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Introduction

Diabetes mellitus is a group of metabolic diseases 
characterized by hyperglycemia resulting from defects in 
insulin secretion, insulin action, or both. If left untreated, 
chronic hyperglycemia leads to long-term microvascular (e.g. 
nephropathy, retinopathy, and neuropathy) and macrovascular 
complications (e.g., coronary heart disease, peripheral arterial 
disease, and cerebrovascular disease). According to the 
Centers for Disease Control and Prevention (CDC), about 8.3% 

of the population in the United States, including children 
and adults, have diabetes, and its prevalence is likely to be 
increased to nearly 10 % by 2050. Type 1 diabetes mellitus 
(T1DM), which accounts for 5% to 10% of all diabetes cases, 
is an autoimmune disease characterized by the destruction 
of the pancreatic beta cells and insulin deficiency. Although 
T1DM can develop at any age, it usually occurs in children 
and young adults. Individuals with T1DM require daily insulin 
administration by injection or an insulin pump in order to 
survive, maintain glycemic control and normal body weight, 
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Background: The aim of this study was to evaluate the long-term effects of continuous subcutaneous insulin infusion (CSII) therapy on the 
improvement of metabolic control and beta-cell function in patients with type 2 diabetes mellitus.

Methods: A single-center retrospective observational study was carried out in patients with T2DM who required CSII therapy due to 
suboptimal glycemic control. T2DM patients treated with the DANA-R Diabe care insulin pump (SOOIL Development Co., Ltd.) was followed 
for 6 years. Glucose control measures (hemoglobin A1c, total daily insulin dose) and beta-cell function (c-peptide index, insulinogenic index) 
were analyzed and clinical outcome data (body mass index, systolic/diastolic blood pressure, hemoglobin, serum protein, serum albumin, 
serum creatinine, total cholesterol, triglyceride, HDL, and LDL) were assessed after 2,4, and 6-years use of CSII. Statistical significances were 
calculated by Student’s paired t-test.

Results: Fifty-seven T2DM patients with mean age of 58.2±1.1 years were included in the study with 6 years (75.1±5.0 months) of follow-up. 
We found a statistically significant improvement in glycated hemoglobin (7.7±0.2, 6.3±0.1, 6.3±0.1, and 6.5±0.1%, p<0.0001), total daily insulin 
dose (48.6±3.1, 39.7±2.9, 34.2±2.0, and 34.4±2.2 U/day, p<0.0001), c-peptidogenic index (0.28±0.03. 0.42±0.07, 0.32±0.04, and 0.38±0.07, 
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and promote normal development in children. Type 2 
diabetes mellitus (T2DM) is a progressive metabolic disorder 
characterized by insulin resistance and beta-cell dysfunction. 
T2DM accounts for 90% to 95% of all diabetes cases in adults 
in the United States and results from insulin resistance as well 
as impaired insulin secretion by the beta cells in the pancreas. 
As the disease progresses and the need for insulin rises, the 
pancreas can eventually lose its ability to produce insulin, 
necessitating insulin therapy [1]. 

Despite lifestyle changes and pharmacological interventions, 
many patients eventually require insulin therapy. Tight glycemic 
control is achieved with a combination of physiological basal 
and mealtime (prandial) insulins that mimic normal pancreatic 
function (i.e., peak less basal insulin secretion, rapid release of 
insulin in response to meals, and rapid clearance of the prandial 
insulin peak). These insulin therapies can be administered to 
patients by external continuous subcutaneous insulin infusion 
(CSII) via insulin infusion pump, which is intended to deliver 
insulin in a manner that most closely mimics the body’s 
physiologic release of insulin. CSII offers an alternative to 
multiple daily injections, aiming for more physiological insulin 
delivery and improved glucose control. CSII therapies divide 
insulin doses into basal, prandial and corrective elements, 
which can be adjusted independently to achieve optimal 
results. The use of CSII may improve treatment adherence, 
dosing accuracy, and lifestyle flexibility; however, it can also 
be technically demanding, costly, and requires a high level of 
engagement [2–6].

