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Abstract
Objective  To compare the efficacy and safety of an initial 
triple therapy using metformin, a dipeptidyl peptidase-4 
(DPP4) inhibitor, and thiazolidinedione with a stepwise 
approach using sulfonylurea and metformin in new-onset, 
drug-naïve patients with type 2 diabetes.
Research design and methods  Among drug-naïve 
patients with 9.0%–12.0% glycated hemoglobin (HbA1c) 
but no hyperglycemic symptoms, 100 subjects who started 
triple medications (metformin 1000 mg/day, sitagliptin 
100 mg/day, and lobeglitazone 0.5 mg/day) were selected 
as an initial triple therapy group. Age and body mass 
index-matched subjects (n=100) who started glimepiride 
(≥2 mg/day with uptitration) and metformin (≥1000 mg/day 
with uptitration) were selected as a conventional therapy 
group. We investigated changes in HbA1c level, dynamic 
indexes for insulin sensitivity and β-cell function, and 
hypoglycemia.
Results  After 12 months of treatment, HbA1c 
levels decreased significantly in both groups: from 
10.7%±1.0% to 6.7%±1.3% in the triple group, and 
from 10.5%±1.0% to 7.3%±1.2% in the conventional 
therapy group. At 12 months, achievement of the HbA1c 
target (<7.0%) was higher in the triple group than in the 
conventional group (70% vs 52%, p<0.01). Dynamic 
indexes related to β-cell function and insulin sensitivity 
improved, and albuminuria reduced significantly only in 
the triple group. Hypoglycemia was more common in the 
conventional group.
Conclusions  Initial triple combination therapy with the 
DPP4 inhibitor, metformin, and thiazolidinedione showed a 
higher achievement of the target HbA1c goal with a lower 
risk of hypoglycemia, better restoration of β-cell function, 
and multiple metabolic benefits, implying durable glycemic 
control. This strategy may be useful for patients presenting 
with type 2 diabetes and high HbA1c levels.

Introduction
Landmark clinical trials in the manage-
ment of type 2 diabetes (T2D) including the 
UK Prospective Diabetes Study (UKPDS), 
the Action to Control Cardiovascular Risk 
in Diabetes Study, Action in Diabetes and 

Vascular Disease: Preterax and Diamicron 
MR Controlled Evaluation, and the Veterans 
Affairs Diabetes Trial have shown that inten-
sive glycemic control reduces the risk for 
microvascular complications.1–4 In addi-
tion, intensive glycemic control in the early 
period of diabetes results in a significantly 
lower incidence of cardiovascular disease 
and mortality.4 Additionally, international 
consensus recognizes the need for combina-
tion therapy for glucose lowering in those 
patients significantly above the glycated 

Significance of this study

What is already known about this subject?
►► Early combination therapy with incretin-based ther-
apy and/or thiazolidinedione (TZD) has been prov-
en better for glycemic control than metformin and 
sulfonylurea.

►► A study using initial triple combination with met-
formin, pioglitazone, and exenatide showed sig-
nificantly better long-term glycemic control than a 
stepwise approach using metformin, sulfonylurea, 
and insulin.

What are the new findings?
►► Initial combination treatment with metformin, sita-
gliptin, and lobeglitazone (a new TZD) showed better 
efficacy and less hypoglycemia compared with a 
conventional approach of sequential dose escalation 
with metformin and sulfonylurea in drug-naïve pa-
tients with type 2 diabetes (T2D) with high baseline 
HbA1c levels (9.0%–12.0%).

How might these results change the focus of 
research or clinical practice?

