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Background: There were a limited number of studies about β-cell function after insulin initiation in patients exposed to long du-
rations of sulfonylurea treatment. In this study, we aimed to evaluate the recovery of β-cell function and the efficacy of concurrent 
sulfonylurea use after the start of long-acting insulin.
Methods: In this randomized controlled study, patients with type 2 diabetes mellitus (T2DM), receiving sulfonylurea for at least 2 
years with glycosylated hemoglobin (HbA1c) >7%, were randomly assigned to two groups: sulfonylurea maintenance (SM) and 
sulfonylurea reduction (SR). Following a 75-g oral glucose tolerance test (OGTT), we administered long-acting basal insulin to 
the two groups. After a 6-month follow-up, we repeated the OGTT.
Results: Among 69 enrolled patients, 57 completed the study and were analyzed: 31 in the SM and 26 in the SR group. At baseline, 
there was no significant difference except for the longer duration of diabetes and lower triglycerides in the SR group. After 6 
months, the HbA1c was similarly reduced in both groups, but there was little difference in the insulin dose. In addition, insulin 
secretion during OGTT was significantly increased by 20% to 30% in both groups. A significant weight gain was observed in the 
SM group only. The insulinogenic index was more significantly improved in the SR group.
Conclusion: Long-acting basal insulin replacement could improve the glycemic status and restore β-cell function in the T2DM 
patients undergoing sulfonylurea-based treatment, irrespective of the sulfonylurea dose reduction. The dose reduction of the con-
current sulfonylurea might be beneficial with regard to weight grain.
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INTRODUCTION

Insulin resistance and defective β-cell function are well-known 
pathophysiological mechanisms for the development of type 2 
diabetes mellitus (T2DM) [1]. β-Cell dysfunction comprises 

both secretory dysfunction and decreased mass. Studies have 
reported that, rather than insulin resistance, defective β-cell 
function is an important factor in Asian people, including Ko-
reans [2-4]. 

As one of the oldest hypoglycemic agents, sulfonylurea stim-
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ulates pancreatic β-cells to release insulin in a rather glucose-
independent manner. With the introduction of new oral hypo-
glycemic agents, the use of sulfonylurea has rapidly declined. 
Nevertheless, this drug remains one of the most commonly 
prescribed second-line oral agents in combination with met-
formin [5], and an option when the combination of basal insu-
lin and oral hypoglycemia agent is considered [6-8]. 

Although the efficacy of sulfonylurea is strong, Kahn et al. 
[9] showed that the glycemic durability of sulfonylureas was 
not persistent for long periods. In addition, sulfonylurea 
showed a higher secondary therapeutic failure rate and more 
rapid loss of β-cell function compared with metformin and 
rosiglitazone. There are several hypotheses concerning the 
mechanisms of sulfonylurea-induced β-cell dysfunction. For 
example, accelerated β-cell apoptosis resulting from endoplas-
mic reticulum stress, decreased functional expression of ade-
nosine triphosphate sensitive K+ channels, and reduced insulin 
content could induce secondary β-cell failure [10-12]. There-
fore, the long-term use of sulfonylurea in Korean people with 
T2DM could induce early β-cell failure and further aggravate 
diabetes.

The protection of β-cell function through appropriate insu-
lin replacement is a generally accepted treatment guideline in 
patients with T2DM [13-18]. Evidence is well-established of 
the beneficial effect of insulin on β-cell function and glycemic 
control compared with the sulfonylurea in patients recently di-
agnosed with T2DM [16,17,19]. However, there is a limited 
number of studies about β-cell recovery after insulin therapy 
in patients already exposed to long durations of sulfonylurea 
treatment or who showed a secondary failure of sulfonylurea 
[20-22]. Karam et al. [23] reported unresponsiveness of β-cells 
to acute sulfonylurea stimulation during long sulfonylurea 
treatment in diabetic patients. Once sustained therapy with 
sulfonylurea was discontinued, β-cell response to acute sulfo-
nylurea stimulation was restored. Based on such a background, 
we hypothesized that basal insulin replacement relieves load-
ing on β-cells for insulin secretion and reduces β-cell stress in 
subjects with T2DM based on previous long-term sulfonylurea 
treatment, and this relief could improve β-cell function. More-
over, additional effects could occur with sulfonylurea dose re-
duction.