Randomized controlled trials (RCTs) of insulin pump therapy 
versus Multiple Daily Injections (MDI) have usually been 
conducted in volunteers with type 1 diabetes without specific 
clinical problems and not in those with persistent poor 
control on MDI. Meta-analyses and long-term observational 
studies show HbA1c improvements of 0.5–1.0% over several 
years [7,8]. Concerning the occurrence of hypoglycemia 
associated with the use of insulin-pumps, long-term CSII 
reduces the risk of severe hypoglycemia events, particularly 
in patients with a history of hypoglycemia unawareness or 
frequent episodes. Participants using CSII had a sustained 
reduction in hypoglycemia-related complications over 
17 years and 75% reduction in severe hypoglycemia risk 
[9,10]. Further side effects of the insulin-pump therapy are 
associated with the insulin-injection as well as very rarely 
occurring ketoacidosis. A subgroup analysis of the DCCT 
study shows a minimal increased rate of ketoacidosis using 
an insulin-pump and CSII is associated with reduced risk 
of microvascular complications (retinopathy, nephropathy, 
and neuropathy) due to better long-term glycemic control 
[9]. Based on 22 studies involving individuals with type 1 
diabetes, the meta-analysis found that total daily insulin 
dose was consistently lower with CSII versus MDI, and this 
was associated with improved glycemic control and reduced 

HbA1c without an increase in hypoglycemic events [11]. 
However, several observational short-term studies have 
shown a substantial reduction in HbA1c level on switching 
from MDI to CSII in Type 2 diabetes. The subjects in these 
observational reports have often been people who have had 
problems controlling their diabetes on MDI, and who have 
thus had higher HbA1c levels and/or insulin requirements at 
baseline, compared with the volunteers with type 2 diabetes 
in some of the RCTs of MDI vs CSII. This hints that the most 
appropriate evaluation and subsequently the clinical usage 
of CSII in Type 2 diabetes should be, in the first instance, in 
people deliberately selected as having failed to achieve 
adequate glycemic control on MDI [12].

Previous short-term studies have demonstrated the efficacy 
of CSII in type 2 diabetes; however, long-term data of T2DM, 
especially beyond 2–3 years, remain limited. This study aims 
to evaluate the impact of long-term CSII therapy on glycemic 
control, insulin requirements, beta-cell function, and general 
metabolic health in T2DM patients over a 6-year period.

Materials and Methods

Study design and participants

This was an analytical, retrospective observational study 
designed to evaluate the long-term effect of the use of CSII 
on clinical outcomes and metabolic control. Type 2 diabetic 
patients, aged 19 years and older, started CSII therapy using 
the DANA-R Diabetes care insulin pump (SOOIL Development 
Co., Ltd., Korea) at Diabetes Center at Konkuk University 
Chungju Hospital and subsequently monitored for at least 
five years were included in the study. Patients were included 
based on poor glycemic control with prior insulin regimens 
such as multiple daily injection therapy; submission of a 
written informed consent form with signatures and dates in 
accordance with Good Clinical Practice (GCP) and local laws. 
Exclusion criteria included uncontrollable hyperglycemia 
(HbA1c≥15% one year following insulin pump therapy); 
frequent hypoglycemia; myocardial infarction, stroke, or 
transient ischemic attack within the 3 months prior to CSII 
therapy; impaired liver or kidney function or cancer within the 
past 5 years; antidiabetic medication, anti-obesity medication, 
steroid, or thyroid hormone therapy; perimenopausal women 
with inadequate contraception, pregnant women, or breast-
feeding mothers; alcohol or drug addicts; participants in 
other clinical trials. All study protocols were approved by 
the Institutional Review Board of Konkuk University Chungju 
Hospital.

