
1. Introduction

Effective glycemic control plays an important role in preventing

chronic complications of diabetes mellitus.1,2 Although lifestyle

change and oral antidiabetic drugs (OADs) can improve glycemic

control early in the course of type 2 diabetes.3,4 However, type 2

diabetes is a progressive illness in which most patients experience

a progressive deterioration in glycemic control, eventually requiring

the addition of exogenous insulin treatment.5

Combination therapy with basal insulin and OADs can be

managed at outpatient clinics and simple subject-administered titra-

tion algorithm can be used after education.6–13 Insulin glargine ex-

hibits a 24-hour action profile with no pronounced peak and its ad-

vantages of combination with sulfonylurea (SU) alone, metformin

alone, or SU with metformin in type 2 diabetes poorly controlled on

OADs have been demonstrated.6–14 Despite the increasingly com-

plex management of patients with diabetes, basal insulin remains

one of the most effective medications to reduce hyperglycemia and

is a recommended option that can be combined with almost all

other type 2 diabetes medications.15–17

Combination therapy with basal insulin and OADs can safely

improve glycemic control; however, there is uncertainty regarding

which regimen to choose when using basal insulin plus OADs in

order to achieve better glycemic control in type 2 diabetes patients

previously poorly controlled with multiple OADs. The aim of this

study was to compare the efficacy of combination therapy of insulin

glargine with either sulfonylurea (SU) or metformin in patients with

poorly controlled type 2 diabetes receiving � 2 OADs.

2. Materials and methods

2.1. Patient selection and study design

This investigator-initiated prospective, open-label, randomized,

parallel, 48-week comparative study was performed at the Mackay

Memorial Hospital, Taipei, Taiwan. It was conducted in accordance

with the Declaration of Helsinki and approved by the ethics board of

Mackay Memorial Hospital. Informed consent was obtained from all

the subjects included in the study.

Enrolled subjects were type 2 diabetes patients who were

treated with maximally tolerated dose of SU (i.e., glibenclamide 20

mg/d, gliclazide 320 mg/d, and glimepiride 8 mg/d) and metformin

(> 1,500 mg/d) with or without other class of OADs for > 12 weeks.
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S U M M A R Y

Background: Although adding insulin glargine to oral antidiabetic drugs (OADs) has demonstrated

efficacy in patients with type 2 diabetes, evidence supporting specific regimens is lacking. The aim of

this study was to compare the efficacy of combination therapy of insulin glargine with either sul-

fonylurea (SU) or metformin (Met) in patients with poorly controlled type 2 diabetes receiving � 2

OADs.

Methods: This was a 48-week prospective, open-label, randomized, parallel trial. Patients with type 2

diabetes poorly controlled with � 2 OADs were randomized to the insulin glargine with Met (Met-group)

or insulin glargine with SU (SU-group).

Results: Mean glycosylated hemoglobin (A1C) reduction were significant in the Met-group and SU-

group (-1.42 � 0.28% and -1.00 � 0.28%, respectively), but no statistically significant difference between

groups (-0.40 � 0.3%, p = 0.234). There was no difference in the proportion of patients achieving A1C of

< 7% (12.8% and 6.8%, respectively). Mean FPG reduced significantly in both groups (-120.3 � 8.8 mg/dL

and -90.2 � 11.1 mg/dL, respectively), with greater reductions in the Met-group (-34.8 � 10.0 mg/dL, p <

0.001). More proportions of patients in the Met-group achieved the FPG target of < 130 mg/dL (80.9%

and 40.9%, respectively, p < 0.001). The percentages of patients experiencing episodes of symptomatic

hypoglycemia (Met-group: 23.4%, SU-group: 19.6%) and the percentages of nocturnal hypoglycemia

(Met-group: 8.5%, SU-group: 6.5%) were similar among the two groups.