The aim of the present study was to research the recovery of 
β-cell function through long-acting basal insulin replacement 
in patients with inadequately controlled T2DM, receiving 
long-term sulfonylurea-based treatment. In addition, we eval-

uated the efficacy of concurrent sulfonylurea with the start of 
basal insulin by comparing the sulfonylurea maintenance (SM) 
and sulfonylurea reduction (SR) groups.

METHODS

Subjects
In the present study, we enrolled subjects who visited the dia-
betes center of St. Vincent’s Hospital. Eligible patients had 
T2DM with inadequate glycemic control (glycosylated hemo-
globin [HbA1c] >7%). The patients were over 35 years old and 
had been treated with a stable dose of sulfonylurea for at least 2 
years, with or without metformin. Patients taking α-glucosidase 
inhibitors, thiazolidinediones, and other oral hypoglycemic 
agents rather than sulfonylurea and metformin were excluded. 
Other exclusion criteria consisted of renal impairment (serum 
creatinine >133 μmol/L), hepatic dysfunction (aspartate ami-
notransaminase [AST] and alanine aminotransaminase [ALT] 
>3 times the upper normal level), major severe diabetic com-
plications, severe medical illnesses, and previous insulin treat-
ment. Informed consent was obtained from all participants, 
and this study was approved through the International Review 
Board of St. Vincent’s Hospital (VIRB-00034-002).

Study design 
At enrollment, we performed basic anthropometric measure-
ments and baseline laboratory tests, including HbA1c, lipid 
profiles (total cholesterol, triglyceride, high density lipoprotein 
and low density lipoprotein cholesterol), blood urea nitrogen, 
creatinine, AST, and ALT. To examine β-cell function, we per-
formed a 75-g oral glucose tolerance test (OGTT) and mea-
sured plasma glucose and insulin at 0, 30, 60, 90, and 120 min-
utes after glucose loading. The HbA1c was measured using 
high-performance liquid chromatography instruments (BIO-
RAD Variant II; Bio-Rad, Hercules, CA, USA). Plasma glucose 
levels were assayed using the glucose oxidase method. Plasma 
insulin values were tested using a chemiluminescent immuno-
assay (IMMULITE; Siemens, Berlin and Munich, Germany). 

After the baseline study, the patients were randomly assigned 
in a 1:1 ratio to two groups: SM and SR groups. While main-
taining antidiabetic medications, all participants in both groups 
were treated with long-acting insulin (insulin glargine) imme-
diately after randomization. The initial doses were 0.1 to 0.2 
unit/kg/day, and the patients self-adjusted the insulin dose ac-
cording to self-monitoring blood glucose (SMBG) levels until 
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fasting blood glucose levels were less than 6.7 mmol/L (120 mg/
dL). When hypoglycemia was experienced, the insulin doses 
were reduced two units. The subjects visited the diabetes center 
at 1, 3, and 6 months after insulin administration was initiated, 
and we appropriately modified the insulin doses. At every visit, 
the body weight was assessed. For the SR group, we reduced the 
amounts of sulfonylurea more than 50% when the fasting 
SMBG level was less than 6.7 mmol/L at the 1- or 3-month visit. 
We did not change the metformin dose during the study peri-
od. At the 3-month visit, we followed up the HbA1c level. At 
the 6-month visit, we repeated the baseline laboratory studies, 
including the 75-g OGTT. Insulin treatment was discontinued 
for 48 hours prior to the OGTT at the 6-month visit. 

