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Abstract

Type 2 Diabetes Mellitus (T2DM) is a chronic metabolic disease characterized by
impaired glucose and lipid metabolism, increasing the risk of dyslipidemia, which
contributes to cardiovascular complications. This study aims to determine the
relationship between fasting blood glucose (FBG) levels and lipid profiles in T2DM
patients at Andalas Padang Community Health Center. This study used an analytical
design with a cross-sectional approach based on medical record data. The study sample
consisted of 88 randomly selected T2DM patients. Data were analyzed using the
Spearman correlation test. The results showed that the majority of patients had high
FBG levels (83.0%), normal total cholesterol (77.3%), low HDL (81.8%), high
triglycerides (71.6%), and high LDL (38.6%). Bivariate analysis showed a significant
relationship between FBG and triglycerides (p = 0.036) and LDL (p = 0.055).
Meanwhile, there was no significant relationship between FBG and total cholesterol (p
= 0.097) or HDL (p = 0.102). This study concludes that there is a relationship between
GDP levels and triglycerides and LDL in type 2 DM patients. Suggestions, health
workers are expected to increase monitoring of lipid profiles, especially LDL, in type 2
DM patients. Patients are also advised to comply with diet, physical activity, and drug
therapy.
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Introduction

Nearly one in eleven adults worldwide has type 2 diabetes mellitus, and
approximately 75% of diagnosed diabetes patients live in developing countries
(Widiasari et al., 2021). Type 2 diabetes mellitus is a disease caused by insulin not
working properly due to reduced or altered insulin receptors in cells, resulting in limited
glucose entry into the cells, a condition known as insulin resistance (Rahayu, 2020).

According to the World Health Organization (WHO), in 2022, there were 830
million adults worldwide aged 18 years and over who had diabetes mellitus (DM)
(Annisa 2021). The latest data on the incidence of diabetes mellitus (DM) in West
Sumatra in 2023 showed an increase in prevalence compared to previous years. Based
on the 2023 Health Survey (SKI), the prevalence of diabetes mellitus in West Sumatra
reached 1.6%. Padang, the provincial capital, is the city with the highest number of
diabetes mellitus cases in West Sumatra, with 44,280 cases (Anisha et al., 2023).
Preliminary data obtained from the Padang City Health Office ranks DM as the sixth
most prevalent disease, and Andalas Community Health Center ranks first for the
highest number of cases.

High blood glucose concentrations can disrupt fat metabolism by causing
increases in total cholesterol, triglycerides (TG), and low-density lipoprotein (LDL), as
well as decreases in high-density lipoprotein (HDL) levels (Kesehatan et al., 2024). One
of the long-term problems of diabetes mellitus is metabolic disorders, such as problems
with the production and elimination of lipoproteins in the plasma, known as
dyslipidemia. Insulin resistance is a key factor influencing diabetes mellitus and is
closely linked to hypertension and dyslipidemia. Dyslipidemia is a condition
characterized by an imbalance in blood lipid levels, including total cholesterol, low-
density lipoprotein (LDL), triglycerides, and HDL. Elevated lipid levels can lead to
narrowing of the arteries, or atherosclerosis (Saragih, 2020). Diabetic patients often
exhibit characteristic signs of dyslipidemia, which is closely linked to an increased risk
of cardiovascular disease. Conversely, triglyceride levels exceeding normal limits,
combined with low HDL levels, can disrupt glucose metabolism and potentially lead to
hyperglycemia (Supriati, 2020).

In patients with type 2 diabetes, dyslipidemia is a common condition,
characterized by elevated triglyceride levels and decreased HDL levels. Previous studies
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have shown a relationship between HbA1c and lipid profiles, particularly cholesterol
and triglyceride levels. A 2023 study by Dian Handayani et al. found a correlation
between HbA1c and lipid profiles in patients with type 2 diabetes mellitus at M. Yunus
Hospital (Handayani et al., 2023). Other research suggests that HbA1c can serve as an
indicator of dyslipidemia (a condition characterized by abnormal lipid levels in the
blood) in addition to being an accurate measure of glycemic control (Pramono, 2024).