Conclusion: In patients with type 2 diabetes poorly controlled on � 2 OADs, glycemic control was

comparable among the two regimens.
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Inclusion criteria were age 20 years or older, glycosylated hemoglo-

bin (A1C) � 7.5% and fasting plasma glucose (FPG) � 130 mg/dL at

the time of screening. Exclusion criteria were previous use of insulin,

hypersensitivity to insulin, New York Heart Association class III or IV

heart failure, myocardial infarction or stroke in the past 6 months,

active liver disease, current glucocorticoid use, and pregnancy or

breastfeeding. Patients were allowed to use anti-hypertensive or

lipid-lowering drugs if they had been taking a stable dose for > 12

weeks prior to the study and no changes were made in their therapy

during the study. Withdrawal criteria included pregnancy, A1C >

12.0% after the first 12 weeks of treatment, weight gain or edema

unacceptable to the patient, or serious adverse effects, including

heart failure and hepatic failure.

Eligible patients were randomized in a 1:1 ratio to either the

SU-group (insulin glargine + SU) or the Met-group (insulin glargine +

metformin). The randomization was performed using an interactive

voice-response system that used a permuted-block size of 6. In addi-

tion, patients were stratified by A1C (7.5% to 9.0% and > 9.0%).

Throughout the entire study, patients maintained the same dose of

the single class of OAD they were on prior to the study. All subjects

received a single daily injection of insulin glargine at bedtime with a

starting dose of 0.4 IU/kg/day. The goal was to achieve a FPG of

70–130 mg/dL. Patients were taught to increase their daily insulin

doses by 2 IU if the FPG was > 130 mg/dL, and by 4 IU if the FPG was

> 180 mg/dL on 3 consecutive days without any intervening hypo-

glycemic episodes; or decrease the daily insulin dose by 4 IU if the

FPG was < 70 mg/dL. Doses of OAD remained unchanged throughout

the study. Subjects visited the research site at baseline and at 4, 12,

24, 36, and 48 weeks and were also contacted by telephone at 1, 2,

and 3 weeks to discuss adjustments in insulin dose. Throughout the

course of the study, patients were instructed to continue the same

lifestyle, including diet and exercise, they had maintained prior to

entering the study.

2.2. Objectives

The primary objectives were to compare the glycemic control

(A1C) between different treatment regimens. Secondary objectives

included assessment of changes in FPG, proportion of patients achi-

eving A1C < 7%, change in weight, and mean insulin dose. Safety was

assessed by the proportions of patients who developed hypogly-

cemic events. Symptomatic hypoglycemia was defined as an event

with clinical symptoms consistent with hypoglycemia and nocturnal

hypoglycemia as symptomatic hypoglycemia occurring while the

patient was asleep, after the evening insulin injection and before

getting up in the morning. Severe hypoglycemia was defined as an

event with symptoms consistent with hypoglycemia in which the

patient required the assistance of another person and was associ-

ated with either a plasma glucose level less than 50 mg/dL or prompt

recovery after oral carbohydrate, intravenous glucose, or glucagon

administration.

2.3. Outcome measurement

A1C, FPG and weight were measured at baseline, weeks 12, 24,

36 and 48. Plasma C-peptide, ALT, total cholesterol, triglyceride, LDL

cholesterol, HDL cholesterol were measured at baseline.

2.4. Statistical analysis

An intent-to-treat (ITT) analysis with last observation carried

forward was used to assess efficacy. The ITT population included all

patients who had received at least one dose of study medication and

had A1C recorded at baseline and at least once after baseline. Treat-

ment groups were compared at baseline using the Student t test for

continuous variables and the Chi-square test for categorical vari-

ables. The change from baseline in continuous parameters were de-

termined using an analysis of co-variance (ANCOVA) model with the

factor ‘treatment’ and baseline value as covariate. The chi-square

test or Fisher’s exact test were used for dichotomous parameters. All

patients who had taken at least one dose of study medication were

included in the safety analysis. Results were presented as mean

(�SD) or numbers or percentages for dichotomous parameters. All

analyses were done using SAS version 9.4.