Assessments

Baseline characteristics included age, gender, weight, BMI, 
systolic and diastolic blood pressure (BP), disease duration, 
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and duration of insulin pump therapy. The beneficial effects of 
long-term insulin pump therapy were assessed by comparing 
glycemic control (HbA1c and total daily insulin dose) and 
beta-cell function (c-peptidogenic index and insulinogenic 
index) with the levels recorded at the initiation of CSII. 
Additionally, clinical and biochemical outcomes—including 
BMI, BP, hemoglobin, serum creatinine, total protein, albumin, 
total cholesterol, triglycerides, HDL, and LDL—were assessed. 
Blood samples were collected after an overnight fast (≥12 
h) and 30 min after the ingestion (PP30 m) of a standard 
formulated mixed meal (500 kcal; 52.9% carbohydrate, 30.4% 
fat, and 16.7% protein). Insulin pump use was discontinued for 
at least 9 hours overnight prior to sampling. The indices were 
calculated as follows:

•	 c-peptidogenic index: (c-peptide at PP30 m – fasting 
c-peptide) / (plasma glucose at PP30 m – fasting plasma 
glucose)

•	 Insulinogenic index: (insulin at PP30 m – fasting insulin) / 
(plasma glucose at PP30m – fasting plasma glucose)

Statistical analysis

The appropriate sample size for parametric statistics was 
determined using G*Power to ensure a normal distribution. 
With an effect size of 0.5, α error of 0.05, power of 0.95 and 
one group set, a minimum of 45 participants were required. 
Normally distributed variables are expressed as mean ± 
standard error and changes in variables by therapies were 
compared using Student’s paired t-test. A two-sided p value 
of <0.05 was considered significant. Statistical analyses were 

performed using IBM SPSS Statistics version 29.0.1.0 (171) for 
Windows.

Results

Baseline characteristics

During the six years (75.1±0.5 months) of observational 
period, 57 subjects (mean age 58.2±1.1 years; 35.1% female) 
with a mean diabetes duration of 11.8±1.2 met the inclusion 
and exclusion criteria. The demographic characteristics of the 
participants at baseline are summarized in Table 1. 

Effectiveness in glycemic control and β-cell function

Following treatment with CSII, HbA1c significantly decreased 
from 7.7±0.2% at baseline to 6.3±0.1% at 2 years and 
remaining stable at 6.4±0.1% at 4 years and 6.5±0.1% at 6 year 
(p<0.0001 for all timepoints; Figure 1). And total daily insulin 
requirements also significantly decreased from 48.6±3.1 U/day 
to 34.2±2.2 U/day at 6 years (p<0.0001; Figure 2). Furthermore, 
CSII significantly increased c-peptidogenic index, a surrogate 
marker for β-cell function, from 0.28±0.03 to 0.38±0.07 at 6 
years (p<0.05; Figure 2), indicating the partial preservation 
of endogenous insulin secretion. The insulinogenic index also 
increased from 3.28±0.53 to 5.84±0.96 at 6 years (p<0.001; 
Figure 3), demonstrating an enhanced early-phase insulin 
response. Overall, insulin pump therapy significantly improved 
glycemic control, TDD, and c-peptidogenic and insulinogenic 
index as compared to the levels observed at the initiation of 
insulin pump therapy.

Mean ± SE or frequency Median Min, Max

Age (years) 58.2±1.1 58 40, 75

Female 20 (35.1%)

Disease duration (years) 11.8±1.2 10 0.1, 35

Weight 65.2±1.6 65 39, 94

Height 162.5±0.9 162 147, 180

Table 1. Study population demographics at baseline (n=57).

Table 2. Comparison of glycemic control and beta-cell function between baseline and post-insulin pump therapy (n=57).

Baseline Insulin pump therapy for

2-years 4-years 6-years

HbA1c (%) 7.7±0.2 6.3±0.1d 6.4±0.1d 6.5±0.1d

TDD (U/day) 48.6±3.1 39.7±2.9b 34.2±2.0 d 34.2±2.2 d

c-peptidogenic index 0.28±0.03 0.42±0.07a 0.32±0.04a 0.38±0.07a

Insulinogenic index 3.28±0.53 8.62±1.09 d 6.47±0.74 d 5.84±0.96c

All values are presented as mean ± standard error. 

