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Abstract

Type 2 diabetes mellitus (T2DM) is commonly associated with the characteristic lipid derangements of atherogenic
dyslipidaemia and a significantly increased risk of cardiovascular disease. Remnant cholesterol (RC) and non-high-
density lipoprotein (non-HDL) cholesterol are established markers of the overall burden of circulating atherogenic
lipoproteins. However, the correlation between these lipid markers and glycemic control remains unclear. This study
aimed to determine the correlation between RC and non-HDL cholesterol and to evaluate the correlation of each marker
with glycemic control in patients with T2DM. This cross-sectional study employed the anonymized secondary clinical
data obtained from the medical records of patients who visited the Integrated Diabetes Clinic of Dr Mohammad Hoesin
General Hospital, Palembang, Indonesia, during November-December 2025. All participants were on statin therapy at
the time of data collection. RC was calculated as total cholesterol minus LDL cholesterol minus HDL cholesterol. Non-
HDL cholesterol was calculated as total cholesterol minus HDL cholesterol. The variables were not normally distributed;
hence, Spearman’s rank correlation test was performed. A total of 100 eligible participants were included in the analysis.
RC was positively correlated with non-HDL cholesterol (r = 0.618; p < 0.001). No statistically significant correlation was
found between HbA1lc and non-HDL cholesterol (r =—0.180; p = 0.074). In this population, RC was positively correlated
with non-HDL cholesterol but not with HbA1lc. These findings should be interpreted in the context of universal statin
use and the inherent mathematical relationship between the calculated lipid variables.
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1. Introduction strongly associated with insulin resistance,
The worldwide incidence of type 2 which is the main cause of lipid problems.
diabetes mellitus (T2DM) is rapidly increasing Previous studies in Indonesia have reported
and is now considered a major public health that approximately 60% of patients with
problem due to its increasing incidence and its T2DM have dyslipidemia. In a population-
significant effect on morbidity and mortality. based study in Bali, more than 85% of people
According to the latest IDF Diabetes Atlas with diabetes had high non-HDL cholesterol.
(2025), the prevalence of diabetes is Together, these data highlight the important
continuously increasing in almost all regions, role of lipid abnormalities in the
including South-East Asia. Indonesia is one of cardiovascular risk associated with T2DM.58
the countries with the highest number of Remnant cholesterol (RC) is the
people suffering from diabetes, which causes cholesterol present in the remnants of
a considerable problem to the health care triglyceride-rich lipoproteins, principally very
system of the country. Cardiovascular disease low-density lipoprotein (VLDL) and
remains the leading cause of death in type 2 intermediate-density lipoprotein (IDL)
diabetes mellitus patients.!™ particles. Remnants of lipoproteins are highly
Atherogenic dyslipidemia is a lipid atherogenic because they infiltrate the
profile characterized by increased arterial wall and cause vascular inflammation
triglyceride-rich lipoproteins, decreased HDL and promote development of atherosclerotic
cholesterol levels, and increased small-dense plagues. Varbo et al demonstrated a causal
LDL particles. The pathophysiology of T2DM is association between increased RC levels and
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the onset of ischemic heart disease.> RC has
been linked to insulin resistance and
postprandial lipid metabolism abnormalities,
indicating its pathophysiological role in
T2DM.5°-11

Non-HDL cholesterol is a measure of all
atherogenic lipoproteins circulating in the
blood, including LDL, VLDL, IDL, lipoprotein(a)
and remnant lipoproteins. It is calculated as
total cholesterol minus HDL cholesterol and is
a better measure of total atherogenic lipid
burden than LDL cholesterol alone, especially
in patients with hypertriglyceridemia or
insulin resistance. Non-HDL cholesterol has
been identified as an important secondary
therapeutic  target in dyslipidaemia
management in current worldwide
guidelines.’>1 In routine clinical practice, RC
is usually calculated by subtracting the LDL
and HDL cholesterol values from the total
cholesterol.!> Consequently, RC should be
regarded as a constituent of non-HDL
cholesterol rather than an entirely
independent lipid marker, and any observed
relationship between these variables should
be interpreted with consideration of their
shared calculation.®®

Although RC and non-HDL cholesterol
are inherently linked from both biological and
mathematical perspectives, evidence
describing their relationship among statin-
treated individuals with T2DM remains
limited, particularly in Indonesia. In routine
clinical practice, metabolic assessment
predominantly depends on glycemic indices,
particularly HbAlc, despite growing evidence
that disruptions in glucose and lipid
metabolism do not necessarily advance
simultaneously. This study attempted to
ascertain the correlation between RC and
non-HDL cholesterol and to examine whether
either parameter was linked to glycemic
control in patients with T2DM.

