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ABSTRACT 

Background: Type 2 Diabetes Mellitus (T2DM) is a chronic metabolic 

disorder marked by hyperglycemia due to insulin resistance or impaired 

insulin secretion. Dyslipidemia, especially low High-Density Lipoprotein 

(HDL), contributes significantly to cardiovascular disease risk in T2DM. 

Glycated hemoglobin (HbA1c) serves as the standard biomarker for long-

term glycemic control. Previous studies suggested an inverse 

relationship between HDL and HbA1c, but results remain inconsistent, 

and limited evidence exists from Indonesian primary care settings. 

Purpose: This study aimed to examine the association between HDL 

cholesterol and HbA1c levels in T2DM patients at a primary healthcare 

center in Batu City, Indonesia. Methods: An observational analytic study 

with a cross-sectional retrospective design was conducted. Secondary 

data were obtained from medical records of T2DM patients at Puskesmas 

Sisir, Batu City, in July 2025. A total of 79 patients fulfilling inclusion 

criteria were included through total sampling. Laboratory results of HDL 

(mg/dL) and HbA1c (%) were analyzed. Spearman’s rank correlation test 

was used, with significance set at p ≤ 0.05. Results: Among the 79 

respondents, most were aged 45–65 years (50.6%) and female (77.2%). 

The mean HDL level was 45.3 ± 8.2 mg/dL, while the mean HbA1c level 

was 8.2 ± 1.5%. Correlation analysis indicated a weak negative association 

between HDL and HbA1c (r = –0.132, p = 0.246). Although higher HDL 

levels tended to correspond with lower HbA1c values, the relationship 

was not statistically significant. Conclusions: These findings underscore 

the critical role of community nurses in integrating routine HbA1c and 

lipid profile monitoring into T2DM follow-up visits, promoting holistic 

cardiovascular risk assessment even when individual biomarkers show 

weak associations. 
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1.  BACKGROUND 

Type 2 diabetes mellitus (T2DM) is a 

chronic metabolic disorder characterized by 

hyperglycemia due to insulin resistance 

and/or impaired insulin secretion (Gieroba et 

al., 2025). This condition has become a major 

global health problem, with prevalence 

continuously rising over the past decades 

(Ong et al., 2023). One of the most important 

complications of T2DM is lipid metabolism 

disorder, which contributes to an increased 

risk of cardiovascular disease (Borén et al., 

2024). High Density Lipoprotein (HDL) is a 

lipid fraction known for its protective role 

against cardiovascular diseases through 

reverse cholesterol transport, as well as its 

anti-inflammatory and anti-atherogenic 

effects (Madaudo et al., 2024). On the other 

hand, glycated hemoglobin (HbA1c) is a 

standard biomarker reflecting long-term 

glycemic control over the preceding two to 

three months (Shimizu et al., 2019). Several 

studies have reported a negative association 

between HDL levels and HbA1c in T2DM 

patients, indicating that poor glycemic 

control is often accompanied by lower HDL 

concentrations (Nnakenyi et al., 2022). 

However, findings across populations 

remain inconsistent, highlighting the need 

for further investigation, particularly in 

Indonesian populations. 

Globally, the International Diabetes 

Federation (IDF) reported that in 2021, 

approximately 537 million adults (aged 20–

79 years) were living with diabetes, a 

number projected to rise to 643 million by 

2030 and 783 million by 2045 (IDF, 2021). 

Indonesia ranks fifth worldwide in the 

number of people with diabetes, reaching 

19.47 million in 2021(Kemenkes RI, 2022). The 

prevalence of T2DM in Indonesia continues 

to increase across regions (Wahidin et al., 

2024). According to the 2018 Basic Health 

Research (Riskesdas), the prevalence of 

diabetes among individuals aged ≥15 years 

was 2%, with higher rates observed in older 

adults and women (Kemenkes, 2018). 