3. Results

Figure 1 summarizes patients flow through the study. A total of

115 patients were screened, 96 were enrolled (Met-group, n = 48;

SU-group, n = 47), and a similar number of patients in each treat-

ment group completed the 48-week treatment. The reasons for

premature withdrawal included being lost to follow-up (1 in Met-

group and 3 in SU-group), protocol violation (2 in Met-group and 3 in

SU-group). Baseline characteristics and demographics were similar

among the two treatment groups (Table 1).

Both Met-group and SU-group significantly decreased A1C from

baseline to endpoint (-1.42 � 0.28% and -1.00 � 0.28%, respectively),

but no statistically significant difference between the treatment

groups was observed (-0.40 � 0.3%, p = 0.234) (Table 2 and Figure 2).

Both groups showed significant reductions in mean FPG over 48

weeks (-120.3 � 8.8 mg/dL in the Met-group and -90.2 � 11.1 mg/dL

in the SU-group), with significantly greater reductions in the Met-

group compared with the SU-group (-34.8 � 10.0 mg/dL, p < 0.001).

Figure 2 shows changes during the course of the study for A1C and

FPG levels. A greater proportion of patients in the Met-group

achieved the FPG target of < 130 mg/dL compared to the SU-group

(80.9% vs. 40.9%, respectively, p < 0.001). The percentages of patient

achieving an A1C < 7% was similar in both groups (12.8% in the

Met-group and 6.8% in the SU-group). A total of 27 elderly patients

(� 65 years) in this study. Post hoc analysis showed no difference in

A1C changes between elderly and non-elderly patients in the Met-

group and SU-group (-1.73 � 0.52% vs. -1.28 � 0.34% and -1.05 �

0.53% vs. -0.98 � 0.34%, respectively).
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Figure 1. Patient flow through the study. Met, metformin; SU, sulfonylurea;

ITT, intent-to-treat.



At the end of the study, both Met-group and SU-group signifi-

cantly increased insulin dose from baseline (15.4 � 2.1 U/day and

18.3 � 2.6 U/day, respectively), but no statistically significant dif-

ference between the treatment groups was observed (-3.6 � 3.2

U/day, p = 0.274). The mean daily insulin doses were comparable in

the two groups: 0.62 � 0.22 U/kg in the Met-group and 0.67 � 0.24

U/kg in the SU-group. Although there was an increase in average

weight in both Met-group and SU-group after 48 weeks of treatment

(3.7 � 0.4 kg and 3.3 � 0.4 kg, respectively), no statistically significant

difference between the two groups was observed (-0.4 � 0.6 kg, p =

0.478)

The percentages of patients experiencing episodes of symp-

tomatic hypoglycemia (Met-group: 23.4%, SU-group: 19.6%) and

the percentages of patients experiencing nocturnal hypoglycemia

(Met-group: 8.5%, SU-group: 6.5%) were similar among the two

groups. There was only one episode of major hypoglycemia during

the entire study period, which occurred in the Met-group.

4. Discussion

Basal insulin was recommended as the first option of insulin for

patients whose disease is not controlled by OADs.15,16,18 Some

consensuses recommend that when insulin injection is started,

insulin secretagogues should be discontinued or tapered and then

discontinued.15,18 This study showed there were no significant dif-

ferences in the average reduction of A1C among Met-group and

SU-group. Although the mean A1C values and the proportions of

patients achieving the A1C target displayed no significant differ-

ences among the two study groups, mean FPG levels were lower in

the Met-group compared to the SU-group, and more proportions of

patients in the Met-group achieved the FPG target of < 130 mg/dL

than the SU-group. A possible explanation for this is that metformin

acts directly or indirectly on the liver to reduce hepatic glucose

production and has a better effect on decreasing fasting glucose

while the SU achieved a greater reduction in postprandial plasma

glucose.19 Moreover, another reason may be that type 2 diabetes is

characterized by declining beta-cell function. Our patients had long

diabetes duration and fail to maintain optimal glycemic control with

a combination of maximum dose of metformin and a SU, the beta-

cell function was reduced and decreased pancreatic beta-cell re-

sponse to the insulin-stimulating activity of SU. Metformin may

enhance insulin sensitivity and therefore has a greater effect on

patients with poor beta-cell function.19

There were only 12.8% (Met-group) and 6.8% (SU-group) pa-

tient achieving the A1C target, which was lower than prior studies.