We calculated several indices to evaluate insulin secretion 
and resistance. The insulinogenic index was defined as the ratio 
of the 30-minute increment in insulin concentration (pmol/L) 
to the 30-minute increment in glucose concentration (mmol/L) 
following oral glucose loading [24]. The homeostatic model as-
sessment of insulin resistance (HOMA-IR) was calculated 
based on the index from the product of the fasting plasma insu-
lin (μU/mL) and plasma glucose (mmol/L) divided by 22.5 
[25]. In accordance with Matsuda and DeFronzo [26], the insu-
lin sensitivity index (ISI) was calculated using the following 
equation: ISI composite=10,000/square root of [(mean plasma 
insulin [μU/mL]×mean plasma glucose [mg/dL] during 
OGTT)×(fasting plasma glucose×fasting plasma insulin)]. The 
area under the curve (AUC) was calculated using trapezoidal 
integration. 

Sample size
We expected more increments of insulin secretion after glu-
cose loading in the SR group (25%) compared with the SM 
group (5%) [21]. Therefore, the calculation of the sample size 
was based on an expected difference of 20% in the increment 
of insulin secretion after glucose loading with α of 0.05 and β 
of 0.20. By multiplication of the assumed withdrawal rate of 
10%, a sample size of 55 in each group was obtained. 

Statistical analysis 
The baseline characteristics of the subjects enrolled in the pres-
ent study are expressed as the mean±standard deviation or 
number (%). The data for the results are expressed as the 
mean±standard error. A chi-square analysis was used for dis-
continuous variables. The distinction between the two study 
groups was analyzed using an independent t-test. In the same 

group, differences between pretreatment and posttreatment of 
basal insulin were examined using a paired t-test. Repeated 
measurements of analysis of variance were used to compare 
the change of the β-cell function between the two groups. All 
data were analyzed using PASW statistics version 18.0 (SPSS 
Inc., Chicago, IL, USA). Statistically significant differences 
were considered at a P<0.05. 

RESULTS

Characteristics of the subjects
A total of 69 patients underwent randomization. Among these 
patients, 35 subjects were assigned to the SM group, and 34 
subjects were assigned to the SR group. After 6 months, four 
patients from the SM group and eight patients from the SR 
group were excluded due to the refusal of OGTT or the follow-
up loss. Thus, a total of 31 patients in the SM group and 26 pa-
tients in the SR group were analyzed in the present study. 

The clinical characteristics and biochemical parameters of 
the patients in both groups are shown in Table 1. The mean age 
was 54.6±11.1 years, and the mean duration of diabetes was 
9.3±5.7 years. There was no significant difference in age, sex, 
body mass index, and blood pressure between the two groups. 
However, the mean duration of diabetes in the SR group was 
significantly higher than that in the SM group. The baseline 
laboratory evaluations showed no statistical differences be-
tween the two groups, except the triglyceride level.

 The most commonly used sulfonylurea in all participants 
was glimepiride. The average dose of glimepiride was 3.5±1.3 
mg in the SM group and 4.1±1.3 mg in the SR group. Other 
sulfonylureas used were gliclazide, gliclazide MR, and gliben-
clamide. 

Changes in the glucose level and body weight
In both study groups, the HbA1c level was significantly de-
creased at the first follow-up at 3 months after initiating long-
acting insulin treatment. However, the HbA1c values were only 
slightly changed during the last 3 months of the study period 
(Fig. 1A). The initial HbA1c values of 9.3%±0.2% in the SM 
group and 9.0%±0.2% in the SR group decreased to 8.1%± 
0.2% (P<0.001) and 7.9%±0.2% (P=0.003) at the 6-month fol-
low-up, respectively. Fig. 1B shows the changes in body weight 
during the follow-up period. At the 6-month follow-up, the av-
erage body weight significantly increased from 68.1±1.9 to 
70.4±2.5 kg in the SM group (P=0.003) but showed no differ-
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ence from 65.0±2.3 to 65.7±2.2 kg in the SR group (P=0.074). 
The average weight gain in the SM group was significantly 
higher than that in the SR group. Fig. 1C shows the daily dosage 
of insulin administered to the subjects. During the study peri-
od, the insulin dose was increased from 9.4±0.3 to 17.1±1.2 
IU/day in the SM group and from 9.5±0.5 to 16.0±1.3 IU/day 
in the SR group, and there was no significant difference in the 
insulin dose between the two groups (P=0.550). At the end of 