►► Triple combination therapy with dipeptidyl pepti-
dase-4 inhibitor to preserve β-cells and with TZD 
and metformin to lower the burden on the β-cells 
might be a good option for drug-naïve patients with 
T2D with high HbA1c levels.
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hemoglobin (HbA1c) target.5 International and local 
clinical guidelines propose glycemic targets as HbA1c 
level <7.0% in general, and a more stringent target 
(6.0%–6.5%) in patients whose duration of diabetes was 
shorter, free from vascular complications, or who were 
young.6–8

Progressive β-cell failure under an insulin-resistant 
milieu has limited long-term durable glycemic control 
in patients with T2D,9 which leads to increased risk for 
microvascular and macrovascular complications.10 In the 
UKPDS, >70% of patients who were treated with sulfo-
nylurea or insulin eventually failed to achieve the target 
HbA1c level (<7.0%) over 9 years.11 By contrast, thiazo-
lidinediones (TZD), peroxisome proliferator-activated 
receptor-γ (PPAR-γ) agonists, have shown more durable 
glycemic control than sulfonylurea.12 13 PPAR-γ is a 
nuclear hormone receptor that regulates glucose homeo-
stasis, lipid metabolism, and adipocyte function.14 TZDs 
target PPAR-γ and have shown many beneficial effects in 
metabolic profiles. However, TZD therapy is associated 
with some adverse events, which limit its tolerability.

Several new antihyperglycemic agents, such as dipep-
tidyl peptidase-4 (DPP4) inhibitors, glucagon-like 
peptide-1 receptor (GLP1R) agonists, and sodium/
glucose cotransporter-2 (SGLT2) inhibitors, have been 
developed. Investigation of whether combination therapy 
with these new classes of different antidiabetic medica-
tions results in favorable glycemic control is warranted.

There is some evidence for initial combination therapy 
due to the greater initial reduction of HbA1c than can 
be provided by metformin alone.15 16 A study using initial 
triple combination with metformin, pioglitazone, and 
exenatide, a GLP1R agonist, showed significantly better 
long-term glycemic control than a stepwise approach 
using metformin, sulfonylurea, and insulin.17 However, 
more evidence is required to confirm that a triple combi-
nation approach is superior to sequential addition of 
medications for maintaining glycemic control or slowing 
the progression of diabetes.

We therefore investigated the efficacy and safety of 
initial triple combination therapy with oral agents: 
metformin, sitagliptin (a DPP4 inhibitor), and lobeg-
litazone (a TZD). Sitagliptin increases GLP1 levels by 
inhibiting DPP4 enzyme activity, potentiates glucose-
dependent insulin secretion, and lowers glucagon 
secretion.18 Lobeglitazone is a new TZD and has similar 
glucose-lowering efficacy to pioglitazone.19 We believe 
that the mechanism of action of these drugs is comple-
mentary to that of metformin and to each other, and all 
involve a low risk of hypoglycemia, suggesting an additive 
effect in glucose control and safety.

Patients and methods
Study design
Among new-onset, drug-naïve participants with T2D 
who visited the diabetes clinic, Seoul National Univer-
sity Bundang Hospital in 2014–2016, we selected 322 

who met the following criteria for this study. Inclusion 
criteria were: (1) age ≥20 years; (2) patients with an 
HbA1c level of 9.0%–12.0% at diagnosis; (3) absence of 
severe hyperglycemic symptoms; and (4) negative preg-
nancy tests. Among them, 31 patients were excluded for 
the following exclusion criteria: (1) severe hyperglycemic 
symptoms, such as weight loss >5 kg; (2) previous use of 
oral hypoglycemic agents or insulin within 6 months; (3) 
type 1 diabetes, which was diagnosed by a fasting C-pep-
tide level of <0.3 ng/mL or positivity for glutamic acid 
decarboxylase antibody; (4) gestational diabetes; (5) a 
secondary cause of diabetes; (6) renal insufficiency (esti-
mated glomerular filtration rate <50 mL/min/1.73 m2); 
(7) heart failure (New York Heart Association class III–
IV); or (8) a history of malignancy or chronic disease.

Among these 291 patients with T2D who met the 
inclusion and exclusion criteria, 100 who started initial 
triple combination therapy, metformin 1000 mg/day, 
sitagliptin 100 mg/day, and lobeglitazone 0.5 mg/day at 
baseline were selected consecutively for the initial triple 
therapy group. Using age (±3 years) and body mass index 
(BMI) (±2 kg/m2) matching, another 100 subjects who 
started glimepiride (2–6 mg/day) and metformin (1000–
2000 mg/day) at baseline were selected as a conventional 
stepwise therapy group: initial doses of glimepiride and 
metformin were decided at the physician’s discretion.