In the Framingham Heart Study, patients with diabetes mellitus (DM) were
twice as likely to experience hypertriglyceridemia and decreased HDL cholesterol
levels. Furthermore, 20% of men with DM and 25% of women with DM had very low
HDL cholesterol levels. According to research conducted by Taqwin, of 108 DM
patients, 37 (34.26%) had hyperlipidemia. The types of hyperlipidemia identified
included low HDL (81.08%), elevated LDL (70.30%), and elevated triglyceride levels
(54.50%). A 2023 study at Moh. Ridwan Meuraksa Hospital found a relationship
between fasting blood glucose (FBG) and triglyceride levels.

Andalas Community Health Center (Puskesmas) is a healthcare facility located
in Padang City. Data on patients with diabetes mellitus in the Andalas Community
Health Center's coverage area continues to grow annually. In 2023, there were 266 cases
of diabetes mellitus. In 2024, this number increased to 982.

Based on the above background, the researcher will conduct a study on "The
Relationship Between Fasting Blood Glucose Levels and Lipid Profiles in Type 2
Diabetes Mellitus Patients at Andalas Community Health Center, Padang."

Method

1. Research design
This study employs an analytical observational approach using a cross-sectional data

collection method, aiming to provide an overview of fasting blood glucose levels and
lipid profiles in type 2 diabetes mellitus patients at the Andalas Padang Health Center.
2. Setting and samples

The research was conducted at Andalas Padang Health Center from November 2024
to July 2025. The population consisted of all patients suffering from type 2 Diabetes
Mellitus who underwent blood glucose level examination along with lipid profile at
Andalas Padang Health Center between January and December 2024. A total of 982
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patients were recorded as having type 2 Diabetes Mellitus. The sampling technique was
random sampling at Andalas Padang Health Center. The calculation results obtained a
sample size of 88 people.
3. Measurement and data collection

The data collection process is through documentation studies, namely by researching
and documenting secondary data from medical records of Type 2 Diabetes Mellitus
patients at the Andalas Padang Health Center, and through direct measurement of
fasting blood glucose levels and lipid profiles (total cholesterol, triglycerides, HDL,
LDL) were measured directly in DM patients.
4. Data analysis;

For data analysis, univariate and bivariate analyses were carried out, univariate to
describe the frequency distribution of gender, GDP levels, total cholesterol levels, HDL
cholesterol levels, LDL cholesterol levels, and triglyceride levels, and bivariate analysis
to determine the relationship between variables.

Results
A. Characteristics of Type 2 Diabetes Mellitus Patients
Table 1
Characteristics of Type 2 Diabetes Mellitus Patients at Andalas Padang Community Health Center
Respondent Characteristics Amount (n) (%)
Age
40-47 10 11,3
48-54 12 33,6
55-61 23 26,1
62-70 43 48,8
Amount 88 100
Sex
Male 24 27,2
Female 64 72,7
Amount 88 100
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B. Analysis Results
a. Univariate Analysis
Table 2
Average fasting blood glucose levels in type 2 diabetes mellitus patients at Andalas Padang
Health Center

Variable N Average ± SD
Level of fasting blood glucose 88 185,98 ± 62,630

Based on the results of Table 2, the average fasting blood glucose level of type
2 diabetes mellitus patients at the Andalas Padang Community Health Center was
185.98 mg/dl with a standard deviation of 62.630. The lowest blood glucose level was
99 mg/dl, while the highest was 350 mg/dl. This indicates a large variation between
subjects in terms of fasting blood glucose levels. Most respondents had glucose levels
that fell into the diabetes category, indicating that this population tends to have poor
glycemic control.
Table 3
Average total cholesterol levels in type 2 diabetes mellitus patients at Andalas Padang Health
Center

Variable N Average ± SD
Total cholesterol levels 88 234,33 ± 43,760
Based on the results in Table 3, the average total cholesterol level in type 2

diabetes mellitus patients was 234.33 mg/dl with a standard deviation of 43.760. The
lowest cholesterol level was 119 mg/dl, while the highest was 344 mg/dl. These
results indicate that most patients had hypercholesterolemia, meaning total cholesterol
levels above normal.
Table 4
Average High-Density Lipoprotein (HDL) cholesterol levels in patients with type 2 diabetes
mellitus at Andalas Community Health Center, Padang