2. Method
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This  cross-sectional  observational
analytic study used secondary data from
medical records of adult patients with T2DM
at the Integrated Diabetes Clinic of Dr.
Mohammad Hoesin  General Hospital,
Palembang, Indonesia, during November and
December 2025. The study was conducted in
accordance with the recommendations from
the Strengthening the Reporting of
Observational Studies in Epidemiology
(STROBE) (Figure 1).

Eligible participants were patients with
a diagnosis of T2DM and complete records of
fasting total cholesterol, HDL cholesterol, LDL
cholesterol, HbAlc, body mass index (BMI),
and other relevant clinical indicators (218
years). All participants were provided with
atorvastatin 20 mg daily during the data
collection period. Patients with incomplete
medical records, pregnancy, acute infections,
acute diseases, advanced chronic kidney
disease, chronic liver disease, systemic
corticosteroid medication, or other diseases
that can significantly affect lipid metabolism
were excluded from the study.

Blood samples were obtained after
fasting and were subsequently analyzed in the
clinical laboratory of the hospital. HDL
cholesterol (HDL-C) was measured by the
precipitation method, LDL cholesterol (LDL-C)
was measured by an enzymatic colorimetric
test, and HbAlc was measured by high-
performance liquid chromatography (HPLC).
Total cholesterol (TC) was measured by the
cholesterol oxidase—phenol aminophenazone
(CHOD-PAP) method. RC was calculated by
subtracting TC from LDL-C and HDL-C. Non-
HDL cholesterol was calculated by subtracting
TC from HDL-C. Body mass index (BMI) was
calculated as weight (kg) / height (m)2.

Statistical analysis was carried out using
IBM SPSS Statistics version 26.0. Normality of
the distribution of variables was tested using
the Shapiro-Wilk normality test. The data
were expressed as mean * standard deviation
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or median (interquartile range) for continuous
variables. Pearson correlation analysis was
used for normally distributed variables, and
Spearman’s rank correlation was used for
variables where the normality assumption
was not met. Two-sided p values <0.05 were
considered statistically significant. The study
protocol was approved by the Health
Research Ethics Committee of Dr. Mohammad
Hoesin General Hospital (Approval No.
DP.04.03/D.XVII.9.4/ETIK/177/2026). For this
study, informed consent was waived by the
Ethics Committee as this was a study on

Patients with type 2 diabetes mellitus

identified from medical records

anonymized secondary data from medical
records.

3. Result

The medical data were used to select
245 patients with Type 2 Diabetes Mellitus at
the outset. Of these, 145 patients were
excluded due to chronic kidney disease (CKD)
(n=55), acute diseases (n = 40), orincomplete
data (n = 50). Consequently, the final analysis
comprised 100 patients who satisfied the
eligibility criteria (Figure 1).

Patients included in the final analysis

(n=100)

Excluded (n = 145):

- Incomplete data (n =50)

- CKD([n=55)
- Acute conditions (n = 40)

Figure 1. Flow diagram of participant selection

Table 1. Baseline Demographic and Clinical Data of the Study Population (n = 100)

Variable

Overall

Age, years
21-40 years, n (%)

41-60 years, n (%)

Body mass index, kg/m?
Normal, n (%)
Overweight, n (%)

Obese, n (%)

HbAlc, %
<7%, n (%)
>7%, n (%)

Total cholesterol, mg/dL

LDL cholesterol, mg/dL

HDL cholesterol, mg/dL

Remnant cholesterol, mg/dL

Non-HDL cholesterol, mg/dL
<130 mg/dL, n (%)
>130 mg/dL, n (%)

Statin therapy, n (%)
Atorvastatin 20 mg/day, n (%)

50.46 * 3.63
5(5.0)

95 (95.0)
24.24 +2.01
20 (20.0)
33(33.0)