In the triple therapy group, if the HbA1c level 
was >8.0% at 2 and 5 months, the metformin dose was 
recommended to increase by 25%–50% at the physician’s 
discretion. If the HbA1c level was still >7.0% at 8 months, 
the metformin dosage was recommended to be increased 
further at the physician’s discretion. In the conventional 
group, if the HbA1c level was >8.0% at 2 and 5 months, 
the metformin dose was increased by 25%–50% or the 
glimepiride dose was increased by 25%–50% if the 
metformin dose exceeded 2000 mg/day. If the HbA1c 
level was still >7.0% at 8 months, the metformin dose was 
further increased up to 2500 mg/day and glimepiride up 
to 8 mg/day. However, actual doses of metformin and 
glimepiride were titrated at each visit according to physi-
cian’s discretion.

A third antihyperglycemic agent was prescribed to 
patients with a high HbA1c level (>9.0%) at the physi-
cian’s discretion at any follow-up visit. At every visit, 
compliance to the medications was assessed using the pill 
counting method.

Follow-up examination
At baseline and 2, 5, 8, and 12 months, body weight, 
fasting glucose, and HbA1c levels were measured (online 
supplementary figure S2). At baseline and 12 months, 
fasting levels of insulin, lipid profiles including total 
cholesterol, triglyceride, and high-density lipoprotein 
(HDL)-cholesterol and low-density lipoprotein (LDL)-
cholesterol, and albuminuria were measured. A 75 g stan-
dard oral glucose tolerance test (OGTT) was conducted 
at baseline and 12 months without taking antihypergly-
cemic agents. Liver enzyme activities, such as aspartate 
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aminotransferase (AST) and alanine aminotransferase 
(ALT), and serum creatinine levels were measured at 
baseline, 5, and 12 months.

Glucose monitoring at home (fasting and postprandial 
2-hour state, at least twice a day) was recommended to all 
patients. At every visit, adverse events and hypoglycemia 
were evaluated using the records of home-measured 
glucose values and symptoms of hypoglycemia.

Hypoglycemia and other adverse events
Hypoglycemia (level 1) was defined as blood glucose 
concentration <70 mg/dL (3.9 mmol/L), with or without 
symptoms, or hypoglycemia symptoms that subsided 
after glucose ingestion. Severe hypoglycemia (level 2) 
was defined as blood glucose concentration  <54 mg/
dL (3.0 mmol/L) or hypoglycemia requiring third-party 
assistance. Other adverse events, such as dizziness, head-
ache, gastrointestinal discomfort, or edema, were also 
investigated at each visit.

Study outcomes
The primary outcome of this study was the change in 
HbA1c level from baseline after 12 months of treatment. 
Secondary outcomes included (1) changes in pancreatic 
β-cell function and insulin resistance, which were esti-
mated by dynamic glycemic parameters including OGTT 
profile, (2) changes in lipid profiles and albuminuria, 
and (3) weight change. Safety outcomes included hypo-
glycemia and other adverse events.

Anthropometry and biochemistry
Height and body weight were measured by standard 
methods with the subjects in light clothing. BMI was 
calculated as weight (in kilograms) divided by height 
(in meters) squared. After 10 hours of overnight fasting, 
venous blood samples were taken for biochemistry 
assays. Plasma glucose concentration was measured 
using a glucose oxidase method (747 Clinical Chemistry 
Analyzer; Hitachi, Tokyo, Japan). HbA1c was measured 
using a Bio-Rad Variant II Turbo HPLC Analyzer (Bio-
Rad, Hercules, CA, USA) in a National Glycohemoglobin 
Standardization Program level II certified labora-
tory. Fasting plasma C-peptide and insulin levels were 
measured by radioimmunoassay (Linco, St Louis, MO, 
USA). AST/ALT and serum creatinine were measured 
using an Architect Ci8200 analyzer (Abbott Laboratories, 
Abbott Park, IL, USA). Serum-free fatty acid, total choles-
terol, triglyceride, HDL-cholesterol, and LDL-cholesterol 
levels were measured using a 747 Clinical Chemistry 
Analyzer (Hitachi). Urinary albumin was measured using 
turbidimetry (502X, A&T, Tokyo, Japan), and urinary 
creatinine was measured using the Jaffe method (Hitachi 
7170, Hitachi). The ratio of urinary albumin to creati-
nine concentration (mg/g) was used for albuminuria.

