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Abstract

Diabetes Mellitus is a syndrome characterized by high blood sugar levels and various metabolic disorders
caused by hormonalimbalance. The aim of this study was to determine the relationship between total cho-
lesterol levels in type 2 diabetes mellitus sufferers at Krakatau Medika Hospital, Cilegon City. This research
uses a cross-sectional research design. The samples in this study amounted to 30 samples. The results
of the study showed that total cholesterol levels in type 2 DM sufferers were 68.7%, totalling 22 patients.
Frequency distribution of total cholesterol levels based on age with a percentage of 76.5%, totalling 13
patients aged > 50 years. Based on gender, with a percentage of 89.5%, 17 patients were female. Based on
body mass index with a rate of 64%, there were 16 patients with a BMI > 27 (obese). Based on statistical
tests show that there is a relationship between total cholesterol levels in type 2 DM sufferers with a p-value
of 0.001 (p < 0.05).
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INTRODUCTION

Type 2 Diabetes Mellitus (T2DM) is a metabolic dis-
ease whose prevalence continues to increase globally.
According to the International Diabetes Federation!,
around 463 million people worldwide live with diabe-
tes, and it is estimated that this number will increase to
700 million by 2045. Indonesia is one of the countries
with a T2DM often goes undetected, causing severe
complications such as cardiovascular disease, retinopa-
thy, nephropathy, and neuropathy.?

Total cholesterol and blood sugar levels are two
important parameters that influence the prognosis
of T2DM sufterers.®* High total cholesterol levels are
associated with an increased risk of coronary heart dis-
ease, which is one of the leading causes of morbidity
and Mortality in T2DM patients’. Meanwhile, poor
blood sugar control can worsen microvascular and
macrovascular complications.” Therefore, monitoring
and managing total cholesterol and blood sugar levels
in T2DM sufferers is crucial to preventing life-threat-
ening complications.

Recent research shows that comprehensive
Management, including diet control, physical activ-
ity, and pharmacological therapy, can reduce the risk
of complications in T2DM patients®. Several studies
show that lifestyle interventions such as weight loss,
increased physical in addition, using antidiabetic drugs
such as metformin and SGLT2 inhibitors has been
proven effective in controlling blood sugar and provid-
ing cardioprotective effects.”®

However, despite advances in the therapy and
Management of T2DM, the prevalence and compli-
cations of the disease remain high. Epidemiological
studies show that many T2DM patients do not achieve
recommended blood sugar and lipid control targets’.
Lack of treatment adherence, limited access to health
care, and social and economic factors are some barriers
to managing T2DM. 101!

Although a large body of research examines the
effects of lifestyle and pharmacological interventions on
the Management of T2DM, several areas still require
turther exploration. First, the relationship between
various metabolic parameters, such as total cholesterol
and blood sugar, and how these interactions influence
the long-term prognosis in T2DM patients still needs
to be fully understood. Most existing studies focus on
one of the parameters in isolation, whereas a holistic

approach that considers multiple parameters simulta-
neously can provide more comprehensive insights.>"

Second, although the eftectiveness of various inter-
ventions has been demonstrated in clinical research,
real-world implementation often needs to be improved.
Factors such as patient compliance, health education,
and social support play an essential role in the success-
ful Management of T2DM but are often overlooked
in clinical studies.'*® Therefore, further research is
needed to explore how interventions can be imple-
mented effectively in real-world contexts.

Third, there are gaps in research regarding dif-
ferences in response to treatment based on individ-
ual characteristics such as age, gender, ethnicity, and
comorbidities. A better understanding of these varia-
tions in response may aid in developing more person-
alized and effective treatment strategies.®' Taking into
account the existing research gaps, this study aims to
investigate the relationship between total cholesterol
levels and blood sugar in T2DM sufferers, as well
as the factors that influence the control of these two
parameters.

METHOD

Study Design

This study used a cross-sectional design to evaluate
total cholesterol and blood sugar levels in people with
Type 2 Diabetes Mellitus (T2DM). This design was
chosen because it allows researchers to collect data at
one point in time from a predetermined population,
thus providing a clear picture of the health condition
of the respondents at the time the research was con-
ducted.'” The data obtained will be analysed to identify
the relationship between total cholesterol levels and
blood sugar in T2DM sufferers.

