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Background: Cardiovascular disease (CVD) remains the leading cause of morbidity and mortality among patients with type 2
diabetes mellitus (T2DM). Despite the widespread use of insulin therapy, evidence on how different insulin regimens influence
cardiovascular risk stratification remains limited and inconsistent, particularly in Asian populations, including Indonesia.

Purpose: To evaluate the association between insulin regimens and cardiovascular risk, as assessed by the Framingham Risk Score
(FRS), among patients with T2DM.

Methods: A cross-sectional study was conducted involving 118 patients with T2DM receiving insulin therapy, including basal insulin
therapy and combined basal-prandial insulin therapy. Cardiovascular risk was assessed using the FRS and categorized as low,
moderate, or high. Differences between groups were analyzed using the Chi-square test. The association between insulin regimen
and cardiovascular risk was evaluated using ordinal logistic regression.

Results: Most patients in both treatment groups were classified as having high cardiovascular risk according to the FRS. After
adjustment for potential confounders, the insulin regimen was not significantly associated with cardiovascular risk (OR = 2.14; 95%
CI: 0.81-5.65; p = 0.124). In contrast, the duration of T2DM was significantly associated with cardiovascular risk (OR = 3.63; 95%
CIL: 1.30-10.15; p = 0.014).

Conclusion: Cardiovascular risk among patients with T2DM receiving insulin therapy was predominantly moderate to high. The
insulin regimen was not significantly associated with cardiovascular risk, whereas the duration of T2DM played a more prominent role
in cardiovascular risk stratification.
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Introduction

Type 2 diabetes mellitus (T2DM) has emerged as one of the most significant, fastest-growing global health challenges in
the twenty-first century." Aging populations, sedentary lifestyles, and rising obesity rates are some factors that sig-
nificantly enhance the worldwide prevalence of diabetes.” In 2024, more than 588 million individuals live with DM, and
this number is projected to rise substantially over the coming decades.® Beyond the burden of hyperglycemia itself, the
long-term complications associated with T2DM represent a major public health concern. Among these complications,
cardiovascular disease (CVD) remains the leading cause of morbidity and mortality in individuals with T2DM,
accounting for a substantial proportion of diabetes-related deaths.* The coexistence of metabolic abnormalities such as
dyslipidemia, hypertension, endothelial dysfunction, and chronic low-grade inflammation contributes to accelerated
atherosclerosis in this population.’
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The pathophysiological relationship between T2DM and CVD is multifactorial and complex. Chronic hyperglycemia
promotes oxidative stress, activation of inflammatory pathways, and the formation of advanced glycation end products,
all of which contribute to vascular damage.® In addition, insulin resistance (IR) as a central feature of T2DM leads to
disturbances in lipid metabolism, including elevated triglycerides, reduced high-density lipoprotein cholesterol (HDL-C),
and increased concentrations of atherogenic lipoproteins.” These metabolic abnormalities collectively form the char-
acteristic pattern of diabetic dyslipidemia, which plays a critical role in the development of atherosclerotic CVD. Over
time, the persistent exposure of vascular tissues to these metabolic disturbances accelerates endothelial dysfunction and
plaque formation, thereby increasing the likelihood of adverse cardiovascular events.

Cardiovascular complications are known to develop gradually over many years. Risk prediction models have there-
fore become important tools in clinical practice for estimating the probability of future cardiovascular events in high-risk
patients. Among the available models, the Framingham Risk Score (FRS) is one of the most widely used and validated
methods for estimating the 10-year risk of CVD.® The FRS comprehensively incorporates several established risk factors,
including age, sex, total cholesterol (TC), HDL-C, systolic blood pressure, smoking status, and antihypertensive
treatment, to generate a comprehensive estimate of cardiovascular risk.” Owing to its simplicity and clinical applicability,
the FRS has been widely adopted for risk stratification in both research and routine clinical care.

Despite its widespread use, evidence evaluating the impact of various antidiabetic treatment strategies particularly
insulin regimens, on overall FRS-based cardiovascular risk remains limited. Existing studies have predominantly focused
on glycemic outcomes or individual lipid parameters rather than integrated cardiovascular risk prediction models. This
highlights the need for studies that specifically evaluate cardiovascular risk using comprehensive and validated prediction
tools such as the FRS.

In patients with T2DM, the assessment of cardiovascular risk is particularly important because the disease itself
significantly increases the likelihood of cardiovascular events. Many individuals with T2DM already present with multiple
risk factors at the time of diagnosis, including hypertension, obesity, and lipid abnormalities. Consequently, evaluating the
overall cardiovascular risk profile may provide a more comprehensive understanding of disease prognosis than examining
isolated metabolic parameters. Identifying factors associated with higher cardiovascular risk may also guide therapeutic
decision-making and help clinicians implement more targeted interventions to reduce long-term complications.

Insulin therapy remains an essential component of the management of T2DM, particularly in patients who fail to
achieve adequate glycemic control with oral antidiabetic agents.'® As pancreatic p-cell function progressively declines,
many patients eventually require insulin to maintain acceptable glucose levels.'" Different insulin regimens are used in
clinical practice depending on patient characteristics and treatment goals. Basal insulin therapy primarily targets fasting
plasma glucose by providing a continuous background level of insulin, thereby suppressing hepatic glucose production
during fasting.'? In contrast, basal-prandial insulin therapy combines long-acting basal insulin with rapid-acting prandial
insulin to control both fasting and postprandial glucose levels, more closely mimicking physiological insulin secretion.'?