All subjects underwent a standardized 75 g OGTT 
with overnight fasting for 10 hours. The levels of plasma 
glucose, insulin, and C-peptide were measured at base-
line and at 30 min and 2 hours after the OGTT.

To estimate pancreatic β-cell function and insulin 
resistance, several surrogate markers were calculated: 
the homeostasis model assessment of insulin resistance 
(HOMA-IR) and β-cell function (HOMA-β),20 the 
Matsuda index,21 the quantitative insulin sensitivity check 
index (QUICKI),22 the insulinogenic index (IGI), and 
the disposition index. The disposition index was calcu-
lated by IGI multiplied by the Matsuda index and it was 
validated in both people with European ancestry and 
Asians.23 24 The total area under the curve of glucose and 
insulin (AUCglucose and AUCinsulin) were also derived from 
the results of the OGTT. The IGI30 was calculated as the 
ratio of the 30 min insulin level minus the fasting insulin 
level to that of the 30 min glucose level minus the fasting 
glucose level (ΔInsulin30:ΔGlucose30)25 and it was vali-
dated against first-phase insulin secretion on intrave-
nous glucose tolerance testing.26 In addition, the IGI120 
was calculated as the ratio of the 120 min insulin level 
minus the fasting insulin to that of the 120 min glucose 
level minus the fasting glucose level (ΔInsulin120:ΔGlu-
cose120) for all insulin secretion, based on the OGTT 
results.

Statistical analysis
Values are presented as the mean±SD. Two-sided t-tests 
were used to compare mean differences between treat-
ment arms and a χ2 test was used to test the significance of 
discrete variables. To test for the independent association 
of intervention with glycemic target goal achievement, we 
performed a multivariable logistic regression model for 
patients without hypoglycemia and with HbA1c <7.0%.

The study was powered to detect a 0.5% (±0.95 SD) 
HbA1c difference between treatment arms based on the 
HbA1c decrease in previous studies including the PROac-
tive study.17 27 Based on this assumption, we hypothesized 
that participants who received initial triple therapy with 
metformin, TZD, DPP4 inhibitor combination would 
achieve a ≥0.5% lower HbA1c without hypoglycemia 
than those receiving conventional dual stepwise therapy 
with metformin and sulfonylurea. We calculated that 96 
participants per arm would provide 90% power to detect 
a 0.5% HbA1c difference without hypoglycemia between 
treatment arms at α<0.05.

Results
Subject characteristics
In total, 322 subjects with newly diagnosed T2D were 
screened in 2014–2016. Among them, 100 patients were 
selected as an initial triple therapy group with metformin, 
TZD, and a DPP4 inhibitor, and another 100 patients as 
a conventional stepwise therapy group with metformin 
and sulfonylurea (online supplementary figure S1). The 
demographic and biochemical characteristics of the 
subjects are shown in table  1. The mean age and BMI 
of the study subjects were 50.4–52.4 years (±10.9 SD) 
and 25.7 kg/m2 (±3.5–4.8 SD) in both groups, which is a 
typical pattern found in Asian patients with T2D.
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Table 1  Baseline characteristics of the study populations

Initial triple 
therapy
(n=100)

Conventional 
stepwise 
therapy
(n=100) P value

Gender (male/
female)

65/35 67/33 NS

Family history of DM 53 (53.0%) 46 (46.0%) NS

History of CVD 7 (7.0%) 10 (10.0%) NS

Age (years) 50.4±10.9 52.2±10.9 NS

Height (cm) 166.5±8.2 166.2±9.1 NS

Body weight (kg) 71.6±15.8 71.2±12.9 NS

Body mass index 
(kg/m2)

25.7±4.8 25.7±3.5 NS

SBP (mm Hg) 131.8±17.7 132.8±16.0 NS

DBP (mm Hg) 80.4±12.3 81.1±11.7 NS

Duration of DM 
(months)