Variable N Average ± SD
Levels of High-Density
Lipoprotein (HDL) cholesterol

88 45,86 ± 8,231

Table 4 shows that the average HDL cholesterol level in type 2 diabetes patients
was 45.86 mg/dl with a standard deviation of 8.231. The lowest HDL cholesterol
level was 25 mg/dl, while the highest was 59 mg/dl. These results indicate that most
patients had HDL levels that did not reach the protective limit, and some were even in
the low category, which increases the risk of cardiovascular complications.
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Table 5
Average Low-Density Lipoprotein (LDL) cholesterol levels in type 2 diabetes mellitus patients at
Andalas Padang Health Center

Variable N Average ± SD
Levels of Low-Density
Lipoprotein (LDL) Cholesterol

88 154,38 ± 40,114

Table 5 shows the average LDL cholesterol level in type 2 diabetes sufferers is
154.38 mg/dl with a standard deviation of 40.114. The lowest LDL cholesterol level
is 58 mg/dl, while the highest level is 264 mg/dl. This indicates that many
respondents are at risk of heart and blood vessel disease due to high LDL levels.
Table 6
Results of Triglyceride Level Analysis in Type 2 Diabetes Mellitus Patients at Andalas Padang
Community Health Center

Variable N Average ± SD
Triglyceride levels 88 147,66 ± 68,051
The analysis results of Table 6 show that the average triglyceride level of type 2

diabetes patients who participated in the study was 147.66 mg/dl with a standard
deviation of 68.051. The lowest triglyceride level was 54 mg/dl, while the highest
level was 467 mg/dl, indicating that there were respondents with very low and very
high triglyceride levels.

b. Bivariate Analysis
Table 7 Relationship between fasting blood glucose levels and total cholesterol levels in type 2
diabetes mellitus patients at Andalas Padang Health Center
Variable Total Cholesterol Value Interpretation
Fasting Blood Glucose R 0,178 Very weak correlation

p-value 0,097 No correlation

The results of the analysis of Table 7 show the relationship between fasting blood
glucose levels and total cholesterol levels in type 2 diabetes mellitus patients at
Andalas Padang Community Health Center. The correlation value (R) obtained was
0.178, which means there is a positive relationship, but the strength of the correlation
is very weak. This means that the higher the GDP level, the tendency is followed by
an increase in total cholesterol levels, but the relationship is not strong. The p-value =
0.097, greater than the significance limit (α = 0.05). This indicates that the
relationship found is not statistically significant, so the study can be concluded that
there is no significant relationship between fasting blood glucose levels and total
cholesterol levels in type 2 diabetes mellitus patients at Andalas Padang Community
Health Center.
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Table 8
Relationship between fasting blood glucose levels and HDL cholesterol levels in type 2 diabetes
mellitus patients at Andalas Padang Health Center

Variable HDL Cholesterol Value Interpretation
Fasting Blood Glucose R 0,175 Very weak correlation

p-value 0,102 No correlation
The analysis results of Table 8 between Fasting Blood Glucose (FBS) and High-

Density Lipoprotein HDL cholesterol show a very weak negative relationship
between fasting blood glucose levels and HDL cholesterol levels. This means that
when blood glucose levels increase, HDL levels tend to decrease slightly, but this
relationship is very weak. The p-value = 0.102 (p> 0.05), which means the
relationship is not statistically significant.
Table 9
The relationship between fasting blood glucose levels and LDL cholesterol in type 2 diabetes
mellitus patients at Andalas Padang Health Center
Variable LDL Cholesterol Value Interpretation
Fasting Blood Glucose R 0,206 Very weak correlation

p-value 0,055 No correlation

The analysis of Table 9 between Fasting Blood Glucose (FBS) and Low-Density
Lipoprotein (LDL) cholesterol shows a positive, weak correlation. This means that as
FBS levels increase, LDL cholesterol levels tend to increase, although the correlation
is very weak. The p-value is 0.055 (p>0.05), so the relationship is not statistically
significant.
Table 10
Relationship between fasting blood glucose levels and triglycerides in type 2 diabetes mellitus
patients at Andalas Padang Health Center
Variable Triglycerides Value Interpretation
Fasting Blood Glucose R 0,224 Very weak correlation

p-value 0,036 No correlation
The analysis of Table 10 between fasting blood glucose and triglycerides shows a

positive, weak correlation. This means that higher fasting blood glucose levels tend to
be followed by higher triglyceride levels, although the correlation strength is still low.
The p-value is 0.036 (p<0.05), indicating a statistically significant correlation.