Beyond glycemic control, insulin therapy may also influence broader metabolic processes that are related to cardiovascular
risk. Improved glucose regulation may reduce glucotoxicity and metabolic stress, which in turn may contribute to improve-
ments in lipid metabolism and vascular function.'* However, the extent to which different insulin regimens influence overall
cardiovascular risk remains uncertain. While numerous studies have suggested that intensive insulin therapy can improve
metabolic parameters associated with CVD,'>'® the relationship between insulin regimen type and global cardiovascular risk
assessment has not been fully explored. In particular, most previous investigations have focused primarily on glycemic

outcomes or specific lipid biomarkers'” "

rather than on integrated cardiovascular risk prediction models.

Given the high burden of CVD in individuals with T2DM and the widespread use of insulin therapy in clinical
practice, understanding the relationship between insulin regimen and cardiovascular risk is of considerable importance.
From a clinical perspective, clarifying this relationship is important to support more personalized treatment strategies and
help optimize both glycemic control and long-term cardiovascular outcomes. A previous study conducted by our research
group has ascertained that basal-prandial insulin regimens were more beneficial in maintaining normal remnant
cholesterol (RC) levels when compared to basal insulin alone, although this association was partially mediated by
HDL-C, duration of DM, and body mass index.?° However, the study focused on metabolic outcomes and did not

comprehensively assess cardiovascular risk using validated prediction models.
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To address this gap, the present study extends these findings by evaluating cardiovascular risk using the FRS and
incorporating additional clinical variables. This study provides a novelty through a more comprehensive cardiovascular
risk assessment, rather than focusing solely on metabolic parameters such as RC. It also incorporates additional clinical
variables and updated population characteristics. By applying an integrated cardiovascular risk model, this study aims to
provide a more clinically relevant assessment of the impact of insulin regimens. Therefore, this study aimed to compare
cardiovascular risk levels based on the FRS between patients with T2DM receiving basal insulin therapy and those
receiving combined basal-prandial insulin therapy. In addition, it sought to evaluate the association between insulin
regimen type and cardiovascular risk while appraising relevant clinical factors that may influence this relationship.

Methods
Study Design and Setting

This study builds upon our previous research, which compared the associations between basal and basal-prandial insulin
regimens on RC and lipid profiles in patients with T2DM.?° The protocol was reviewed and approved by the Research
Ethics Committee of Padjadjaran University (ethical approval document number 652/UN6.KEP/EC/2025 dated July 30,
2025, signed by Dr. med. Muhammad Hasan Bashari).

In the present study, an analytical observational design with a cross-sectional approach was used to evaluate the
association between insulin regimen and cardiovascular risk among patients with T2DM. The study was conducted at the
endocrine outpatient clinic of Dr. Wahidin Sudirohusodo General Hospital, Makassar, Indonesia. Data collection was
carried out between August 8 and November 8, 2025. Due to the cross-sectional design, causal relationships cannot be
established. This design also limits the ability to assess long-term outcomes.

Study Population and Sample Size

The study population consisted of patients diagnosed with T2DM who were receiving insulin therapy and attending the
endocrine clinic during the study period. The minimum required sample size was calculated using the Lemeshow formula
for comparison of two proportions. Based on this calculation, 59 patients receiving basal insulin therapy and 59 patients
receiving combined basal—prandial insulin therapy were required. Patients were selected using purposive sampling based
on predefined inclusion and exclusion criteria. The inclusion criteria were as follows: (1) T2DM patients aged 30-79
years with HbAlc > 9%; (2) receiving either basal insulin therapy or a combination of basal and prandial insulin therapy;
(3) availability of laboratory lipid profile data, including TC, LDL cholesterol (LDL-C), and HDL-C, and (4) agreed to
participate in the study by signing written informed consent. The exclusion criteria were: (1) use of sodium—glucose
cotransporter-2 (SGLT2) inhibitors, glucagon-like peptide-1 (GLP-1) receptor agonists, fibrates, or statins within the
previous three months; (2) advanced chronic kidney disease defined as estimated glomerular filtration rate (eGFR) <
30 mL/min/1.73 m? or patients undergoing dialysis; (3) severe liver dysfunction indicated by alanine aminotransferase
(ALT) or aspartate aminotransferase (AST) levels greater than five times the upper limit of normal; (4) use of systemic
corticosteroids within the previous month, and (5) pregnant or breastfeeding women. These exclusion criteria were
applied to minimize potential confounding from medications and conditions that may influence lipid metabolism and
cardiovascular risk; however, residual confounding from unmeasured variables cannot be fully excluded.

Data Collection

Clinical and demographic information was obtained from patients’ medical records. The collected variables included age,
sex, body mass index (BMI), duration of T2DM, smoking status, blood pressure, and type of insulin therapy. Information
on insulin dosage was also recorded, including the total daily dose (TDD), expressed as international units per kilogram
of body weight per day (IU/kg/day). Laboratory data were obtained from routine clinical examinations and included
measurements of TC, LDL-C, HDL-C, and calculated RC. These lipid parameters were used as part of the cardiovascular
risk assessment. Only patients with complete clinical and laboratory data were included in the final analysis (complete-
case analysis).
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Study Variables

The primary independent variable in this study was the type of insulin regimen, categorized into two groups: basal insulin
therapy and combined basal-prandial insulin therapy. The primary outcome variable was cardiovascular risk, assessed
using the FRS, which estimates the 10-year probability of cardiovascular events. Several clinical variables were
considered as potential covariates in the analysis, including BMI, TDD, and duration of T2DM. These covariates were
selected based on clinical relevance and prior evidence of their association with cardiovascular risk.