Cardiovascular disease remains the leading 

cause of mortality among T2DM patients 

(Siam et al., 2024). Evidence suggests that 

low HDL levels significantly contribute to the 

development of atherosclerosis and 

coronary heart disease in this population 

(Kjeldsen et al., 2022). Meanwhile, elevated 

HbA1c levels (>7%) are a strong indicator of 

poor glycemic control and are associated 

with higher risks of both microvascular and 

macrovascular complications (Boye et al., 

2022). A significant negative correlation 
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between HbA1c and HDL among Indonesian 

T2DM patients has been demonstrated 

(Yuliana, 2024), while no significant 

relationship was found in Chinese adults, 

suggesting the influence of ethnicity, 

lifestyle, and environmental factors (Chen et 

al., 2025). These findings highlight the 

importance of integrating the study aim into 

nurse-led health education, structured 

screening protocols, and patient counseling 

strategies to improve early detection and 

management of complications in T2DM 

patients. 

The interplay between glycemic 

control and lipid profile in T2DM patients can 

be explained through pathophysiological 

mechanisms (Nnakenyi et al., 2022). Chronic 

hyperglycemia due to insulin resistance 

induces oxidative stress, systemic 

inflammation, and protein glycosylation 

(González et al., 2023). These processes 

impair lipid metabolism by reducing the 

activity of lipoprotein lipase and lecithin-

cholesterol acyltransferase, enzymes 

essential for HDL formation (Gluba-Sagr et 

al., 2025). Consequently, HDL levels and 

functionality decline, reducing the 

effectiveness of reverse cholesterol 

transport (Motte et al., 2020). In addition to 

metabolic factors, lifestyle factors such as 

diets high in saturated fats, low fiber intake, 

and physical inactivity, as well as 

demographic and hormonal influences, 

further deteriorate lipid profiles 

(Martemucci et al., 2024). Postmenopausal 

women, for example, experience estrogen 

decline associated with reduced HDL levels 

and increased cardiometabolic risk 

(Ryczkowska et al., 2023). Other factors, 

including disease duration, treatment 

adherence, and nutritional status, also 

influence both HbA1c and HDL levels (Mužik 

et al., 2023). In Indonesia, although routine 

assessment of lipid profile and HbA1c is 

recommended for T2DM patients, 

implementation is often limited by barriers 

such as restricted healthcare access, low 

patient awareness, and financial constraints 

(Alkaff et al., 2021). These limitations result 

in many patients failing to achieve optimal 

glycemic and lipid targets, thereby 

maintaining a high risk of cardiovascular 

complications (Dakal et al., 2025). 

Investigating the relationship between 

HDL and HbA1c in primary care settings such 

as community health centers (Puskesmas) is 

crucial for strengthening local evidence 

(Firhat et al., 2023). The findings can serve as 

a reference for comprehensive monitoring 

strategies by integrating lipid profile and 
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HbA1c assessments into routine T2DM 

evaluation, while also promoting 

multidimensional interventions combining 

pharmacological therapy with lifestyle 

education, including balanced diets, 

increased physical activity, and weight 

management (Singh et al., 2024). 

Furthermore, this research can raise patient 

awareness regarding the interplay between 

glycemic control and cardiovascular health, 

emphasizing the importance of maintaining 

both HbA1c and HDL within normal ranges 

(Widiarti et al., 2025). Local evidence may 

also inform preventive policies by healthcare 

providers and local governments to design 

individualized cardiovascular risk reduction 

programs, particularly for patients with high 

HbA1c and low HDL (Bancks et al., 2024). In 

addition, the study can provide a basis for 

longitudinal and multivariate research to 

identify confounding factors influencing the 

HbA1c and HDL relationship, such as 

nutritional status, disease duration, 

treatment regimen, and complication 

history. 

Based on these considerations, this 

study aimed to analyze the association 

between HDL and HbA1c levels among T2DM 

patients. The results are expected to 

contribute to scientific evidence supporting 

promotive and preventive strategies against 

cardiometabolic complications, as well as to 

provide a reference for developing more 

comprehensive and evidence-based 

management approaches for T2DM. 