47 (47.0)
8.69+2.10

26 (26.0)

74 (74.0)
227.84 +27.38
129.03 +21.49
38.64 +10.95
60.17 + 21.89
189.20 + 33.96
14 (14.0)

86 (86.0)

100 (100.0)
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Table 1 presents the baseline moderate positive correlation between non-
demographic and clinical data of the study HDL cholesterol and remnant cholesterol (r =
population. The mean body mass index (BMI) 0.618, p < 0.001). Conversely, HbAlc was
of the subjects was 24.24 + 2.01 kg/m 2, and associated with non-HDL cholesterol in a faint
the mean age was 50.46 t 3.63 years. Mean negative manner that was not statistically
HbA 1c was 8.69 + 2.10% and mean total significant (r = -0.180, p = 0.074).
cholesterol, LDL cholesterol, HDL cholesterol, The scatter plot of the correlation
remnant cholesterol and non-HDL cholesterol between non-HDL cholesterol and remnant
were 227.84 + 27.38 mg/dL, 129.03 + 21.49 cholesterol is shown in Figure 2. A positive
mg/dL, 38.64 + 10.95 mg/dL, 60.17 + 21.89 correlation between non-HDL cholesterol and
mg/dL and 189.20 + 33.96 mg/dL, remnant cholesterol was observed, indicating
respectively. The majority of the patients a positive correlation between the two
(95.0%) were overweight or obese (80.0%), parameters. The correlation analysis' findings
had HbA 1c levels of >7% (74.0%) and had are corroborated by the regression line.
non-HDL cholesterol levels of 2130 mg/dL In contrast, the scatter diagram of
(86.0%). All patients were treated with Figure 3 demonstrates that there is no linear
atorvastatin 20 mg daily. correlation between HbAlc and non-HDL

The Shapiro—Wilk test demonstrated cholesterol. The data points are dispersed
that all variables had a non-normal over a broad area, further confirming the
distribution, and Spearman's rank correlation absence of statistically significant correlation
analysis was conducted. Table 2 illustrates a between the two variables.

Table 2 Correlation Analysis of Study Variables

Variables Correlation p-value
coefficient (r)"

RC vs Non-HDL 0.618 <0.001

HbA1lc vs Non-HDL -0.180 0.074

*Note: Correlation analyses were performed using Spearman's rank correlation because all variables showed non-
normal distributions according to the Shapiro—Wilk test.

400

Non-HDL Cholesterol (mg/dL)

T T T T
0 50 100 150 200
Remnant Cholesterol (mg/dL)

Figure 2. Scatter Plot of the Correlation Between Remnant Cholesterol and Non-HDL Cholesterol
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Figure 3. Scatter Plot of the Correlation Between HbA1lc and Non-HDL Cholesterol

4. Discussion

In this study, remnant cholesterol
showed a moderate positive correlation with
non-HDL cholesterol among patients with
T2DM (r = 0.618, p <0.001). This observation
is biologically plausible because remnant
cholesterol constitutes one component of the
non-HDL cholesterol fraction, making a
positive relationship between the two
parameters expected. Nevertheless,
interpretation of this correlation should
acknowledge that both indices are derived
from  overlapping lipid components.
Consequently, part of the observed
correlation may result from mathematical
dependence rather than representing a
completely independent biological
phenomenon. RC quantifies the cholesterol
carried by the remnants of triglyceride-rich
lipoproteins, particularly VLDL and IDL
particles.3® These remnant lipoproteins
readily penetrate the arterial wall, initiate
inflammatory signalling, and promote the
development of atherosclerotic lesions. In
contrast, non-HDL cholesterol represents the
cumulative concentration of circulating
atherogenic lipoproteins rather than a single
lipoprotein fraction.'®'” Therefore, despite
the inherent mathematical overlap between
these measures, the observed relationship is
also supported by established biological
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mechanisms and previous experimental and
clinical evidence.®®

Insulin resistance, a hallmark of T2DM,
provides a common metabolic basis for
elevations in both remnant cholesterol and
non-HDL cholesterol. Reduced insulin
sensitivity enhances lipolysis within adipose
tissue, increasing the delivery of free fatty
acids to the liver. The increased hepatic free
fatty acid flux stimulates hepatic VLDL
synthesis and secretion. As a consequence,
circulating triglyceride-rich lipoproteins and
their remnant  particles accumulate,
contributing to higher concentrations of both
RC and non-HDL cholesterol.1%! The clinical
profile of our participants supports this
mechanism, as most individuals were
overweight or obese and exhibited elevated
non-HDL cholesterol concentrations, findings
compatible with insulin resistance—associated
atherogenic dyslipidemia. Together, these
observations reinforce the close metabolic
relationship between insulin resistance and
atherogenic lipid abnormalities in T2DM.