Cardiovascular Risk Assessment

Cardiovascular risk was estimated using the FRS, which calculates the 10-year risk of developing CVD based on
multiple clinical parameters. The variables included in the FRS calculation were age, sex, TC, HDL-C, systolic blood
pressure, smoking status, and antihypertensive treatment. Based on the calculated FRS values, participants were
classified into three cardiovascular risk categories: low risk (male: <10 points, female: <13 points), moderate risk
(male: 11-14 points, female: 14—17 points), and high risk (male: >15 points, female: >18 points). Separate scoring
systems were applied for male and female participants according to standard FRS guidelines.?® Although widely used,
the FRS was originally developed in Western populations, which may influence its applicability to other populations.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics version 33.0 (IBM Corp., Armonk, NY, USA). Descriptive
statistics were used to summarize baseline characteristics of the study population. Continuous variables were described
using mean, standard deviation, median, and interquartile range, while categorical variables were presented as frequen-
cies and percentages. Bivariate analysis was conducted using the Chi-square test to evaluate differences in cardiovascular
risk distribution between insulin regimen groups. Odds ratios (ORs) with 95% confidence intervals (Cls) were calculated
to estimate the strength of associations. The relatively small sample size may contribute to wider confidence intervals,
reflecting limited statistical power. To further examine factors associated with cardiovascular risk, multivariate analysis
was performed using ordinal logistic regression. Variables with p < 0.25 in bivariate analysis and/or strong clinical
relevance were included in the multivariate model. Variables considered clinically relevant or showing potential
association in bivariate analysis were included in the regression model. Statistical significance was defined as
a p-value < 0.05. Given the single-center design and moderate sample size, the findings should be interpreted with
caution regarding generalizability and statistical power.

Results

Baseline Characteristics

The baseline demographic and clinical characteristics of the participants are presented in Figure 1. The distribution of
patient characteristics between the two treatment groups was generally comparable. In both groups, the majority of
participants were male, accounting for 52.5% in the basal insulin group and 57.6% in the basal-prandial group. Most
patients were classified as elderly (50—79 years), representing 52.5% of participants in each group. Regarding nutritional
status, the majority of patients were categorized as non-obese, with proportions of 57.6% in the basal insulin group and
54.2% in the basal-prandial group.

Most patients had a duration of T2DM of less than 10 years, accounting for 64.4% of individuals in the basal insulin
group and 52.5% in the combination therapy group. A similar pattern was observed for smoking status, where the
majority of participants in both groups reported no smoking history. Additionally, a high proportion of patients in both
groups had elevated blood pressure, with abnormal blood pressure observed in 74.6% of patients receiving basal insulin
and 67.8% of those receiving basal-prandial therapy.

In terms of lipid profile parameters, more than half of the patients in the basal insulin group indicated elevated TC
levels (57.6%), whereas a slightly larger proportion of patients in the basal-prandial group indicated normal TC levels
(54.2%). Most participants in both groups had normal LDL-C levels. However, reduced HDL-C levels were commonly
observed in both groups, affecting 83.1% of patients in the basal insulin group and 72.9% of patients in the basal-prandial
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A HpL-c [Normal 16 (27%) | Abnormal 43 (73%) | p=0.183
LDL-C |Normal (<130 mg/dl) 37 (63%)| Abnormal 22 (37%)| p=0.562
TC [Normal (<200 mg/dl) 32 (54%) | Abnormal 27 (46%)| p=0.197
Blood pressure |Normal 19 (32%) ‘Abnormal (2120/80 mmHg) 40 (68%) | p=0.416
Smoking |Yes 24 (41%) [No 35 (59%)| p=0.852
T2DM duration [ <10 year 31 (53%) | >10 year 28 (47%)| p=0.191
TDD | Low (<0.5 IU/kg/day) 38 (64%) ‘High (20.5) 21 (36%) p=0.001*
BMI | Normal (<25 kg/m?) 32 (54%) |Obese (225 kg/m?) 27(46%)|p=0.711
Age | Adult (30-59 y.0) 28 (48%) | Elderly=31 31 (52%) | P=1
Sex | Male 34 (58%) | Female 25(42%) | P=0.579
0 Zb 4b Sb 8l0 160
Number of patients (%)
B HpLc NormaI10‘(17%) Abnormal 49 (83%) | p=0.183
LDL-C |Normal (<130 mg/dl) 40 (68%) | Abnormal 19 (37%) | =0 562
TC [Normal 25 (42%) | Abnormal (=200 mg/dl) 34 (57%)| p=0.197
Blood pressure |[Normal 15 (25%1 Abnormal (=120/80 mmHg) 44 (75%) | p=0.416
Smoking |Yes 25 (42%)| No 34 (58%) | p=0.852
T2DM duration [<10 year 38 (64%) | >10 year 21 (36%) | p=0.191
TDD |Low (<0.5 IU/kg/day) 57 (97%) High 2 (3.4%)| p=0.001*
BMI | Normal (<25 kg/m?) 34 (58%) Pbese 25(42%)| p=0.711
Age | Adult (30-59 y.o) 28 (48%) | Elderly=31 31 (52%) p=1
Sex | Male 31 (53%) | Female 28 (48%) | p=0.579
0 Zb 4l0 610 8l0 1(I)0