 

2. METHODS  

This study employed an observational 

analytic design with a correlational approach 

in the form of a quantitative study. A cross-

sectional retrospective design was applied, 

in which data collection and analysis were 

conducted using secondary laboratory 

records. Data were obtained from medical 

records of patients with type 2 diabetes 

mellitus (T2DM) at Puskesmas Sisir, Batu 

City, in July 2025. This design was chosen 

because it allows the researchers to examine 

the association between High Density 

Lipoprotein (HDL) and glycated hemoglobin 

(HbA1c) levels in a specific population 

without direct intervention, while being 

efficient in terms of time and resources. 

The study population consisted of all 

patients diagnosed with T2DM who 

underwent lipid profile and HbA1c 

examinations during July 2025. Samples 

were selected using a total sampling 

technique based on secondary laboratory 

data within the study period. A total of 79 
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respondents met the inclusion criteria. 

Inclusion criteria were patients with a 

confirmed diagnosis of T2DM and complete 

laboratory data on both HDL and HbA1c 

levels, and who were actively registered in 

healthcare services at Puskesmas Sisir. 

Exclusion criteria included patients with 

incomplete laboratory data or the presence 

of comorbid conditions that could 

significantly affect lipid and glucose levels, 

such as severe liver disease or end-stage 

renal failure. The independent variable in 

this study was glycated hemoglobin (HbA1c, 

%), and the dependent variable was High 

Density Lipoprotein (HDL, mg/dL). Both 

variables were measured based on 

laboratory test results recorded in patients’ 

medical records. 

The research instrument was an 

observation sheet specifically designed to 

collect secondary data from patient records. 

Data recorded included patient identity 

(age, religion, gender, education, 

employment), HDL levels, HbA1c levels, and 

additional demographic characteristics. 

Data were collected by reviewing laboratory 

records of T2DM patients for the 

examination period of July 2025. Eligible 

data according to inclusion criteria were 

documented in the observation sheet. 

Patient confidentiality was maintained by 

coding or using initials instead of full names 

or other personal identifiers. Data were 

analyzed using SPSS version 26. The 

association between HDL and HbA1c levels 

was examined using Spearman’s rank 

correlation test. The results were presented 

as correlation coefficients (r) and 

significance values (p), with a significance 

level set at α ≤ 0.05. 

This study was reviewed and approved 

by the Health Research Ethics Committee, 

Faculty of Health Sciences, Universitas 

Brawijaya. The research protocol was 

approved under ethical clearance number 

25F171111112M and ethical approval letter 

number 210/UN10.F17.10.4/TU/2025. Ethical 

approval was valid from July 24, 2025, to July 

24, 2026. All research procedures adhered to 

the ethical principles of the Declaration of 

Helsinki, including respect for patient 

privacy and confidentiality.
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3. Results  

Table 1. General Characteristics of the Patients (n = 79) 
Demographic n % 

Age (years) 

<45 

45-65 

> 65 

 

10  

40  

29  

 

12.7% 

50.6% 

36.7% 

Religion 

Islam 

Non islam 

 

65  

14  

 

82.3% 

17.7% 

Gender 

Male 

Female 

 

18  

61  

 

22.8% 

77.2% 

Education 

No school 

Elementary school 

Middle School 

High school 

College 

 

5  

20  

15  

25  

14  

 

6.3% 

25.3% 

19.0% 

31.6% 

17.7%) 

Employment  

Unemployed  

Labor 

Entrepreneur 

 

22  

30  

27  

 

27.8% 

38.0% 

34.2% 

Respondent characteristic data shows 

that total of 79 respondents participated in 

this study. Based on age distribution, the 

majority were in the 45–65 years group (n = 

40; 50.6%), followed by those aged >65 years 

(n = 29; 36.7%), and <45 years (n = 10; 12.7%). 