the investigation, 11 patients (42.3%) discontinued sulfonylurea 
treatment in the SR group, and the drug dosage was reduced 
more than 50% in the remaining 15 patients (57.7%) (Fig. 1D). 

Change in β-cell function and insulin resistance
The levels of glucose and insulin after 75-g glucose loading at 
baseline and the 6-month follow-up are illustrated in Fig. 2. 
Compared with the levels prior to insulin treatment, plasma 

Table 1. Baseline characteristics of the subjects 

Characteristic Total 
(n=57)

Sulfonylurea-maintenance 
(n=31)

Sulfonylurea-reduction 
(n=26) P value

Age, yr 54.6±11.1 52.9±11.5 54.5±10.8 0.577
Male sex 33 (57.9) 18 (58.1) 15 (57.7) 0.977
Weight, kg 66.7±11.3 68.1±11.2 65.0±11.5 0.313
BMI, kg/m2a 24.9±3.4 25.5±3.6 24.3±3.0 0.187
Duration of diabetes, yr 9.3±5.7 7.2±4.7 11.9±5.8 0.002
SBP, mm Hg 131.9±14.8 133.7±13.2 129.9±16.5 0.338
DBP, mm Hg 74.7±9.7 76.7±9.2 72.2±9.8 0.082
HbA1c, % 9.2±1.2 9.3±1.2 9.0±1.2 0.361
Total cholesterol, mmol/L 4.7±0.9 4.9±0.9 4.5±0.9 0.114
Triglyceride, mmol/L 1.8±1.2 2.2±1.4 1.4±0.7 0.007
HDL-C, mmol/L 1.1±0.2 1.1±0.2 1.1±0.2 0.227
LDL-C, mmol/L 2.9±0.8 2.9±0.9 2.8±0.7 0.538

Insulin at 0 min, pmol/Lb 45.9±29.8 51.2±31.9 39.6±26.4 0.149
Insulin at 120 min, pmol/Lb 132.5±83.3 131.2±92.4 134.1±72.7 0.898
Insulinogenic index 5.0±5.0 4.5±4.2 5.5±6.0 0.461
HOMA-IR 3.0±2.2 3.4±2.1 2.5±2.3 0.128
ISI composite (Matsuda index) 7.5±7.1 7.2±7.7 7.8±6.5 0.754
Metformin dose, mg 1,021.7±632.7 854.8±580.1 1,115.4±652.8 0.116
Types of sulfonylurea 0.536
   Glimepiride 39 (70.2) 23 (74.2) 17 (65.4)
      Dose, mg 3.7±1.4 3.5±1.3 4.1±1.3
   Gliclazide 4 (7.0) 1 (3.2) 3 (11.5)
      Dose, mg 140±40.0 80 160±0.0
   Gliclazide MR 5 (8.8) 2 (6.5) 3 (11.5)
      Dose, mg 60.0±21.2 45±21.2 70±17.3
   Glibenclamide 8 (14.0) 5 (16.1) 3 (11.5)

      Dose, mg 9.8±4.2 9.8±3.9 9.7±5.5

Values are presented as mean±standard deviation or number (%). 
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycosylated hemoglobin; HDL-C, high density lipo-
protein cholesterol; LDL-C, low density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; ISI, insulin 
sensitivity index; OHA, oral hypoglycemic agents; MR, modified release.
aThe BMI was calculated as the weight in kilograms divided by the square of the height in meters, bInsulin level during the 75-g oral glucose tol-
erance test.
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glucose at OGTT was significantly decreased, and plasma in-
sulin was significantly increased 20% to 30% after the adminis-
tration of insulin in both groups.