Number of patients (%)

Figure | Baseline demographics and clinical characteristics of T2DM patients receiving (A) combined basal-prandial insulin therapy and (B) only basal insulin therapy. *
indicates a statistically significant difference between groups (p = 0.001).

group. Among all baseline variables examined, only the TDD of insulin showed a statistically significant difference

between groups (p = 0.001). Patients receiving basal-prandial therapy were more likely to receive higher insulin doses (>

0.5 TU/kg/day) compared with

those receiving basal insulin therapy.

The distribution of insulin regimens used in this study is illustrated in Figure 2. Among patients receiving the basal-
prandial therapy group, the majority of patients received a combination of insulin degludec and insulin aspart (67.8%),

representing the most frequently used regimen among combination therapies. In contrast, within the basal insulin therapy

group, insulin detemir was the most commonly used basal insulin (61%), followed by insulin glargine (39%).
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[ Glargine + Gluisine '
[ ] Glargine + Aspart

[ | Detemir + Gluisine

[ ] Detemir + Aspart

I (Degludec + Aspart) + Gluisine
I (Degludec + Aspart) + Aspart [ Glargine
B Degludec + Aspart [ | Detrimer

Figure 2 Distribution of insulin regimens in T2DM patients receiving (A) combined basal-prandial insulin therapy and (B) only basal insulin therapy.

Distribution of Continuous Clinical Variables
The distribution of continuous clinical and laboratory variables among the study participants is summarized in Table 1.
These variables describe the overall clinical profile of patients with T2DM included in the study population. The mean
age of the participants was 59.1 = 9.0 years, with a range of 30—79 years. The duration of T2DM showed considerable
variability across individuals, with a median of 5.0 years (IQR 9.0) and a range of 1-31 years. This indicates considerable
variability in disease duration, with a substantial proportion of patients having relatively shorter durations of diabetes.
Regarding anthropometric measurements, the mean BMI was 25.4 + 4.7 kg/m?, with values ranging from 14.7 to
46.9 kg/m?, reflecting variability in nutritional status among participants. The mean systolic blood pressure was 131.0 +
23.7 mmHg, with a range of 78-191 mmHg, suggesting that some patients experienced elevated blood pressure levels.
This result is consistent with the known coexistence of hypertension and T2DM.

Table | Distribution of Continuous Clinical and Laboratory Variables
Among Patients with T2DM Included in the Study

Variable Values Minimum | Maximum
Age (years) 59.1 £9.0 30 79
Duration of T2DM (years) 5.0 (9.0) | 31
BMI (kg/m?) 254 + 47 14.7 46.9
Systolic blood pressure (mmHg) | 131.0 + 23.7 78 191
TDD (1U/kg/day) 0.20 (0.20) 0.10 1.50
TC (mg/dL) 200.0 + 52.7 91 371
LDL-C (mg/dL) 116.0 + 47.9 34 280
HDL-C (mg/dL) 37.6 £ 10.6 30 79
RC (mg/dL) 36.5 (49.0) | 170
RF score (points) 19.0 + 43 8 30

Notes: Normally distributed variables are presented as mean * standard deviation (SD),
while non-normally distributed variables are presented as median (interquartile range, IQR).
Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein-cholesterol; LDL-C,
low-density lipoprotein-cholesterol; RC, remnant cholesterol; RF, Risk Factor; TC, total
cholesterol; TDD, total daily insulin dose.
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The TDD of insulin also varied substantially among patients, with a median of 0.20 [U/kg/day (IQR 0.20) and a range
of 0.10-1.50 1U/kg/day, indicating variability in insulin requirements. The lipid profile of the study population showed
a mean total cholesterol level of 200.0 + 52.7 mg/dL, LDL cholesterol of 116.0 + 47.9 mg/dL, and HDL cholesterol of
37.6 = 10.6 mg/dL. HDL-C values were generally lower than other lipid parameters, which is commonly observed in
patients with T2DM.

RC had a median of 36.5 mg/dL (IQR 49.0), with a range of 1-170 mg/dL, indicating substantial variability in
atherogenic remnant lipoproteins within the population. Finally, cardiovascular risk assessed using the FRS resulted in
a mean value of 19.0 + 4.3 points, with a range of 8-30 points, suggesting that many participants were classified within
moderate to high cardiovascular risk categories, reflecting an integrated assessment of cardiovascular risk rather than
isolated metabolic parameters.

Distribution of Cardiovascular Risk

The distribution of cardiovascular risk among patients with T2DM receiving insulin therapy is illustrated in Figure 3.
Risk was estimated using the FRS and categorized into low, moderate, and high-risk groups. In the group receiving
combined basal-prandial insulin therapy, most patients were classified as having a high cardiovascular risk, accounting
for 72.9% of the group. Moderate cardiovascular risk was observed in 20.3% of patients, while only a small proportion
(6.8%) were categorized as having low cardiovascular risk.