This could be probably due to our patient had higher baseline A1C

(10.3%) and most of our patients treated with two or three maximal

tolerated dosage of OADs. According to the findings of the First Basal

Insulin Evaluation Asia study, initiation of insulin was delayed in

many Asian countries.20 Previous review showed that there was an

inverse relationship between the baseline A1C levels and the num-

ber of OADs used by patients at baseline and the likelihood of those

patients of achieving glycemic goals.17,21 Many patients in our study

with an A1C � 7.0% despite having an FPG < 130 mg/dL indicated
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Table 2

Least squares mean change from baseline in primary and secondary outcomes for the intent-to-treat population.

Mean change from baseline Between group difference
Characteristics

Met group (N = 47) p SU group (N = 44) p p

A1C change from baseline (%) -1.42 � 0.28 < 0.001 -1.00 � 0.28 < 0.001 -0.40 � 0.33 0.237

FPG change from baseline (mg/dL) -120.3 � 8.800 < 0.001. -90.2 � 11.1 < 0.001 -34.8 � 10.0 < 0.001 <

BW change from baseline (kg) 0-3.7 � 0.42 < 0.001 0-3.3 � 0.43 < 0.001 -0.43 � 0.60 0.478

Insulin dose change from baseline (U/day) 15.4 � 2.1- < 0.001 18.3 � 2.6- < 0.001 -3.6 � 3.2 0.274

A1C, glycosylated hemoglobin; FPG, fasting plasma glucose; BW, body weight.

Figure 2. Change in glycosylated hemoglobin (A1C) and fasting plasma

glucose (FPG) over 12 months. (A) A1C values from baseline to month 12.

(B) Change in A1C values from baseline to month 12. (C) FPG values from

baseline to month 12. (D) Change in FPG values from baseline to month 12.

Data are mean � SD or mean � SE, with last observation carried forward. Met,

metformin group; SU, sulfonylurea group.

Table 1

Baseline demographic and clinical characteristics.

Characteristic Met group (n = 47) SU group (n = 46)

Female, n 30 (63.8%) 31 (67.4%)

Age, years 59.3 � 9.7 055.0 � 14.1

Duration of diabetes, years 11.2 � 5.8 09.9 � 6.0

Weight, kg 065.0 � 13.0 063.9 � 15.3

Body-mass index, kg/m
2

25.7 � 4.0 25.2 � 4.3

A1C, % 10.3 � 1.6 10.3 � 1.5

FPG, mg/dL 234.5 � 49.8 239.5 � 51.4

C-peptide, ng/mL 02.99 � 1.70 02.86 � 1.79

eGFR, mL/min/1.73 m
2

074.6 � 17.6 070.6 � 14.2

ALT, IU/L 032.3 � 40.3 036.2 � 37.3

Total cholesterol, mg/dL 211.7 � 41.2 212.5 � 39.4

Triglyceride, mg/dL 0200.7 � 134.7 0201.8 � 126.8

LDL cholesterol, mg/dL 132.2 � 36.5 131.5 � 37.9

HDL cholesterol, mg/dL 050.3 � 22.2 047.3 � 21.2

Metformin, mg/day 2245 � 616 2114 � 493

Thiazolidinedione, n 10 (21.3%) 11 (25.0%)

Sulfonylurea, n 47 (100%). 44 (100%).

Glibenclamide, n 06 (12.8%) 07 (15.9%)

Gliclazide, n 08 (17.0%) 10 (22.7%)

Glimepiride, n 33 (70.2%) 27 (61.4%)

Insulin dose, U/day 25.4 � 4.9 24.5 � 5.9

Insulin dose, U/kg/day 00.39 � 0.03 00.39 � 0.03

Data are n (%) or mean � SD.

A1C, glycosylated hemoglobin; FPG, fasting plasma glucose; ALT, alanine-

aminotransferase; eGFR, estimated Glomerular filtration rate (MDRD).