Discussion

A. Characteristics of Type 2 Diabetes Mellitus Patients
Based on the characteristics data in Table 1, it can be seen that 10 people aged 40-

47 (11.3%), 12 people aged 48-58 (33.6%), 23 people aged 55-61 (26.1%), and 43
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people aged 62-70 (48.8%). Based on the Characteristics of Type 2 Diabetes Mellitus
Patients, this is in line with the theory that the risk of developing type 2 diabetes
mellitus increases with age. The aging process causes a decline in pancreatic β-cell
function and increases insulin resistance, making blood glucose levels more difficult
to control.

Based on gender, the majority of respondents were women (72.7%) compared to
men (27.2%). This condition may be influenced by hormonal factors, particularly the
decline in estrogen in postmenopausal women, which plays a role in glucose
metabolism and insulin sensitivity. Furthermore, lifestyle, physical activity, and body
fat distribution also contribute to the tendency for women to develop type 2 diabetes
mellitus more frequently.
B. Univariate Analysis
Average Fasting Blood Glucose Levels in Type 2 Diabetes Mellitus Patients at
Andalas Public Health Center, Padang

Based on the frequency distribution, 73 respondents were classified as diabetic
(≥126 mg/dL), 14 were prediabetic (100–125 mg/dL), and 13 were normal (<100 mg/d

L). These results indicate that most patients do not yet have optimal glycemic control.
In type 2 diabetes mellitus, fasting blood glucose levels tend to increase due to insulin
resistance and impaired insulin secretion, which prevent cells from optimally utilizing
glucose, while the liver continues to produce glucose even at high levels. This
condition leads to persistent fasting hyperglycemia, as shown in this study, where the
majority of respondents (83.0%) had high FBG levels. This hyperglycemia carries the
risk of metabolic and cardiovascular complications.

These findings are supported by research by Widiasari et al. (2021), which
found that the majority of patients with type 2 diabetes had FBG levels above 126
mg/dL. Researchers assume that the high average fasting blood glucose levels in type 2
DM patients are caused by insulin resistance and impaired insulin secretion, which is
exacerbated by diet, lack of physical activity, low therapy compliance, and long-term
diabetes.

Lipid Profile Levels in Type 2 Diabetes Mellitus Patients at Andalas Padang
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Community Health Center
Most respondents had high total cholesterol levels, abnormally high HDL, high

LDL, and high triglycerides. This indicates that the majority of type 2 diabetes patients
in this study had dyslipidemia, primarily characterized by high LDL and low HDL.
These results align with Taqwin's (2023) study, which reported that in type 2 diabetes
patients, the prevalence of dyslipidemia is quite high, with the dominant features being
elevated triglycerides (54.5%), elevated LDL (70.3%), and decreased HDL (81.08%).
The researchers assumed that the high rate of dyslipidemia in the patients in this study
was due to poor glycemic control, as evidenced by the high FBG levels (83.0%). This
chronic hyperglycemia condition causes changes in lipid metabolism, resulting in
increased triglycerides and LDL and decreased HDL. Furthermore, lifestyle factors
such as a high-fat and carbohydrate diet, lack of physical activity, and prolonged
diabetes exacerbate lipid profile abnormalities.
1) Average Total Cholesterol Levels in Type 2 Diabetes Mellitus Patients at

Andalas Padang Community Health Center
Based on the frequency distribution, 15 respondents had normal cholesterol levels (
<200 mg/dL), 35 respondents were classified as moderate (200–239 mg/dL), and 38

respondents were classified as high (≥240 mg/dL). This indicates that the majority