A similar pattern was observed among patients treated with basal insulin alone. The majority of patients in this group
also fell into the high risk category (81.4%). Moderate risk was present in 16.9% of patients, whereas only 1.7% were
classified as having low cardiovascular risk. Although the basal insulin group showed a slightly higher proportion of
patients in the high-risk category compared with the basal-prandial group, statistical analysis indicated that the difference
in cardiovascular risk distribution between the two treatment groups was not significant (p = 0.324). These findings
indicate that a high cardiovascular risk burden was observed in both groups, regardless of insulin regimen, although the
difference between groups was not statistically significant.

Association Between Insulin Regimen and Cardiovascular Risk

The association between insulin regimen and risk category was further evaluated using bivariate analysis. Patients
receiving basal insulin therapy showed a higher likelihood of being classified in a higher risk category compared with
those receiving combined basal-prandial insulin therapy. This suggests that the observed association should be interpreted
with caution, given the lack of statistical significance. The crude odds ratio (OR) was 1.69 (95% CI: 0.71-4.03),
indicating that patients treated with basal insulin had approximately 1.7-fold higher odds of having increased risk than
those treated with combination therapy. However, the confidence interval (CI) crossed the null value of 1, and the

(6.8%)
4
Basal-
prandial
1(0.32%)
Basal [ High

[ I Moderate
[ JLow
|

30 40 50 60
Number of patients

O
—
o
N
o

Figure 3 Distribution of cardiovascular risk categories based on the FRS in T2DM patients receiving combined basal-prandial and only basal insulin therapy.
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Insulin
therapy
(basal vs
combined d

basal-
prandial)

OR=1.691

Cl=0.71-4.03

p-value=0.236

1.0 15 2.0 2.5 3.0 35 4.0

Odds Ratio (OR) with 95% ClI

Figure 4 Forest plot showing the association between insulin therapy and CVD risk.

association did not reach statistical significance (p = 0.236), indicating a non-significant trend toward higher cardiovas-
cular risk among patients receiving basal insulin therapy. The forest plot shown in Figure 4 visually represents the
estimated OR and its 95% CI for the relationship between insulin regimen and cardiovascular risk. The wide CI indicates
considerable variability in the estimate, reflecting heterogeneity within the study population.

Multivariate Model of Factors Associated with Cardiovascular Risk

To further evaluate factors associated with cardiovascular risk, a multivariate analysis was performed using ordinal
logistic regression. The variables included in the model were BMI, TDD, duration of T2DM, and insulin regimen. The
results of this analysis are presented in Table 2. Among the variables included in the model, duration of T2DM emerged
as the only factor significantly associated with cardiovascular risk. Patients with a longer duration of diabetes had higher
odds of being classified into a higher risk category (OR = 3.63; 95% CI: 1.30-10.15; p = 0.014), indicating that the length
of time a patient has lived with diabetes may play an important role in determining cardiovascular risk, suggesting
a greater influence of cumulative disease exposure compared with treatment modality.

Table 2 Factors Associated with Cardiovascular Risk Based on Ordinal
Logistic Regression Analysis in Patients with T2DM

Variable B SE | Wald | p-value OR (95% CI)
BMI —029 | 046 | 039 0.534 0.75 (0.30-1.86)
TDD 0.17 | 063 | 0.08 0.784 1.19 (0.344.11)

Duration of T2DM | 1.29 | 0.53 | 6.0l 0.014* | 3.63 (1.30-10.15)

Insulin regimen 0.76 | 050 | 236 0.124 2.14 (0.81-5.65)

Notes: Ordinal logistic regression was used to identify factors associated with cardiovas-
cular risk categories. * Significant at p < 0.05.

Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratio; SE, standard
error; T2DM, type 2 diabetes mellitus; TDD, total daily insulin dose.
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Table 3 Confounding Assessment of Factors Associated with Cardiovascular
Risk Based on Ordinal Logistic Regression in Patients with T2DM

Model p-value | OR 95% CI OR Change (%)
Crude (Insulin) 0.236 1.69 | (0.71-4.03) -
Adjusted for BMI 0.234 1.70 | (0.71-4.07) 0.6%
Adjusted for TDD 0.197 1.85 | (0.74-4.63) 9.5%
Adjusted for T2DM duration 0.127 | 2.02 | (0.82-4.97) 19.5%%*

Notes: *OR change 210% indicates a potential confounding effect. Values are presented as odds
ratios (OR) with 95% confidence interval (Cl). Crude OR represents the unadjusted model.
Adjusted models were sequentially adjusted for body mass index (BMI), total daily insulin dose
(TDD), and duration of type 2 diabetes mellitus (T2DM). OR change represents the percentage
change in the odds ratio of insulin after inclusion of each covariate in the model.

Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratio; T2DM, type 2
diabetes mellitus; TDD, total daily insulin dose.

In contrast, other variables included in the model did not demonstrate statistically significant associations. BMI
showed an OR of 0.75 (95% CI: 0.30-1.86; p = 0.534), indicating no meaningful relationship between BMI and
cardiovascular risk in this analysis. Similarly, TDD showed no significant association (OR = 1.19; 95% CI: 0.34-4.11;
p = 0.784). In addition, the insulin regimen variable was not statistically significant in the multivariate model. Patients
receiving basal insulin therapy showed higher odds of increased cardiovascular risk compared with those receiving
combined basal-prandial therapy (OR = 2.14; 95% CI: 0.81-5.65), but the association was not statistically significant (p =
0.124). This indicates that the insulin regimen was not independently associated with cardiovascular risk after adjustment
for other variables.