35.4±59.7 27.6±49.6 NS

HbA1c (%) 10.8±0.9 10.6±1.0 NS

Fasting plasma 
glucose (mg/dL)

226.9±62.1 225.3±69.2 NS

Postload 30 min 
glucose (mg/dL)

319.4±71.2 314.7±65.2 NS

Postload 120 min 
glucose (mg/dL)

364.7±86.0 357.1±87.2 NS

Fasting plasma 
insulin (μIU/mL)

11.1±6.1 10.8±5.9 NS

Postload 30 min 
insulin (μIU/mL)

16.7±11.2 15.8±7.2 NS

Postload 120 min 
insulin (μIU/mL)

20.8±19.1 20.5±16.6 NS

C-peptide (ng/mL) 2.3±1.4 2.5±1.4 NS

Glucagon (pg/mL) 194.0±72.4 198.5±89.8 NS

Total cholesterol 
(mg/dL)

210.6±43.5 206.7±54.4 NS

Triglyceride (mg/dL) 205.4±188.1 190.7±170.6 NS

HDL-cholesterol 
(mg/dL)

47.6±9.7 49.2±11.9 NS

LDL-cholesterol 
(mg/dL)

125.3±33.5 123.8±39.9 NS

Free fatty acid 
(μmol/L)

590.7±208.2 684.6±191.4 NS

AST (IU/L) 26.9±13.7 27.6±15.9 NS

ALT (IU/L) 34.8±27.6 34.9±27.9 NS

Serum creatinine 
(mg/dL)

0.77±0.20 0.78±0.20 NS

Urinary albumin-
creatinine ratio 
(mg/g)

109.1±328.0 103.2±284.5 NS

Comorbidity, n (%)

Hypertension 32 (32.0) 34 (34.0) NS

 � ARB/ACE inhibitor 24 (24.0) 30 (30.0) NS

Continued

Initial triple 
therapy
(n=100)

Conventional 
stepwise 
therapy
(n=100) P value

Dyslipidemia 72 (72.0) 68 (68.0) NS

 � Statin therapy 38 (38.0) 42 (42.0) NS

 � Fibrate therapy 3 (3.0) 4 (4.0) NS

Data are expressed as the mean±SD. P values were 
calculated using Student’s t-tests for continuous data and 
χ2 tests for categorical data.
ALT, alanine aminotransferase; ARB, angiotensin-II 
receptor blocker; AST, aspartate aminotransferase; CVD, 
cardiovascular disease; DBP, diastolic blood pressure; DM, 
diabetes mellitus; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; NS, not significant; SBP, systolic blood 
pressure.

Table 1  Continued

Around 40% of patients in the two groups were taking 
statins at the baseline in this study, most of them of 
mild to moderate intensity. During the study period, 
four patients in the triple group and three patients in 
the conventional group received a new prescription of 
moderate-intensity statins. The proportion of patients 
who were taking antihypertensive drugs was 32.0% in the 
initial group and 34.0% in the conventional group.

Disposition of subjects
Of 100 participants in the triple group, 14 discontinued 
follow-up (online supplementary figure S1). Reasons for 
discontinuation were: hypoglycemia (n=1), other adverse 
events (n=4), and missing in the follow-up visit without 
prior notice (n=9); these nine patients explained that 
their blood glucose levels were well controlled, and they 
did not feel the need to continue in the study. Of 100 
participants in the conventional group, 16 discontinued 
follow-up. Reasons for discontinuation were: hypogly-
cemia (n=5), poor compliance (n=1), other adverse 
events (n=5), and missing in the follow-up visit without 
prior notice (n=5).

Drug compliance was >85% in both groups. The 
metformin dose was increased slightly from 1035 mg/
day at baseline to 1194 mg/day at the end of the study 
in the initial triple group (p>0.05). The metformin dose 
was increased significantly from 1030 mg/day at baseline 
to 1425 mg/day at the end of study period in the conven-
tional treatment group (p<0.05). The glimepiride dose 
was increased from 4.34 mg/day at baseline to 4.51 mg/
day at 12 months in the conventional treatment group. 
Note that the glimepiride dose was decreased in 10 
patients in the conventional group to prevent hypogly-
cemia. Basal insulin as a rescue therapy was given to 
five patients in the conventional group. As prespecified, 
a total of 86 (86%) patients in the triple group and 84 
(84%) in the conventional group were included in the 
final analysis.
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Figure 1  Changes in HbA1c and fasting and postload 
2-hour glucose concentrations at baseline and 2, 5, 8, 
and 12 months of follow-up. Student’s t-test was used for 
comparison between the two groups. *P<0.05.