HbA1c: Glycosylated Hemoglobin; TDD: Total Daily Insulin Dose. 
ap<0.05, bp<0.01, cp<0.001 or dp<0.0001 vs Baseline, analyzed using paired t-test
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Figure 1. The effect of long-term insulin pump therapy on HbA1c of T2DM.

Figure 2. The effect of long-term insulin pump therapy on total daily insulin dose of T2DM.
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Effect on clinical outcomes

Diastolic blood pressure decreased significantly from 
75.9±0.9 to 69.1±10.6 mmHg (p<0.0001) (Table 3), while 
systolic pressure slightly increased (Figure 4a). Serum protein 
and albumin levels significantly increased (p<0.0001; Figure 
4b), suggesting improved nutritional status. Lipid profiles 

showed improvements in HDL (from 43.7±1.3 to 50.4±1.8 mg/
dL, p<0.001) and triglycerides (from 150.8±13.8 to 121.9±8.5 
mg/dL, p<0.05), with modest increases in LDL and total 
cholesterol (Figure 4c). On the other hand, no significant 
change from baseline in BMI or serum creatinine were 
observed throughout the observation period (Figure 4d).

Figure 3. The effect of long-term insulin pump therapy on beta-cell function of T2DM.

Table 3. Comparison of clinical outcomes between baseline and post-insulin pump therapy (n=57).

Baseline Insulin pump therapy for

2-years 4-years 6-years

Systolic BP (mmHg) 125.8±1.4 121.9±1.4 122.9±1.7 131.0±2.5

Diastolic BP (mmHg) 75.9±0.9 74.0±0.7 73.7±0.8 69.1±1.4d

Serum protein (g/dl) 6.63±0.06 7.05±0.05d 7.09±0.06d 7.11±0.06d

Serum albumin (g/dl) 3.96±0.04 4.24±0.03d 4.25±0.04d 4.20±0.03d

Total cholesterol (mg/dl) 163.9±4.4 176.8±5.9a 169.2±3.7 186.5±5.5d

Triglyceride (mg/dl) 150.2±13.8 122.8±10.6a 113.9±9.0b 122.0±8.5a

HDL (mg/dl) 43.7±1.3 48.4±1.7c 51.8±1.7 d 50.4±1.8c

LDL (mg/dl) 94.6±4.0 107.5±5.2a 97.2±3.4 108.5±4.5b

BMI (kg/m2) 24.6±0.5 25.4±0.5 25.4±0.5 25.0±0.5

Serum creatinine (mg/dl) 0.80±0.03 0.84±0.03 0.84±0.03 0.97±0.03

Hemoglobin (g/dl) 13.8±1.4 13.8±1.5 13.9±1.4 13.9±1.3



Choi SB. Long-term Effects of Continuous Subcutaneous Insulin Infusion in Adults with Type 2 Diabetes Mellitus 
Patients: A Six-year Follow-up Retrospective Analysis. J Diabetes Clin Res. 2026;8(1):10–18.

J Diabetes Clin Res. 2026
Volume 8, Issue 1 15

Baseline Insulin pump therapy for

2-years 4-years 6-years

PP0m (mg/dL) 133.8±5.7 121.1±3.2a 129.0±3.1a 135.3±4.3

PP30m (mg/dL) 198.6±7.4 197.2±5.6 217.9±4.9a 217.9±5.7*

PP120m (mg/dL) 275.1±11.2 263.5±10.8 288.5±9.3 293.8±10.4

All values are presented as mean ± standard error. 