Population and Sample

'The population in this study were all patients diag-
nosed with T2DM at Krakatau Medika Hospital,
Cilegon City. Based on hospital medical record data,
around 200 patients diagnosed with T2DM. From this
population, a sample of 30 people was taken using the
purposive sampling method, namely a sampling tech-
nique that is based on certain criteria in accordance
with the research objectives.’® The inclusion criteria
for this research sample were patients diagnosed with
T2DM by a doctor and patients willing to follow all

research procedures and provide informed consent.
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Exclusion criteria include patients with acute compli-
cations of T2DM who require intensive care, patients
who have other diseases that affect lipid and blood
sugar metabolism, such as chronic liver or kidney dis-
ease, and patients who are undergoing long-term cor-
ticosteroid therapy.

Data collection technique

Data were collected through two main methods:
structured interviews and laboratory measurements.
Structured interviews were used to collect demo-
graphic and medical history data, including duration of
T2DM diagnosis, current treatment, and lifestyle (diet,
physical activity, smoking, and alcohol consumption).
Interviews were conducted by trained medical person-
nel to ensure the consistency and accuracy of the data
obtained.

Laboratory measurements are carried out to determine
total cholesterol levels and fasting blood sugar. Blood
sampling was carried out by hospital laboratory staft in
accordance with standard operational procedures. Total
cholesterol levels were measured using the colorimet-
ric enzymatic method while fasting blood sugar levels
were measured using the glucose oxidase-peroxidase

(GOD-POD) method.

Case Screening

Screening was carried out to ensure that all participat-
ing respondents met the inclusion criteria and were
not included in the exclusion criteria. The screening
stage involves examining medical records and initial
interviews with potential respondents. The screening
process aims to ensure data accuracy and reduce the
possibility of selection bias."

Data analysis

Data from laboratory measurements and interviews
were analysed using descriptive and inferential sta-
tistics. Descriptive statistics were used to describe
the demographic characteristics of respondents and
the distribution of total cholesterol levels and fasting
blood sugar. Inferential statistical analysis involved the
Pearson correlation test to evaluate the relationship
between total cholesterol levels and blood sugar in

T2DM sufferers. The significance level used is p < 0.05.

Informed Consent and Ethics
Before data collection, all respondents were given
an explanation of the purpose of the research, the

procedures to be undertaken, and the potential risks
and benefits that might arise. The explanation was
carried out by the main researcher and accompanied
by the provision of an information sheet that could
be read and understood by respondents. After under-
standing and agreeing, respondents were asked to sign
an informed consent form as a sign of agreement to
participate in this research.

This research has received approval from the Health
Research Ethics Committee of the Banten Ministry of
Health Polytechnic. All research procedures were car-
ried out in accordance with the principles of research
ethics, including respecting the privacy and confiden-
tiality of respondents’ information, as well as ensur-
ing that there was no risk of harm to participants.
Respondents’ identities were disguised using a unique
code for each participant, and data was stored securely
to prevent unauthorized access.

RESULTS

Research on the Relationship between Total
Cholesterol Levels and Characteristic Factors in Type
2 Diabetes Mellitus Patients with a Cross-Sectional
design was carried out at Krakatau Medika Hospital,
Cilegon City, in January-March. The number of sam-
ples in this study was 30 people.

Table 1. Comparative Analysis of Fasting Blood Sugar Levels and
Total Cholesterol Variables

Criteria Fasting Blood Sug-  Total Cholesterol
ar Levels Levels
N 30 30
Mean 173.9 235.3
Mode 126 206
Max 432 368
Min 115 157

The mean total cholesterol level was higher than the
tasting blood sugar level, namely the average was 235.3
and the fasting blood sugar level was 126 while the

total cholesterol level was 206.

Total Cholesterol Levels in Type 2 Diabetes Mellitus
Patients

Data on total cholesterol levels in type 2 diabetes mel-
litus sufferers were analyzed using univariate analysis
with the aim of describing the frequency distribution
of each variable studied.
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Table 2. Frequency Distribution of Results of Fasting Blood Sugar
Levels in Type 2 Diabetes Mellitus Sufferers

Table 5. Frequency Distribution of Total Cholesterol Levels in
Type 2 Diabetes Mellitus Patients Based on Gender

Fasting Blood Amount %
Sugar Levels
< 126 mg/dl 6 20
> 126 mg/dl 24 80
Total 30 100

Based on Table 2, the percentage of patients with high
fasting glucose levels, namely > 126 mg/dl, showed a
result of 80% (24 patients). Meanwhile, the percent-
age of patients with normal fasting blood sugar lev-
els, namely < 126 mg/dl, showed a result of 20% (6
patients).