Table 2 reveals the changes in the biochemical measures of 
the study groups. Almost all parameters representing β-cell 
function in the OGTT were improved after 6 months of insu-

lin therapy in both groups. The AUC insulin/glucose ratio was 
significantly increased in both groups, and the insulinogenic 
index, reflecting first-phase insulin secretion, also markedly 
increased in both groups. Although the sulfonylurea dose was 
reduced in the SR group, the insulinogenic index was more 
significantly improved in the SR group. The HOMA-IR and 

Fig. 1. Changes in the glucose levels, body 
weight, and insulin and sulfonylurea (SU) 
doses over 6 months. Changes in the (A) gly-
cosylated hemoglobin (HbA1c) levels, (B) 
body weight, and (C) injected insulin dose in 
the SU maintenance and SU reduction groups 
during the study period. (D) Dose reduction 
of SU in the SU reduction group. The data are 
presented as the mean±standard error. 
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Table 2. Changes in β-cell function and insulin resistance

Parameter
Sulfonylurea-maintenance (n=31) Sulfonylurea-reduction (n=26) Between-group 

P valueBaseline 6 Months P value Baseline 6 Months P value

AUCg, mmol/L ·hr 37.0±0.8 32.4±1.5 0.002 35.6±1.2 32.5±1.0 0.069 0.143

AUCi, pmol/L ·hr 209.0±25.1 245.2±23.9 0.022 177.8±22.2 241.7±25.1 0.016 0.178

AUCi/AUCg 5.6±0.7 7.4±0.8 0.003 5.9±0.6 7.5±0.8 0.009 0.404

HOMA-IR 3.4±0.4 2.9±0.4 0.068 2.3±0.4 2.1±0.4 0.428 0.275

Insulinogenic index 4.6±0.8 6.9±1.2 0.031 5.7±1.2 16.3±6.4 0.045 <0.001

ISI composite (Matsuda index) 7.4±1.5 7.7±1.5 0.714 8.0±1.3 8.3±1.3 0.812 0.696

Values are presented as mean±standard error.
AUCg, area under the response curve of glucose; AUCi, area under the response curve of insulin; HOMA-IR, homeostatic model assessment of 
insulin resistance; ISI, insulin sensitivity index. 
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ISI, representing insulin resistance, showed no significant 
changes from baseline to the end of the follow-up period in the 
two study groups. 

Hypoglycemia 
The number of symptomatic hypoglycemia events during the 
treatment was similar between the two groups (SM group, 
9.7%; SR group, 11.5%); no event of severe hypoglycemia oc-
curred.

DISCUSSION

In the present study, we demonstrated that basal insulin re-

placement in patients undergoing long-term sulfonylurea-
based treatment improved not only glycemic control status but 
also β-cell function, irrespective of the sulfonylurea dose re-
duction. 

Although the use of sulfonylureas has rapidly decreased, this 
drug remains the preferred oral agent when patients show rela-
tively high glucose levels or refuse insulin therapy. These agents 
will likely initially improve the hyperglycemic state. However, 
hyperglycemia could paradoxically worsen with time because 
these drugs could induce the exhaustion of pancreatic β-cells, 
particularly in subjects with predominant β-cell dysfunction [9]. 

Thus, we evaluated the recovery of insulin secretory function 
particularly in patients receiving long durations of sulfonyl-

Fig. 2. Changes in β-cell function and insulin resistance. Results of the 75-g oral glucose tolerance test. (A) The plasma glucose 
levels in the sulfonylurea (SU) maintenance and (B) SU reduction groups. (C) The plasma insulin levels in the SU maintenance 
and (D) SU reduction groups. The data are presented as the mean±standard error. aP<0.05 before and after insulin treatment.
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urea-based treatments. We thought that a reduction of the sul-
fonylurea dose would increase the insulin requirement com-
pared with SM. Interestingly, the decrement in HbA1c was sim-
ilar between these two conditions, and there was no difference 
in insulin requirement, despite a reduction in the sulfonylurea 
dose or even the termination of sulfonylurea treatment.