of patients had hypercholesterolemia and were at high risk for cardiovascular
disease.
In type 2 diabetes mellitus, insulin resistance increases lipolysis, resulting in excess
free fatty acids being converted by the liver into lipoproteins and cholesterol. This
finding is supported by Handayani et al. (2023), who stated that impaired glycemic
control is directly proportional to increased total cholesterol.
The researcher assumes that in type 2 diabetes mellitus patients at Andala Padang
Community Health Center, total cholesterol tends to increase due to insulin
resistance, which triggers increased lipid synthesis in the liver and decreased
lipoprotein breakdown. This total cholesterol level reflects the interaction of blood
glucose and lipid metabolism and has the potential to increase cardiovascular
complications.
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2) Average High-Density Lipoprotein (HDL) Cholesterol Levels in Type 2
Diabetes Mellitus Patients
The study results showed that no respondents had HDL levels in the normal
category (>60 mg/dL), while 68 respondents were in the abnormal category (40–59
mg/dL), and 20 respondents were in the poor category (<40 mg/dL). Low HDL
levels reduce the body's ability to remove cholesterol from peripheral tissues to the
liver, thereby increasing the risk of atherosclerosis and cardiovascular
complications. Rizqy et al. (2021) also found a negative correlation between blood
glucose levels and HDL, meaning that the higher the glucose level, the lower the
HDL level.
The researchers hypothesize that type 2 diabetes mellitus is influenced by a
combination of internal and external factors. Internally, insulin resistance and
chronic hyperglycemia disrupt lipid metabolism, reducing HDL formation.
Externally, a diet high in saturated fat, lack of physical activity, and poor patient
compliance with treatment also contribute to low HDL levels.

3) Average Low-Density Lipoprotein (LDL) Cholesterol Levels in Type 2
Diabetes Mellitus Patients
The study results showed that the majority of patients had high LDL levels, which
is a major risk factor for coronary heart disease. High LDL levels in patients with
type 2 diabetes are a major risk factor for cardiovascular complications.
Research by Rizqy et al. (2021) also showed a negative correlation between blood
glucose levels and HDL, meaning that the higher the blood glucose, the lower the
HDL levels. Researchers assume that hyperglycemia and insulin resistance in
patients with type 2 diabetes directly or indirectly cause increased LDL levels.
Therefore, in addition to controlling blood sugar levels, patients also need to
monitor and manage LDL levels through a diet low in saturated fat, exercise, and, if
necessary, lipid-lowering drug therapy.

4) Average Triglyceride Levels in Type 2 Diabetes Mellitus Patients
Research results showed that more than three-quarters of patients in this study
experienced elevated triglyceride levels above normal.
In patients with type 2 diabetes mellitus, triglyceride levels generally increase due
to insulin resistance, which causes excessive lipolysis in adipose tissue. This
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condition results in large amounts of free fatty acids entering the liver and being
converted into triglycerides and VLDL. Furthermore, research by Supriati (2020)
also emphasized that high triglycerides are an early sign of atherogenic
dyslipidemia, which is common in people with diabetes. Researchers assumed that
physiologically, high fasting blood glucose levels contribute to decreased HDL
levels, primarily through the mechanisms of insulin resistance and impaired lipid
metabolism. However, in the context of the analyzed data, this relationship was not
statistically strong, so it cannot be used as a conclusive basis for the assumption
that increased FBG is always followed by decreased HDL. These results
demonstrate the importance of considering other factors in interpreting HDL levels,
as well as the need for a multidisciplinary approach in managing dyslipidemia in
diabetic patients.