Figure 2  Overall glycemic target goal achievement (A), 
glycemic target goal achievement without hypoglycemia (B), 
percentage of patients who experienced hypoglycemia and 
severe hypoglycemia (C), and percentage of patients who 
received rescue therapy (D) among the participants who 
completed the 12 months’ follow-up.

Study outcomes
HbA1c levels at baseline, 2, 5, 8, and 12 months between 
the two treatment groups are shown in figure  1. Base-
line HbA1c levels did not differ between the groups 
that received 1 year treatment: 10.7%±1.0% in the triple 
group versus 10.5%±1.0% in the conventional group; 
at 5 months, HbA1c levels decreased significantly in 
both groups: 6.7%±1.2% vs 7.0%±1.1%, respectively, 
but there was no significant difference between the two 

groups. At 8 months, HbA1c levels slightly increased 
with conventional therapy to 7.2%±1.2%, but remained 
stable at 6.7%±1.2% with triple therapy; thus, the differ-
ence in HbA1c between the two treatments progressively 
increased with time and was significantly different at 12 
months: 6.7%±1.3% vs 7.3%±1.2%; p<0.001. At 12 months, 
HbA1c levels decreased by 4.05%±1.70% in participants 
receiving the triple therapy and 3.28%±1.57% in the 
conventional group (p<0.05).

The baseline fasting glucose concentrations in 
patients in the triple group and in those in the conven-
tional group were similar. At 12 months, the fasting 
glucose level was lower in the patients in the triple 
group than in those in the conventional group: 
128.1±35.6 mg/dL (6.6±0.2 mmol/L) vs 140.8±36.2 mg/
dL (7.2±0.3 mmol/L); p<0.01. The postprandial 2-hour 
glucose level also decreased in both groups at 2 months, 
but the gap in the level between the two groups became 
wider from 5 months. At 5, 8, and 12 months, the differ-
ence reached statistical significance.

Body weight and BMI in both groups increased signifi-
cantly (2.4 kg and 0.8 kg/m2 in the triple therapy group 
and 2.2 kg and 0.8 kg/m2 in the conventional group, 
respectively) and this seemed to result from the resto-
ration of glucose homeostasis after antihyperglycemic 
treatment. Specifically, TZD in the triple therapy group 
and sulfonylurea in the conventional group might 
contribute to the weight gain observed.

The participants who received the triple therapy 
showed a higher achievement rate in glycemic target 
goal than did those receiving conventional therapy at 12 
months: 69.8% vs 52.4% in HbA1c<7.0%, p=0.027; 58.1% 
vs 36.9% in HbA1c≤6.5%, p=0.006 (figure  2A). The 
proportion of participants who achieved the glycemic 
target goal without hypoglycemia was higher in the triple 
group than in the conventional group: 69.8% vs 41.7% in 
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Table 2  Changes in anthropometric parameters and biomarkers after treatment

Initial triple therapy (n=86) Conventional stepwise therapy (n=84)

P value*Baseline 12 months P value Baseline 12 months P value

Body mass index (kg/m2) 25.9±4.9 26.7±4.8 <0.01 25.6±3.6 26.4±3.7 <0.01 NS

SBP (mm Hg) 131.0±17.6 131.3±16.7 NS 132.0±15.8 135.2±17.0 NS NS

DBP (mm Hg) 79.9±12.8 78.1±10.8 NS 79.7±11.2 79.7±11.7 NS NS

HbA1c (%) 10.7±1.0 6.7±1.3 <0.01 10.5±1.0 7.3±1.2 <0.01 <0.05

Fasting plasma glucose 
(mg/dL)

228.3±60.1 128.1±35.6 <0.01 221.1±67.8 140.8±36.2 <0.01 <0.05

Postload 30 min glucose 
(mg/dL)