To explore the crude relationship between insulin regimen and cardiovascular risk before adjustment for other
variables, a crude analysis was performed. The results are summarized in Table 3. The crude analysis showed that
patients receiving basal insulin therapy had an OR of 1.69 for higher cardiovascular risk compared with those
receiving basal-prandial therapy. However, this association was not statistically significant (p = 0.236). These
findings are consistent with the multivariate analysis results. These findings suggest that while an insulin regimen
alone was not independently associated with cardiovascular risk in this study population, the duration of T2DM
appears to be an important factor influencing cardiovascular risk among patients with T2DM, supporting the use of
an integrated risk assessment approach and providing incremental evidence that cumulative disease exposure may

be more influential than insulin regimen type.

Discussion

Patient Characteristics and Clinical Profile

This study evaluated cardiovascular risk among patients with T2DM receiving different insulin regimens in a clinical setting.
The baseline characteristics of the study population indicate that most patients were older adults with long-standing diabetes
and multiple metabolic risk factors. Such characteristics are commonly observed in patients who require insulin therapy, as
insulin is typically initiated when glycemic control cannot be achieved with oral antidiabetic agents alone.

The average age of participants was approximately 59 years, with many patients categorized as elderly. Aging is known
to contribute to the progression of metabolic disturbances and vascular dysfunction, both of which increase the likelihood of
cardiovascular complications in patients with diabetes.?' Additionally, the majority of participants exhibited abnormal blood
pressure and reduced HDL-C levels, conditions that are frequently associated with insulin resistance and diabetic
dyslipidemia.?? These facts reflect the complex cardiometabolic profile commonly observed in individuals with T2DM.

These clinical characteristics suggest that patients receiving insulin therapy already represent a population with
elevated baseline cardiovascular risk. Consequently, the management of such patients should not focus solely on

glycemic control but also on comprehensive risk reduction strategies targeting multiple cardiovascular risk factors.
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Distribution of Cardiovascular Risk in Patients with T2DM

The calculated FRS indicates that a substantial proportion of patients with T2DM were classified within the moderate to
high cardiovascular risk categories. This pattern was observed consistently across both insulin regimen groups, suggest-
ing that elevated cardiovascular risk is common among patients with T2DM receiving insulin therapy. The high
prevalence of moderate and high cardiovascular risk observed in this study is consistent with the well-established
relationship between diabetes and CVD.?* Individuals with T2DM frequently exhibit multiple metabolic abnormalities,
including hypertension, dyslipidemia, and chronic hyperglycemia, all of which contribute to the development of
atherosclerosis.”* Prolonged exposure to these factors promotes endothelial dysfunction, vascular inflammation, and
plaque formation, ultimately increasing the likelihood of cardiovascular events.?

Age and duration of T2DM may further contribute to these risk profiles. Many participants in the present study were
older adults with several years of DM history, conditions that are known to accelerate vascular damage.*® Aging itself is
associated with structural and functional changes in the vascular system, including increased arterial stiffness and
reduced endothelial function. When combined with the metabolic abnormalities associated with DM, these changes
may substantially elevate the risk of CVD.

In addition, the coexistence of hypertension and low HDL levels was common in the study population. Both factors
are included in cardiovascular risk prediction models, such as the FRS, and are recognized contributors to cardiometa-
bolic risk.?” Their presence may therefore partly explain the predominance of moderate to high cardiovascular risk
categories among the participants.

Association Between Insulin Regimen and Cardiovascular Risk

The FRS classification indicates that the type of insulin regimen was not significantly associated with cardiovascular risk
categories. Although patients receiving basal insulin therapy showed a slightly higher proportion of individuals in the
high cardiovascular risk category (81.4%) compared with those receiving combined basal-prandial therapy (72.9%), the
difference between the two groups was not statistically significant. Similarly, the crude OR analysis suggested a tendency
toward higher cardiovascular risk among patients treated with basal insulin alone; however, this association did not reach
statistical significance. This finding may partly reflect the nature of the FRS model, which primarily incorporates long-
term cardiovascular risk determinants such as age, blood pressure, lipid levels, and smoking status. Because these
variables represent cumulative cardiometabolic exposure, differences in insulin regimen may have a limited influence on
the calculated cardiovascular risk unless they substantially modify these underlying factors over time.

Additionally, the absence of a significant association may be attributed to the relatively short-term metabolic effects
of insulin regimens compared with the long-term nature of cardiovascular risk development. While insulin therapy
primarily improves glycemic control, its indirect effects on lipid metabolism, blood pressure, and vascular function may
require prolonged exposure to produce measurable changes in overall cardiovascular risk. Furthermore, confounding by
indication may occur, whereby patients with more severe metabolic disturbances are more likely to receive intensive
insulin regimens potentially attenuating observable differences between groups.