C. Bivariate Analysis
1. The Relationship Between Fasting Blood Glucose and Total Cholesterol in

The results of the bivariate analysis of the sperm correlation test showed a weak
positive correlation between GDP and total cholesterol (p = 0.178) with an r
value of 0.097 (p > 0.05). This means that higher fasting blood glucose levels
tend to increase total cholesterol levels, although this relationship was not
statistically significant.
Theoretically, chronic hyperglycemia due to insulin resistance causes lipid
metabolism disorders, including increased cholesterol synthesis in the liver. This
mechanism occurs because the HMG-CoA reductase enzyme becomes more
active and the number of LDL receptors decreases, preventing optimal
cholesterol clearance from the blood.
Studies by Saragih (2020) and Handayani et al. (2023) support this finding,
noting that patients with high glucose levels tend to have higher total cholesterol.
However, the non-significant results suggest that other factors, such as diet,
statin therapy, and physical habits, also contribute. The researchers speculated
that high GDP contributes to increased total cholesterol, although this study did
not find a statistically significant relationship.
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2. The Relationship Between Blood Glucose Levels and High-Density
Lipoprotein (HDL) Cholesterol in Type 2 Diabetes Mellitus Patients
The results of the sperm correlation test concluded that there was no statistically
significant relationship between fasting blood glucose (FBG) levels and HDL
cholesterol levels in patients with type 2 diabetes mellitus. A very weak positive
r value indicates that the relationship between the variables is weak and not
scientifically meaningful. Insulin resistance, the main characteristic of type 2
diabetes, affects lipid metabolism, including reducing HDL levels. One
mechanism is through decreased activity of the enzyme LCAT (Lecithin
Cholesterol Acyltransferase), which is responsible for cholesterol esterification
and the formation of mature HDL particles. Furthermore, there is increased
activity of CETP (Cholesteryl Ester Transfer Protein), which causes cholesterol
transfer from HDL to VLDL and LDL, resulting in rapid HDL removal from
circulation.
These findings align with research by Nurdin et al. (2022) and Rizqy et al.
(2021), which reported that patients with high blood glucose levels generally
have low HDL levels. They emphasized that chronic insulin resistance causes
HDL dysfunction in both quantity and quality. However, the results of these
studies did not show a statistically significant relationship. Researchers assumed
that physiologically, high fasting blood glucose levels contribute to decreased
HDL levels, primarily through insulin resistance and impaired lipid metabolism.
However, in the context of the analyzed data, this relationship was not
statistically strong, so it cannot be used as a conclusive basis that increased GDP
is always followed by decreased HDL. These results demonstrate the importance
of considering other factors in interpreting HDL levels.

3. Relationship between Fasting Blood Glucose and Low-Density Lipoprotein
(LDL) Cholesterol in Type 2 Diabetes Mellitus Patients
The results of the semen correlation test showed that higher GDP levels tended
to increase LDL levels. In diabetes, insulin resistance leads to increased
production of VLDL in the liver, which is converted to LDL in the circulation.
Furthermore, high blood glucose causes a decrease in the number and function
of LDL receptors in the liver, which prolongs the time LDL remains in the
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blood.
These results align with research by Marina Ludong (2024) and Rahayu (2020),
which found that patients with type 2 diabetes often exhibit elevated LDL levels,
and a correlation with GDP is often found, although not always strong. These
findings align with the results of this study, which showed a significant but weak
correlation. It can be assumed that fasting blood glucose levels are related to
LDL levels. The higher the fasting blood glucose level, the greater the tendency
for LDL levels to increase due to insulin resistance and impaired lipid
metabolism. However, this relationship may also be influenced by other factors
such as age, gender, duration of diabetes, diet, physical activity, and medication
therapy.

4. Relationship between Fasting Blood Glucose Levels and Triglyceride Levels
in Type 2 Diabetes Mellitus Patients
The Spearman correlation test results showed a weak positive relationship,
meaning that higher fasting blood glucose levels tend to be accompanied by
increased blood triglyceride levels. Physiologically, elevated triglyceride levels
in patients with type 2 diabetes are caused by insulin resistance, a condition in
which insulin is unable to optimally suppress lipolysis in adipose tissue. This
results in increased release of free fatty acids into the bloodstream. These free
fatty acids are then metabolized by the liver into triglycerides, which are
released as very low-density lipoprotein (VLDL).
This finding aligns with research by Oka Jaya et al. (2024), which showed that
high fasting blood glucose levels are significantly associated with elevated
triglyceride levels in diabetic patients.
The researchers in this study assumed that high FBG levels would increase the
risk of hypertriglyceridemia through impaired lipid metabolism pathways caused
by insulin resistance. Although the correlation strength is relatively weak, the
statistically significant relationship indicates that controlling fasting blood
glucose levels should be a priority in the management of type 2 DM patients, to
reduce the risk of more severe dyslipidemia.
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Conclusion

1. Fasting Blood Glucose (FBS) Levels: Most respondents in this study had high
fasting blood glucose levels. This indicates that the majority of patients have not
achieved optimal glycemic control.

2. Lipid Profile Levels: Most respondents experienced lipid profile disorders. As
many as 43.2% of respondents had conditions common to type 2 diabetes
patients at the study site.

3. Relationship between Fasting Blood Glucose Levels and Lipid Profiles:
Bivariate test results showed a statistically significant relationship. The
correlation between the two variables was weak and not statistically significant.
Overall, this study demonstrates that controlling fasting blood glucose levels is
crucial in reducing the risk of lipid profile disorders, particularly LDL and
triglycerides, which are major risk factors for cardiovascular disease in type 2
diabetes mellitus patients.
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