In terms of religion, most respondents were 

Islam (n = 65; 82.3%), while a smaller 

proportion were non-Islam (n = 14; 17.7%). 

Regarding gender, the majority were female 

(n = 61; 77.2%), while males (n = 18; 22.8%). For 

education level, the largest group of 

respondents had completed high school (n = 

25; 31.6%), followed by elementary school (n 

= 20; 25.3%), middle school (n = 15; 19.0%), 

college (n = 14; 17.7%), and no formal 

education (n = 5; 6.3%). Employment status 

showed that most respondents were 

laborers (n = 30; 38.0%), followed by 

entrepreneurs (n = 27; 34.2%) and 

unemployed individuals (n = 22; 27.8%). 

Table 2. Descriptive statistics of HDL cholesterol and HbA1c levels among T2DM patients  
Variable n Minimum Maximum Mean Standard Deviation 

HDL (mg/dL) 79 28.0 63.0 44.8 8.5 

HbA1c (%) 79 6.0 12.2 8.3 1.6 

https://ebsina.or.id/journals/index.php/JRCNP
https://ebsina.or.id/journals/index.php/JRCNP


Journal of Rural Community Nursing Practice (JRCNP) 
Volume 3 Issue 2, September 2025, pp 234-249 

https://ebsina.or.id/journals/index.php/JRCNP 

eISSN 2986-7401, pISSN 2986-8424 
 

 240 The Relationship Between HDL and HbA1C in Type 2 Diabetes Mellitus Patients 

Table 2 presents the descriptive 

statistics of HDL cholesterol and HbA1c 

levels among T2DM patients (n = 79). The 

mean HDL cholesterol level was 44.8 mg/dL 

(SD = 8.5), with values ranging from 28.0 to 

63.0 mg/dL, indicating that several patients 

had HDL levels below the optimal threshold 

for cardiovascular protection. The mean 

HbA1c level was 8.3% (SD = 1.6), with a 

minimum of 6.0% and a maximum of 12.2%. 

These results suggest that the majority of 

patients had poor glycemic control, as the 

average HbA1c exceeded the recommended 

target of <7%. Collectively, these findings 

highlight the metabolic risk burden faced by 

T2DM patients, particularly the coexistence 

of low HDL cholesterol and elevated HbA1c, 

which may contribute to an increased risk of 

cardiovascular and microvascular 

complications. 

The bivariate analysis was conducted 

to examine the relationship between High-

Density Lipoprotein (HDL) and glycated 

hemoglobin (HbA1c) levels among 79 

respondents. The Spearman’s rank 

correlation test revealed a negative 

correlation between the two variables, with 

a correlation coefficient of r = –0.132 and a 

significance value of p = 0.246 (α ≤ 0.05). This 

finding indicates a tendency that higher HDL 

levels are associated with lower HbA1c 

values. However, the strength of this 

relationship was weak, and the result was 

not statistically significant. Therefore, in this 

study population, increased HDL 

concentrations did not consistently 

correspond to meaningful improvements in 

long-term glycemic control. 

Table 3. Results of the Analysis of the Relationship between HDL and HbA1c 

Variable n α r p 

HDL 
79 0.05 -0.132 0.246 

HbA1C 
 

4. DISCUSSION 

This study explored the relationship 

between high density lipoprotein (HDL) 

cholesterol and glycated hemoglobin 

(HbA1c) among patients with type 2 diabetes 

mellitus (T2DM). A negative trend was 

observed, whereby higher HDL levels were 

associated with lower HbA1c values. 

However, the correlation was weak and 

failed to achieve statistical significance, 

indicating that improved HDL levels may not 

directly reflect better glycemic control in this 

population (AlZeer et al., 2025). Potential 

influences include demographic 
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characteristics, treatment adherence, 

nutritional status, and unmeasured 

confounding factors (Sharahili et al., 2023). 