In contrast to the findings for RC, HbAlc
was not significantly associated with non-HDL
cholesterol in this study. These results suggest
that long-term glycaemic status did not
parallel non-HDL cholesterol concentrations
in this study population. Persistent
hyperglycaemia is known to promote
advanced glycation end-product formation,
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increase hepatic lipogenesis, and enhance the
production of atherogenic lipoproteins.®18
Despite  these biological mechanisms,
previous clinical studies have reported
inconsistent associations between glycaemic
control and lipid abnormalities. Such
variability is likely explained by differences in
medication use, diabetes duration, metabolic
heterogeneity, and patient characteristics
across study populations. Accordingly, the
lack of a statistically significant correlation in
this study should not be interpreted as
evidence that HbAlc lacks clinical relevance
for cardiovascular risk assessment. HbAlc
continues to be an established indicator of
long-term glycaemic exposure and is strongly
associated with the development of diabetic
microvascular complications and
cardiovascular outcomes.

Our findings differ from those reported
in several previous investigations evaluating
the relationship between HbAlc and lipid
parameters. For example, Putri et al observed
a significant positive association between
HbA1c and non-HDL cholesterol.? Differences
in participant characteristics, treatment
status, and study methodology may explain
these inconsistent findings. Notably, every
participant in this study was receiving
atorvastatin  therapy, which may have
lowered lipid concentrations independently of
glycaemic control and thereby weakened the
observed correlation. Furthermore,
information regarding diabetes duration and
antidiabetic treatment was unavailable, and
these unmeasured variables may also have
influenced the study results.

From a clinical perspective, these
findings support the combined assessment of
glycaemic and lipid parameters when
evaluating patients with T2DM. Since HbAlc
and non-HDL cholesterol reflected different
metabolic domains in this cohort,
simultaneous evaluation of both parameters
may provide a more comprehensive
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metabolic assessment. Nevertheless, this
study was not designed to assess
cardiovascular outcomes, atherosclerotic
burden, or major adverse -cardiovascular
events. Consequently, these findings should
not be interpreted as evidence that RC is
superior to HbAlc for cardiovascular risk
prediction. Future studies incorporating
additional lipid biomarkers and cardiovascular
endpoints are needed to determine the
incremental clinical value of RC beyond
conventional metabolic markers.

Several limitations should be considered
when interpreting this study. First, the cross-
sectional nature of the study does not permit
conclusions regarding causal relationships.
Second, reliance on secondary medical
records limited adjustment for potentially
important confounding variables. Third, the
mathematical dependence between
calculated RC and non-HDL cholesterol may
have contributed to the strength of the
observed correlation. Fourth, universal
atorvastatin treatment may have modified
lipid profiles independently of glycemic
control. In addition, apolipoprotein B and
direct triglyceride levels were not available,
which limited a more complete
characterization of atherogenic dyslipidemia.
Finally, since the study was performed in one
center and the age distribution was relatively
homogeneous, the extrapolation of these
findings to broader populations should be
performed with caution.  Accordingly,
confirmation in larger, multicenter
prospective studies is warranted before these
observations can be generalized.

5.  Conclusion

In statin-treated individuals with type 2
diabetes mellitus, we identified a moderate
positive  correlation between remnant
cholesterol and non-HDL cholesterol, but no
significant correlation between HbAlc and
non-HDL cholesterol. These findings suggest
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that glycaemic control and atherogenic lipid
burden may be complementary rather than
interchangeable metabolic areas. The cross-

sectional

design, mathematical overlap

among lipid measures, and widespread statin
use highlight the need for prospective studies

to determine

the independent clinical

importance of remnant cholesterol in the
assessment of cardiovascular risk.
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