From a physiological perspective, insulin therapy mainly acts to regulate glucose metabolism by facilitating cellular
glucose uptake and suppressing hepatic glucose production.”® Basal insulin therapy predominantly targets fasting plasma
glucose by providing a steady level of circulating insulin throughout the day,” while basal-prandial regimens include
rapid-acting insulin to control postprandial glucose excursions.>® Although these treatment approaches differ in their
mechanisms of glycemic regulation, their impact on global cardiovascular risk may be less pronounced when evaluated
through risk prediction models that rely heavily on demographic and metabolic parameters.

Previous studies have similarly reported that different insulin formulations generally demonstrate comparable cardiovas-
cular safety profiles. Reviews of insulin therapy indicate that modern insulin analogues do not substantially differ in their
effects on major cardiovascular outcomes.' Observational and comparative studies have also reported similar cardiovascular
risk across commonly used basal insulin preparations, suggesting that patient characteristics and underlying cardiometabolic
risk factors may play a greater role than the specific insulin regimen itself.>*** Additionally, patients requiring insulin therapy
often share similar clinical profiles, including longer disease duration and greater metabolic disturbance. These factors,
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together with other cardiovascular risk determinants such as hypertension, dyslipidemia, and obesity, may have a stronger
influence on cardiovascular outcomes than differences in insulin regimen.***

Conversely, some studies have reported contrasting findings. In these, more intensive insulin regimens were
associated with improvements in cardiometabolic parameters, including better lipid profiles and reduced postprandial
glucose variability. These discrepancies may be related to differences in study design, population characteristics, follow-
up duration and the specific outcomes measured. Studies focusing on short-term metabolic markers may demonstrate
benefits, whereas risk prediction models such as the FRS may be less sensitive to these changes.

These findings indicate that while insulin therapy remains essential for glycemic management, the specific insulin
regimen alone may not independently determine cardiovascular risk in patients with T2DM. Instead, cardiovascular risk
appears to be driven by a combination of demographic characteristics, metabolic abnormalities, and the cumulative
burden of disease. In comparison with our previous published study, which demonstrated that basal-prandial insulin
regimens were more beneficial in maintaining normal RC levels,” the current study expands the analysis by evaluating
cardiovascular risk using the FRS and incorporating additional covariates with more detailed risk stratification. This
approach provides a more integrated assessment of cardiovascular risk compared with studies that focus solely on
individual metabolic markers, thereby offering a broader clinical perspective. These differences in study focus and
analytical approach may explain the variation in findings and provide a deeper understanding of the role of insulin
therapy in cardiovascular risk among patients with T2DM. Taken together, these findings further support the notion that
cardiovascular risk in type 2 diabetes is more strongly influenced by cumulative cardiometabolic burden than by the
specific insulin regimen alone. This finding contributes to the existing body of evidence by suggesting that diabetes
duration may play a more influential role than insulin regimen in determining overall cardiovascular risk.

Role of Diabetes Duration in Cardiovascular Risk

In the multivariate analysis of this study, the duration of T2DM emerged as the only variable significantly associated with
cardiovascular risk. Patients with a longer history of DM had markedly higher odds of being categorized into higher
cardiovascular risk groups compared with those with shorter disease duration. This observation supports the notion that
long-term metabolic exposure may play a more important role in shaping cardiovascular risk than the specific insulin
regimen used. The consistency of these findings across analyses supports the internal validity of the results.

The relationship between diabetes duration and CVD has been widely documented. Long-standing diabetes is associated
with progressive vascular damage resulting from persistent hyperglycemia, oxidative stress, and chronic inflammation.® Over
time, these mechanisms contribute to endothelial dysfunction and accelerate the formation of atherosclerotic plaques within
the arterial wall.’’~® Epidemiological evidence has also shown that longer DM duration significantly increases the risk of
cardiovascular complications, including coronary heart disease and myocardial infarction.***°

Large cohort analyses have reported that each additional five years of diabetes duration is associated with
a measurable increase in the incidence of CVD outcomes such as myocardial infarction and stroke.*' Another cohort
analysis has reported that longer duration of T2DM is associated with a higher incidence of myocardial infarction even
among individuals with relatively controlled lipid levels.** This observation suggests that the cumulative metabolic
exposure associated with long-term DM plays a critical role in the development of cardiovascular complications.

Another explanation for this association lies in the progressive deterioration of metabolic control that often occurs as
diabetes advances. With longer disease duration, patients commonly experience worsening insulin resistance, declining
B-cell function, and increased difficulty maintaining stable glycemic levels.* In addition, prolonged diabetes may lead to
structural and functional changes in the vascular system, including increased arterial stiffness, impaired endothelial nitric
oxide production, and enhanced inflammatory activity within the vascular wall.** These alterations promote a pro-
atherogenic environment that increases susceptibility to cardiovascular events. Consequently, diabetes duration can be
considered an indicator of cumulative cardiometabolic exposure rather than merely a measure of time since diagnosis.

This finding further emphasizes that cumulative exposure to metabolic abnormalities over time is a dominant factor in
determining cardiovascular risk, surpassing the impact of individual treatment modalities.

In summary, these findings reinforce the importance of early and effective management of T2DM. Identifying patients
at earlier stages of the disease and implementing aggressive strategies to control glycemia and other cardiometabolic risk
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factors may help slow the progression of vascular complications. In this context, the duration of diabetes should be
recognized as an important clinical factor when evaluating cardiovascular risk and determining appropriate preventive
interventions.