BMI: Body Mass Index; BP: Blood Pressure; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; PP: Postprandial. 
ap<0.05, bp<0.01, cp<0.001 or dp<0.0001 vs Baseline, analyzed using paired t-test.

a

b
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Discussion

While the CSII therapy for T1DM has been shown to improve 
glycemic control without increasing the risk of hypoglycemia, 
but with weight loss and lower insulin requirements [13,14], 
the long-term efficacy of insulin pump therapy remained 
unexplored in T2DM. Therefore, our study aimed to investigate 

the efficacy of insulin pump therapy in patients with long-
standing, inadequately controlled T2DM. In the present 
study, we observed that long-term CSII therapy improved 
glycemic control significantly, as evidenced by a reduction in 
HbA1c 7.7±0.2% at baseline to 6.5±0.1%, p<0.0001, Figure 
1), reaching good glycemic control. In alignment with the 
reduction of TDD reported in previous research [15], we also 

Figure 4. Comparison of clinical outcomes between baseline and post-insulin pump therapy (a) blood pressure, (b) Serum proteins, (c) 
Serum lipids, (d) BMI and creatinine.

d

c
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observed that TDD decreased significantly compared to the 
baseline level (p<0.0001, Figure 2).

As we hypothesized, the long-term CSII therapy increased 
β-cell function assessed through c-peptidogenic index by 
1.4 times (p<0.05; Figure 3a) compared with the baseline 
level. In addition, early-phase insulin response, as assessed by 
insulinogenic index, significantly increased following long term 
CSII therapy compared to the baseline levels (p<0.001; Figures 
3b). These findings suggest that resolving glucotoxicity by 
lowering hyperglycemia may enhance both insulin sensitivity 
and β-cell function. Glucotoxicity is closely associated with 
insulin resistance and the deterioration of β-cell function, 
induced by increased apoptosis and reactive oxygen species 
in β-cells [16–18]. Indeed, previous reports have indicated that 
lowering plasma glucose levels with insulin therapy improves 
insulin sensitivity [19]. However, there are limited reports on 
the improvement of β-cell function through medical therapy, 
particularly in patients with long-standing T2D. Therefore, our 
present study is noteworthy in that long-term insulin pump 
therapy improved β-cell function with a reduction of TDD 
in patients with long-standing T2D who failed previously to 
achieve optimal glycemia. 

There were several reasons why our patients with long-
standing T2D might not achieve optimal glycemic control 
despite conventional therapy. These reasons include 
insufficient self-monitoring of blood glucose to accurately 
titrate insulin doses, irregularity of meal times or sleep 
patterns, lack of exercise, and inadequate nutrition. These 
factors can only be corrected through life style modifications, 
which should be accompanied in order to promote the efficacy 
of conventional therapy. However, given the association 
of chronic hyperglycemia with micro- and macrovascular 
diabetes complications, we reasoned that additional glucose-
lowering interventions should be considered for our patients 
when their life style modifications were not inadequate. In that 
sense, long-term insulin pump therapy for T2DM was effective 
in reducing hyperglycemia in the present study.

This 6-year follow-up study demonstrates that CSII is effective 
in providing sustained glycemic control and improving beta-
cell function in patients with T2DM. These results suggest that 
CSII may be a viable long-term therapeutic strategy for insulin-
requiring T2DM patients, especially those with suboptimal 
control on conventional regimens. Notably, the reduction in 
insulin requirements despite maintained glycemic control 
suggests improved insulin sensitivity or beta-cell preservation. 
Improvements in HDL, triglycerides, and protein markers 
indicate broader metabolic and nutritional benefits. The 
major strengths of this study are its long follow-up duration 
and comprehensive metabolic profiling. However, limitations 
include its retrospective design, lack of a control group, and 
single-center nature.

Conclusion

CSII therapy over a 6-year period led to sustained 
improvements in glycemic control, reduced insulin 
requirements, and enhanced beta-cell function in T2DM 
patients. Additionally, positive effects on lipid and nutritional 
parameters were observed. CSII may be considered as a long-
term therapeutic option in selected patients with T2DM.
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