Prior studies have reported beneficial effects of basal insulin 
on insulin secretion by glucagon stimulation, compared with 
the sulfonylurea in patients with recently diagnosed T2DM 
[16,17,19]. In our study, there was little difference in the insu-
lin secretion after glucose loading in both groups, irrespective 
of the sulfonylurea dose reduction. These findings indirectly 
suggested that there might be relatively similar self-reliant in-
sulin secretion between SM and SR. Patients presenting with 
significant hyperglycemia could benefit from the initiation of 
insulin treatment, which restores the deleterious effects of ex-
cessive glucose (glucotoxicity) and lipid (lipotoxicity) exposure 
on β-cell function and insulin action [27-29]. In the present 
study, we considered an added effect of improved glucose tox-
icity, resulting in more improvements in insulin secretion after 
glucose loading. However, the insulinogenic index, a marker 
for β-cell function, was more significantly improved in SR 
group. This result has a thread of connection with results in 
Karam’s study [23]. As mentioned in introduction, Karam et al. 
[23] reported recovery of β-cell response to acute sulfonylurea 
stimulation when sustained therapy with sulfonylurea was dis-
continued.

In addition, patients’ body weight significantly increased in 
the SM group at 6 months after basal insulin replacement, 
whereas there was no change in body weight in the SR group. 
Thus, we concluded that when basal insulin was replaced, an 
additional effect of sulfonylurea was not observed; therefore, 
sulfonylurea could be reduced or discontinued without an in-
crease in the basal insulin dose.

Previous studies have revealed that early insulinization could 
more effectively achieve adequate glycemic target levels and 
improve β-cell function compared with the use of oral hypo-
glycemic agents in newly diagnosed patients or subjects with 
short disease durations [14,16,17]. In the present study, the pa-
tients had relatively longer average diabetes durations, and the 
glucose control status was poorer than in previously reported 
studies. Although the HbA1c levels were decreased and the in-
sulin secretory function was slightly recovered in the present 
study, we expect that if the diabetes duration had been shorter, 
the results would have been better. 

We did not observe any improvements in HbA1c after the 3- 
and 6-month follow-ups, likely reflecting the fact that the glu-
cose increment levels after OGTT did not sufficiently decrease 
to target levels, despite adequate control of fasting blood glu-
cose levels. This finding suggests that another approach, such 
as glucagon-like peptide-1 agonists or rapid-acting insulin, is 
needed for postprandial glucose control in combination with 
basal insulin replacement, although basal insulin replacement 
could normalize fasting blood glucose levels and slightly re-
store postprandial insulin secretion in patients undergoing 
sulfonylurea-based treatment.

There are several limitations in the present study. First, the 
sample size was small. We were unable to fulfill the planned 
110 patients, making this study an underpowered analysis. In 
additionally, the follow-up duration was short. To evaluate sul-
fonylurea durability and the long-term effect of β-cell dysfunc-
tion recovery, longer studies are needed. Moreover, diet and 
exercise were not monitored during the 6-month treatment 
period. However, the present study was a prospective, random-
ized, controlled study that evaluated the efficacy of SR with 
basal insulin replacement in patients receiving sulfonylurea-
based treatment over 2 years.

In conclusion, basal insulin replacement in Korean patients 
with T2DM receiving long durations of sulfonylurea-based 
treatment is beneficial to restore β-cell function. Indeed, when 
basal insulin is replaced, sulfonylurea-based treatment can be 
reduced or even discontinued without affecting glycemic con-
trol status and insulin requirements. Moreover, the dose reduc-
tion of the concurrent sulfonylurea might be beneficial with 
regard to weight gain. Further studies are needed to target a 
large number of subjects over a longer period.
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