318.3±69.2 185.9±49.8 <0.01 314.1±67.6 238.1±28.9 0.068 <0.05

Postload 120 min glucose 
(mg/dL)

366.5±84.9 185.8±71.3 <0.01 352.3±85.2 238.6±70.5 <0.01 <0.05

AUCglucose 308.9±64.5 165.2±40.2 <0.01 309.3±58.2 237.3±43.9 <0.01 <0.05

Fasting plasma insulin (μIU/
mL)

10.8±6.1 9.4±5.0 NS 10.4±5.5 10.9±5.1 NS NS

Postload 30 min insulin (μIU/
mL)

15.7±9.0 25.4±12.6 <0.01 15.6±7.4 12.6±3.3 NS <0.05

Postload 120 min insulin 
(μIU/mL)

20.7±20.1 46.3±47.4 <0.01 19.8±17.1 16.8±5.8 NS <0.05

AUCinsulin 15.8±9.7 26.7±17.9 <0.01 14.8±7.9 12.9±3.5 NS <0.05

C-peptide (ng/mL) 2.2±1.3 2.5±1.0 NS 2.6±1.4 3.1±1.6 NS NS

HOMA-IR† 6.1±3.7 2.7±1.5 <0.01 5.7±3.4 4.5±2.4 NS <0.05

HOMA-β† 27.2±18.7 81.1±66.1 <0.01 31.1±28.8 43.1±26.5 NS <0.05

QUICKI 0.50±0.07 0.59±0.07 <0.01 0.50±0.08 0.52±0.07 0.029 <0.05

Matsuda index 4.35±2.55 6.56±3.34 <0.01 4.91±3.03 6.01±3.45 <0.01 <0.05

IGI30 0.044±0.089 0.298±0.263 <0.01 0.064±0.069 0.050±0.063 NS <0.05

IGI120 0.154±0.583 0.481±1.893 <0.01 0.149±0.403 0.070±0.053 NS <0.05

Disposition index 0.20±0.32 1.96±2.55 <0.01 0.31±0.39 0.25±0.29 NS <0.05

Glucagon (pg/mL) 194.0±76.0 180.3±76.3 NS 206.6±90.9 210.5±106.1 NS NS

Total cholesterol (mg/dL) 207.9±43.3 178.1±38.3 <0.01 206.5±52.8 172.6±40.5 <0.01 NS

Triglycerides (mg/dL) 184.9±130.3 144.1±81.3 <0.01 192.0±179.7 171.4±117.4 NS <0.05

HDL-cholesterol (mg/dL) 46.9±9.4 49.1±8.9 <0.05 50.0±12.1 47.1±9.8 NS <0.05

LDL-cholesterol (mg/dL) 125.3±33.4 100.5±30.5 <0.01 125.1±38.5 96.7±30.3 <0.01 NS

Free fatty acid (μmol/L) 590.7±208.2 396.3±150.7 NS 684.6±191.4 571.5±206.3 NS NS

AST (IU/L) 26.5±13.2 27.8±22.1 NS 28.1±15.5 33.4±21.9 <0.05 <0.05

ALT (IU/L) 34.3±29.1 30.3±29.5 NS 35.9±29.0 41.6±33.6 NS <0.05

Serum creatinine (mg/dL) 0.76±0.19 0.79±0.20 NS 0.77±0.19 0.81±0.29 NS NS

Urinary albumin-creatinine 
ratio (mg/g)

87.4±243.7 72.8±278.8 <0.05 108.6±305.6 114.9±388.2 NS <0.05

Data are expressed as mean±SD. P values were calculated using a paired t-test between the values recorded at the baseline and after 
treatment.
*P values were calculated using Student’s t-test for delta changes between the two groups.
†Log-transformed values were used for comparison.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; AUC, area under the curve; DBP, diastolic blood pressure; HDL, high-
density lipoprotein; HOMA-β, homeostasis model assessment of β-cell function; HOMA-IR, homeostasis model assessment of insulin 
resistance; IGI, insulinogenic index; LDL, low-density lipoprotein; NS, not significant; QUICKI, quantitative insulin sensitivity check 
index; SBP, systolic blood pressure.