* p < 0.05.



that they delayed initiation of insulin and required advancing to

combination injectable therapy. In addition, our study design was

similar to conditions in actual practice, allowing only five visits dur-

ing the 48 weeks study period. Even though patients were educated

on how to adjust their insulin doses using self-monitored blood glu-

cose data, many patients hesitated to follow the algorithm for

adjustment of insulin glargine; and only adjusted the insulin dose

after visiting the study site. Previous trials proposed that FPG was

significantly lower in those reaching the A1C target than in those

who did not;10,12 therefore, the higher FPG target and lower rate of

patients achieving the FPG target may be important reasons why

more patients in our study failed to achieve an A1C of < 7% com-

pared to previous studies. Few studies have evaluated the efficacy of

insulin therapy in elderly patients.22 Our post hoc analysis showed

there were no significant differences in the reduction of A1C be-

tween elderly and non-elderly patients in both groups.

In this study, insulin glargine was initiated at 0.4 IU/kg/day,

which was higher than the initiating dose in previous studies and the

consensus algorithm for initiation of insulin of guidelines.15,16,18 This

is because patients were switched from multiple OAD use to a single

OAD class in our study, and we anticipated that a higher initiating

dose would be required. The final dose of insulin glargine in the

present study was 0.62–0.67 IU/kg/day, similar to previous studies

(0.42 to 0.78 IU/kg/day).6–14 Despite the fact that we started with a

higher dose of insulin glargine, the percentage of patients ex-

periencing episodes of symptomatic hypoglycemia were similar to

previous studies and there was only one case of major hypoglycemia

during the study period.

There were some limitations to this study. Firstly, it was a

single-center prospective, open-label study and, therefore, it en-

tailed a risk of bias. Secondly, the study population was relatively

small, which allows us to draw statistically supported conclusions

only on our primary end point. Finally, we did not include several

new classes of OADs, like sodium-glucose cotransporter-2 inhibitors,

dipeptidyl peptidase-4 inhibitors or a combination of two classes of

OADs. Further studies are required to evaluate which regimen is

better when initiating of basal insulin.

5. Conclusion

This 48-week prospective, open-label real-world clinical prac-

tice study, conducted on patients with type 2 diabetes mellitus

poorly controlled with > 2 OADs; switching to insulin glargine with

Met or insulin glargine with SU, showed comparable effectiveness in

improving glycemic control.

Conflicts of interest

There are no conflicts of interest.

Source of support

None.

References

1. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose

control with sulphonylureas or insulin compared with conventional treat-

ment and risk of complications in patients with type 2 diabetes (UKPDS

33). Lancet. 1998;352:837–853.

2. Holman RR, Paul SK, Bethel MA, et al. 10-year follow-up of intensive glu-

cose control in type 2 diabetes. N Engl J Med. 2008;359:1577–1589.

3. Wing RR, Venditti E, Jakicic JM, et al. Lifestyle intervention in overweight

individuals with a family history of diabetes. Diabetes Care. 1998;21:

350–359.

4. Tuomilehto J, Lindström J, Eriksson JG, et al. Prevention of type 2 dia-

betes mellitus by changes in lifestyle among subjects with impaired glu-

cose tolerance. N Engl J Med. 2001;344:1343–1350.

5. Turner RC, Cull CA, Frighi V, et al. Glycemic control with diet, sulfonylurea,

metformin, or insulin in patients with type 2 diabetes mellitus: progres-

sive requirement for multiple therapies (UKPDS 49). JAMA. 1999;281:

2005–2012.

6. Riddle MC, Rosenstock J, Gerich J. The treat-to-target trial: randomized

addition of glargine or human NPH insulin to oral therapy of type 2 dia-

betic patients. Diabetes Care. 2003;26:3080–3086.

7. Davies M, Storms F, Shutler S, et al. Improvement of glycemic control in

subjects with poorly controlled type 2 diabetes: comparison of two treat-

ment algorithms using insulin glargine. Diabetes Care. 2005;28:1282–

1288.