Clinical Implications

The result of this study provides several practical implications for the clinical management of patients with T2DM.
Although insulin therapy remains an essential component in achieving glycemic control, the results suggest that the type
of insulin regimen alone may not substantially alter the overall cardiovascular risk profile when assessed using the FRS.
This observation highlights the importance of adopting a comprehensive approach to cardiovascular risk management in
patients with T2DM.

These findings suggest that optimizing cardiovascular risk in patients with T2DM should prioritize long-term risk
factor control rather than focusing solely on insulin regimen selection. In clinical practice, treatment decisions for insulin
therapy are often guided primarily by glycemic targets. However, the present findings indicate that broader cardiometa-
bolic factors should also be considered when managing patients with diabetes. Risk factors such as hypertension,
dyslipidemia, obesity, and smoking status contribute significantly to cardiovascular risk and may have a greater influence
on long-term outcomes than the specific insulin regimen used. Therefore, effective cardiovascular risk reduction requires
simultaneous management of multiple metabolic abnormalities rather than focusing solely on blood glucose control.
Importantly, this study suggests that clinicians should avoid overemphasizing insulin regimen selection as a primary
strategy for cardiovascular risk reduction. Instead, greater benefit may be achieved through aggressive management of
modifiable risk factors including blood pressure, lipid levels, and lifestyle interventions.

The results also emphasize the importance of early identification and monitoring of cardiovascular risk among
patients with diabetes who require insulin therapy. Since many patients in this study were already categorized within
moderate to high cardiovascular risk groups, routine cardiovascular risk assessment may help clinicians identify
individuals who require more intensive preventive interventions. Such interventions may include stricter blood pressure
control, lipid-lowering therapy, lifestyle modification, and patient education aimed at reducing modifiable risk factors.

These results support the concept that comprehensive cardiometabolic management remains the cornerstone of
preventing cardiovascular complications in patients with T2DM. While insulin therapy is essential for maintaining
glycemic control, optimal outcomes are more likely to be achieved when treatment strategies simultaneously address the
multiple risk factors that contribute to CVD.

Furthermore, these results also emphasize the importance of integrating routine cardiovascular risk assessment into
diabetes management, which enables the earlier identification of high-risk individuals and the implementation of targeted
preventive strategies.

Limitations and Future Perspectives

These factors may also limit the broader impact and generalizability of the findings, and should be considered when
interpreting the results. Several limitations should be considered when interpreting the findings of this study. First, the
cross-sectional design limits the ability to establish causal relationships between insulin regimen and cardiovascular risk.
Because exposure and outcome variables were measured at the same point in time, it is not possible to determine whether
differences in insulin therapy preceded changes in cardiovascular risk.

Second, the study population was drawn from a single clinical center, which may limit the generalizability of the
findings to broader populations. Patients treated in specialized endocrine clinics may have different clinical character-
istics compared with those managed in primary care settings or other healthcare environments.

Third, the sample size was relatively modest, which may have limited the statistical power to detect small differences
between treatment groups. Although trends were observed in the distribution of cardiovascular risk between insulin
regimens, larger studies may be required to confirm whether these differences are clinically meaningful.

Another limitation relates to the variables included in the cardiovascular risk assessment. The FRS relies primarily on
traditional risk factors such as age, blood pressure, lipid levels, and smoking status. While this model is widely used in
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clinical practice, it does not incorporate several other factors that may influence cardiovascular risk in patients with
diabetes, including markers of inflammation, insulin resistance, or emerging lipid biomarkers.

Finally, this study did not evaluate additional lipid-related indicators such as apolipoprotein B, apolipoprotein Al, or
very-low-density lipoprotein (VLDL) levels. Inclusion of these biomarkers might provide further insight into the
complex relationship between insulin therapy, lipid metabolism, and cardiovascular risk in patients with T2DM.

Future research with larger, multicenter populations and prospective study designs is therefore needed to better
understand the long-term impact of insulin therapy on cardiovascular outcomes in patients with T2DM.

Conclusion

This study evaluated the association between insulin regimen and cardiovascular risk among patients with T2DM using
the FRS. The majority of patients receiving insulin therapy were classified within the moderate to high cardiovascular
risk categories, with a high proportion of patients in both basal insulin and basal-prandial groups categorized as high
risk. Although patients treated with basal insulin showed a slightly higher proportion of high cardiovascular risk, the
difference between the two treatment groups was not statistically significant. Similarly, crude association analysis
indicated that patients receiving basal insulin had higher odds of increased cardiovascular risk compared with those
receiving basal-prandial therapy, but this association was not statistically significant. Multivariate analysis demonstrated
that the type of insulin regimen was not independently associated with cardiovascular risk. In contrast, duration of
diabetes emerged as a significant predictor of cardiovascular risk.

These results suggest that cardiovascular risk among patients with T2DM is more strongly influenced by the duration
of the disease rather than the specific insulin regimen used. Clinically, this highlights the importance of early and
sustained risk factor control including glycemic management and comprehensive cardiovascular risk reduction strategies
regardless of insulin regimen. Overall, these conclusions are consistent with the study findings, particularly the absence
of a significant association between insulin regimen and cardiovascular risk and the significant role of diabetes duration.
However, these findings should be interpreted with caution due to the cross-sectional design and limited sample size
which may affect causal inference and generalizability.
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