulin signaling, impaired β-cell function, and 

dysregulated microbiome–gut–brain interactions. 

However, obesity in type 2 DM patients can increases 

hepatic glucose production and insulin levels.17 

Obesity may appear as a simple excess of body weight 

while it is the main factor for progressive metabolic 

disturbances, with type 2 DM being most strongly 

linked. 

Elevated TG common in type 2 DM patients and 

sustained by chronic insulin resistance (IR), which 

boosts FFA release from abdominal adipose tissue. 

These FFAs accumulate in the liver as VLDL, which 

subsequently exchange TG for esterified cholesterol 

with HDL and LDL, heightening atherogenicity and 

accelerating atherosclerosis—the leading cause of 

morbidity and mortality worldwide.18 Altered lipid 

metabolism also happens due to obesity, leading to an 

increase in circulating free fatty acids. High levels of 

free fatty acids can accumulate in tissues not suited 

for fat storage, such as the liver and muscles, causing 

lipotoxicity. This condition exacerbates insulin 

resistance by interfering with insulin signaling and 

glucose transport mechanisms.19 

Our findings suggest that HbA1c levels ≥6.5%, 

significantly increase the risk of hypertriglyceridemia 

in type 2 DM patients with obesity. This highlights the 

importance of integrating HbA1c and triglyceride 

monitoring in routine clinical practice, as early 

detection and management of dyslipidemia may 

reduce long-term cardiovascular complications. 

This study has several limitations. The relatively 

small sample size may restrict the generalizability of 

the findings, while the cross-sectional design prevents 

establishing a causal relationship between HbA1c and 

triglyceride levels. Additionally, as this was a single-

center study, the results may not fully represent the 

broader population of type 2 DM patienst with obesity 

in Indonesia. Another limitation of this study is the 

lack of adjustment for potential confounding variables 

such as dietary intake, medication use, physical 

activity, and duration of diabetes. These factors may 

influence both HbA1c and triglyceride levels, thereby 

affecting the observed association. Future studies 
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should incorporate more comprehensive data 

collection, multicenter longitudinal studies with 

larger cohorts and multivariate analysis to minimize 

the impact of confounders and warranted to confirm 

these observations.18  

 

CONCLUSION 

Based on the results of the research, it can be 

concluded that there is a strong positive significant 

relationship between HbA1c levels and triglyceride 

levels in DM patients with obesity. This finding 

supports the importance of HbA1c and triglyceride 

monitoring in clinical practice to enhance therapeutic 

strategies, improving patients’ quality of life and 

reduce long-term cardiovascular risk, especially in 

obese type 2 DM patients. 
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