The findings are consistent with 

previous research that reported no 

significant HDL and HbA1c association 

among Chinese adults, suggesting possible 

roles of ethnicity and lifestyle (Xiao et al., 

2025). In contrast, a significant negative 

correlation was documented in Indonesian 

patients, supporting a meta-analysis that 

associated higher HDL with improved 

metabolic outcomes (Lawton et al., 2024). 

Differences across studies may reflect 

variations in sample size, methodology, and 

clinical heterogeneity (Wu et al., 2025). 

Pathophysiological mechanisms 

provide a rationale for an inverse 

relationship, chronic hyperglycemia due to 

insulin resistance induces oxidative stress 

(Iheagwam & Iheagwam, 2025), protein 

glycosylation (Galicia-Garcia et al., 2020), 

and systemic inflammation (Iheagwam & 

Iheagwam, 2025), impairing lipid 

metabolism through reduced lipoprotein 

lipase and lecithin cholesterol 

acyltransferase activity (Gao et al., 2022). 

Consequently, diminished HDL impairs 

reverse cholesterol transport, promoting 

atherosclerosis (Ouimet et al., 2019). 

Elevated HbA1c further worsens lipid 

dysfunction (Huang et al., 2025). Although 

the observed association direction supports 

these mechanisms, the weak correlation 

highlights the complexity of HDL and HbA1c 

regulation. Clinically, these findings 

underscore the importance of 

comprehensive risk assessment in T2DM. 

HDL should not be used in isolation but 

interpreted alongside HbA1c, full lipid 

profiles, blood pressure, body mass index, 

and lifestyle factors (Liao et al., 2025). 

Patient education should emphasize strict 

glycemic control through adherence, diet, 

exercise, and weight management 

(American Diabetes Association, 2022). 

Improving HDL remains relevant but should 

be integrated within broader 

cardiometabolic risk management 

strategies (Wang et al., 2023). Routine 

monitoring of HbA1c and lipid profiles in 

primary care is essential for early 

identification of cardiovascular 

complications (Jalal et al., 2023). Although 

statistical significance was not achieved, the 

local evidence supports risk-based 

interventions for patients with high HbA1c 

and low HDL levels. 

Implications for nursing practice 

include the need for nurse led health 

education and counseling to strengthen 

patient adherence to diet, exercise, and 
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medication regimens, while promoting 

awareness of the dual importance of 

glycemic control and lipid management. 

Nurses in primary care can play a pivotal role 

in implementing routine screening 

protocols, monitoring both HbA1c and HDL 

levels, and providing individualized lifestyle 

modification strategies. Furthermore, 

integrating culturally sensitive education 

and community-based interventions may 

enhance patient engagement and improve 

long-term cardiometabolic outcomes in 

T2DM populations. 

This study has limitations: its 

retrospective cross-sectional design 

precludes causal inference; the 

predominance of elderly female 

respondents limits generalizability; and 

important confounders, including disease 

duration, treatment regimens, and lifestyle 

variables, were uncontrolled. The relatively 

small sample size may also have reduced 

statistical power. 

Future studies with longitudinal 

designs, larger cohorts, and multivariable 

analyses are warranted to clarify the HDL 

and HbA1c relationship and strengthen the 

evidence for cardiovascular risk prevention 

in T2DM. 

 

 

5. CONCLUSION 

In conclusion, this study identified a 

weak but inverse relationship between HDL 

cholesterol and HbA1c levels among T2DM 

patients in a primary care setting, although 

the association did not reach statistical 

significance. These findings suggest that 

HDL alone is not a reliable indicator of 

glycemic control and highlight the 

multifactorial regulation of both lipid and 

glucose metabolism. Comprehensive patient 

management integrating HbA1c, lipid 

profiles, cardiovascular risk factors, and 

lifestyle behaviors remains essential. Future 

longitudinal studies with larger, more 

diverse cohorts and rigorous control of 

confounding factors are needed to clarify 

the clinical significance of the HDL and 

HbA1c relationship and to guide more 

effective cardiometabolic risk reduction 

strategies in T2DM populations. 
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