Table 3. Frequency Distribution of Results of Total Cholesterol
Levels in Type 2 Diabetes Mellitus Patients

Total Cholesterol Amount %
Levels
<200 mg/dl 4 13.3
> 200 mg/dl 24 86.7
Total 30 100

Based on Table 3, the percentage of patients with high
total cholesterol levels, namely > 200 mg/dl, showed
a result of 86.7% (26 patients). Meanwhile, the per-
centage of patients with normal total cholesterol levels,

namely < 200 mg/dl, showed 13.3% (4 patients).

Table 4. Frequency Distribution of Total Cholesterol Levels in
Type 2 Diabetes Mellitus Patients Based on Age

Gender
Woman Man

Total Total
Cho-
lesterol

Levels
Normal
<200 2 40 3 60 5 100
mg/dl
No

Normal
5200 17 68 8 32 25 100

mg/dl
Total 19 83.3 16 16.7 30 100

Amount %  Amount % Amount %

Based on table 5. The frequency distribution of patients
is based on gender; the highest is female, with a per-
centage of 83.3% (19 patients). There were two patients
with normal cholesterol levels and 17 patients with
abnormal cholesterol levels.

Table 6. Frequency Distribution of Total Cholesterol Levels in
Type 2 Diabetes Mellitus Patients Based on Body Mass Index

Body Mass Index
Cholester- (11;3r_r2rl;10) (254(1;‘_32'..7.0) Obesity (227) Total
ol Levels
Amount | % | Amount | % | Amount | % | Amount %
Normal
<200 0 0 3 60 2 40 5 100
mg/dl
No
Normal
200 2 8 7 28 16 64 25 100
mg/dl
Total 2 6.7 10 33.3 18 60 30 100

Age
Total Young Pre-Elderly (45-60 Total
Cholesterol (18-44 Years) Years) ©
Levels Amount % Amount % Amount %
Normal
o 1 25.0% 3 75.0% 4 100%
<200 mg/dl
Abnormal
.8% 1 .29 100%
2200 mg/d] 8 30.8% 8 69.2% 26 00%
Total 9 30.0% 21 70.0% 30 100%

Based on table 4. The frequency distribution of patients
based on age, the highest is 45-60 years old with a
percentage of 70.0% (21 patients). There were three
patients with normal cholesterol levels and 18 patients
with abnormal cholesterol levels.

Based on Table 6, the Frequency distribution of
patients based on mass index, The highest body weight
is obesity (= 27) with a percentage of 60% (18 patients).
There were two patients with normal cholesterol levels
and 16 patients with abnormal cholesterol levels.

Table 7. Relationship between Total Cholesterol Levels in Type 2
DM Sufferers

Glucose Levels
Normal Abnormal Poval
Total Cholesterol | (¢ ne/d) (2126 mg/dl) value
Levels
N % N %
Normal 6 | 187 3 9.4
<200 mg/dl . :
0.001
Abnormal
1 3,2 22 68.7
2200 mg/dl
Total 7 219 25 78.1
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Statistical analysis using the Chi-square test showed
that the p-value was 0.001 (< 0.05), meaning it was
significant, meaning there was a relationship between
total cholesterol levels in people with type 2 diabetes
mellitus at Krakatau Medika Hospital, Cilegon City.

DISCUSSION

'The results of this study showed that the majority of
respondents had high total cholesterol levels. These
findings are consistent with previous studies showing
that dyslipidemia is common in people with T2DM.*
Dyslipidemia in T2DM is generally characterized by
increased levels of total cholesterol, LDL (low-density
lipoprotein), and triglycerides, as well as decreased lev-
els of HDL (high-density lipoprotein).?!