8. Hermansen K, Davies M, Derezinski T, et al. A 26-week, randomized, par-

allel, treat-to-target trial comparing insulin detemir with NPH insulin as

add-on therapy to oral glucose-lowering drugs in insulin-naïve people

with type 2 diabetes. Diabetes Care. 2006;29:1269–1274.

9. Kennedy L, Herman WH, Strange P, et al. Impact of active versus usual al-

gorithmic titration of basal insulin and point-of-care versus laboratory

measurement of HbA1c on glycemic control in patients with type 2 dia-

betes: the Glycemic Optimization with Algorithms and Labs at Point of

Care (GOAL A1C) trial. Diabetes Care. 2006;29:1–8.

10. Yki-Järvinen H, Kauppinen-Mäkelin R, Tiikkainen M, et al. Insulin glargine

or NPH combined with metformin in type 2 diabetes: the LANMET study.

Diabetologia. 2006;49:442–451.

11. Rosenstock J, Davies M, Home PD, et al. A randomised, 52-week, treat-

to-target trial comparing insulin detemir with insulin glargine when ad-

ministered as add-on to glucose-lowering drugs in insulin-naive people

with type 2 diabetes. Diabetologia. 2008;51:408–416.

12. Blonde L, Merilainen M, Karwe V, et al. Patient-directed titration for

achieving glycaemic goals using a once-daily basal insulin analogue: an

assessment of two different fasting plasma glucose targets - the TI-

TRATE
TM

study. Diabetes Obes Metab. 2009;11:623–631.

13. Misra A, Patel M, Agarwal P, et al. Effectiveness and safety of physician-

led versus patient-led titration of insulin glargine in Indian patients with

type 2 diabetes mellitus: a subanalysis of the Asian Treat to Target Lantus

Study (ATLAS). Diabetes Technol Ther. 2019;21:656–664.

14. Fritsche A, Schweitzer MA, Haring HU. Glimepiride combined with morn-

ing insulin glargine, bedtime neutral protamine hagedorn insulin, or bed-

time insulin glargine in patients with type 2 diabetes. A randomized, con-

trolled trial. Ann Intern Med. 2003;138:952–959.

15. Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia

in type 2 diabetes, 2015: a patient-centered approach: update to a posi-

tion statement of the American Diabetes Association and the European

Association for the Study of diabetes. Diabetes Care. 2015;38:140–149.

16. Garber AJ, Abrahamson MJ, Barzilay JI, et al. Consensus statement by the

American Association of Clinical Endocrinologist and American College of

Endocrinology on the comprehensive type 2 diabetes management alo-

gorithm--2016 executive summary. Endocr Pract. 2016;22:84–113.

17. Hirose T, Chen CC, Ahn KJ, et al. Use of insulin glargine 100 U/mL for the

treatment of type 2 diabetes mellitus in East Asians: a review. Diabetes

Ther. 2019;10:805–833.

18. American Diabetes Association. 9. Pharmacologic approaches to gly-

cemic treatment: standards of medical care in diabetes—2020. Diabetes

Care. 2020;43:S98– S110.

19. Rena G, Hardie DG, Pearson ER. The mechanisms of action of metformin.

Diabetologia. 2017;60:1577–1585.

20. Tsai ST, Pathan F, Ji L, et al. First insulinization with basal insulin in pa-

tients with type 2 diabetes in a real-world setting in Asia. J Diabetes.

2011;3:208–216.

21. Ikeda Y, Tsukube S, Kadowaki T, et al. Predictors for achieving target

glycemic control in Japanese patients with type 2 diabetes after initiation

of basal supported oral therapy using insulin glargine: sub-analysis of the

ALOHA2 study, drug use surveillance in Japan. Diabetol Int. 2016;7:188–

198.

22. Chen WC, Lee CC, Chien MN, et al. Blood glucose management of type 2

diabetes in the older people. Int J Gerontol. 2018;12:170–174.

Efficacy of Insulin Glargine and Oral Antidiabetic Drugs 141