The increase in total cholesterol levels in T2DM
patients can be explained by insulin resistance which
disrupts lipid metabolism. Insulin resistance leads to
increased VLDL (very low-density lipoprotein) pro-
duction in the liver and decreased lipoprotein lipase
activity, which contributes to the accumulation of LDL
and total cholesterol in the blood.*

Type 2 Diabetes Mellitus (T2DM) is one of the
most common metabolic diseases and is a severe global
health problem. T2DM is characterized by chronic
hyperglycaemia due to insulin secretion deficiency or
insulin resistance that causes various metabolic com-
plications, including lipid disorders such as hypertri-
glyceridemia and dyslipidaemia. This research shows
that the majority of T2DM sufferers at Krakatau
Medika Hospital, Cilegon City have high levels of
total cholesterol and blood sugar, which contribute sig-
nificantly to their morbidity and mortality.

'This study found that 86.7% of the sample had total
cholesterol levels > 200 mg/dL. This is consistent with
previous studies showing a high prevalence of dyslipi-
daemia in T2DM patients.” Dyslipidaemia in T2DM
is often characterized by increased LDL-C (Low-
Density Lipoprotein Cholesterol) levels, decreased
HDL-C (High-Density Lipoprotein Cholesterol)
levels, and increased triglycerides, which collectively
increase the risk of cardiovascular disease.”

The majority (80%) of patients in this study had
fasting blood glucose levels > 126 mg/dL, indicat-
ing poor glycaemic control. Chronic hyperglycaemia
in T2DM can accelerate the atherosclerosis process
through various mechanisms, including increased
production of oxygen free radicals, inflammation, and

endothelial dysfunction.”* Poor glycaemic control is
also associated with an increased risk of microvascular
complications such as diabetic nephropathy, neuropa-
thy, and retinopathy.® These findings are in line with
several previous studies showing that hyperglycae-
mia is associated with increased levels of lipids in the
blood.*** Hyperglycaemia can affect lipid metabolism
through several mechanisms, including increased lip-
olysis, increased triglyceride synthesis, and inhibition
of lipoprotein lipase activity. Additionally, the under-
lying insulin resistance of T2DM contributes to dys-
lipidaemia by increasing VLDL production in the liver
and reducing LDL removal from the circulation.”

Frequency distribution by age showed that patients
in the 45-60 year age range had the highest prevalence
of high total cholesterol levels, with 69.2% of patients
being abnormal. This may be due to age-related factors
associated with decreased metabolism and increased
risk of obesity and metabolic syndrome."

In terms of gender, this study found that women
had a higher prevalence of high total cholesterol lev-
els than men. This is in line with other studies show-
ing that postmenopausal women have a higher risk
of dyslipidaemia than men, possibly due to hormonal
changes that affect lipid metabolism.*®

This study also found that patients with a BMI >
27 (obese) had the highest prevalence of high total
cholesterol levels, namely 64%. Obesity is a significant
risk factor for T2DM and dyslipidaemia, as excessive
adipose tissue can increase insulin resistance and alter
lipid metabolism.'* Lifestyle interventions such as a
healthy diet and increased physical activity are essen-
tial in managing body weight and reducing the risk of
metabolic complications in T2DM patients.?*

The relationship between total cholesterol levels
and blood sugar in T2DM patients is significant to
understand. This study shows a significant relationship
between total cholesterol levels and fasting blood sugar
(p < 0.05).This suggests that increased blood sugar lev-
els may contribute to increased total cholesterol levels
through mechanisms of insulin resistance and chronic
inflammation.®
'The findings from this study emphasize the importance
of comprehensive management of T2DM that includes
control of blood sugar and lipids. The use of pharma-
cological therapies such as metformin and SGLT2
inhibitors can help control blood sugar and provide
cardioprotective effects.”® Additionally, lifestyle inter-
ventions such as weight loss, increased physical activity,
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and a diet low in saturated fat can significantly reduce
total cholesterol and blood sugar levels.?”*!

CONCLUSION

'This study confirms that there is a significant relation-
ship between total cholesterol levels and blood sugar
in T2DM patients. The results of this study also show
that age, gender, and BMI play an essential role in the
distribution of total cholesterol and blood sugar levels
in T2DM patients. Comprehensive management that
includes diet control, physical activity, and pharmaco-
logical therapy is essential to prevent life-threatening
complications in T2DM patients. However, challenges
in implementing interventions and variations in indi-
vidual response need to be further explored to improve
the effectiveness of T2DM treatment in the real world.

Conflicts of Interest. All authors have no conflicts of
interest.

'The author declare that all the procedures and experi-
ments of this study respect the ethical standards in the
Helsinki Declaration of 1975, as revised in 2008(5), as
well as the national law. Informed consent was obtained
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