HbA1c<7.0%, p<0.001; 58.1% vs 29.8% in HbA1c≤6.5%, 
p<0.001 (figure 2B).

As secondary outcomes, HOMA-β increased and 
HOMA-IR decreased significantly in patients in the 

triple group, but not in those in the conventional group 
(table  2). AUCinsulin increased significantly in patients 
in the triple group but did not change in those in the 
conventional group. The QUICKI, Matsuda index, 
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Table 3  Variables associated with glycemic target goal (HbA1c<7.0% without hypoglycemia) at 12 months

Standardized β P value OR

95% CI

Lower Upper

Age (years) −0.013 0.536 0.987 0.947 1.029

Male versus female 0.339 0.528 1.404 0.490 4.025

Initial triple versus conventional therapy 1.021 0.007 2.776 1.327 5.808

DM duration: <24 months vs ≥24 months 1.662 <0.001 5.272 2.253 12.335

Family history of DM: yes versus no 0.264 0.482 1.302 0.624 2.716

Hypertension: yes versus no 0.428 0.346 1.534 0.630 3.738

Body mass index (kg/m2) 0.015 0.772 1.015 0.918 1.123

Systolic blood pressure (mm Hg) −0.009 0.484 0.991 0.966 1.016

Fasting plasma glucose (mg/dL) 0.001 0.741 1.001 0.995 1.008

HbA1c (%) −0.039 0.861 0.962 0.621 1.488

C-peptide (ng/mL) 0.276 0.085 1.318 0.963 1.802

Total cholesterol (mg/dL) −0.005 0.266 0.995 0.986 1.004

Triglyceride (mg/dL) 0.001 0.929 1.000 0.998 1.003

ALT (IU/L) −0.008 0.335 0.992 0.976 1.008

Serum creatinine (mg/dL) 1.366 0.274 3.920 0.338 45.409

Multivariable logistic regression analysis was performed.
ALT, alanine aminotransferase; DM, diabetes mellitus.

IGI30, IGI120, and disposition index increased signifi-
cantly in the triple group patients, while these indices 
did not change in those receiving the conventional 
therapy. There was a significant negative correlation 
between changes in HOMA-β and changes in HbA1c 
levels (r=–0.501, p<0.001), indicating a positive relation-
ship between the improvement in β-cell function and the 
decrease in HbA1c concentration.

There were no significant differences in systolic or 
diastolic blood pressure changes between the two groups. 
Participants in both groups increased BMI by 0.8–0.9 kg/
m2 at 5 months, which was maintained by 12 months. In 
the lipid profiles, triglyceride levels decreased and HDL-
cholesterol levels increased in participants in the triple 
group, but there was no significant change in the levels 
in the conventional group participants, resulting in a 
significant difference in levels between the two groups 
(table 2). The LDL-cholesterol levels decreased in both 
groups without significant difference between the two 
groups. The AST and ALT levels decreased in partici-
pants in the triple group but did not change or increased 
slightly in the conventional group, resulting in a signif-
icant difference between the two groups. The urinary 
albumin excretion rate decreased in participants in the 
triple group, but did not change in the conventional 
group, also resulting in a significant difference between 
the two groups (table 2).

In the multivariable linear regression analysis for the 
group of patients with HbA1c<7.0% but without hypogly-
cemia, we found that initial triple therapy showed a higher 
chance (OR=2.776) for achieving the target than conven-
tional stepwise therapy (table  3). A short duration of 

diabetes mellitus was also found to be an independent vari-
able for reaching the glycemic target. Patients with a high 
baseline C-peptide level also showed better achievement of 
target, but with only borderline significance (p=0.085).

Hypoglycemia, other adverse events, and rescue therapy
In the group receiving triple therapy, one patient expe-
rienced hypoglycemia (figure  2C). In the conventional 
group, 11 patients experienced hypoglycemia including 
four with severe hypoglycemia, mostly with high doses of 
sulfonylurea. Among these 12 patients, one in the triple 
group and five in the conventional group discontinued the 
study because of hypoglycemia. A comparison of patients 
who received rescue therapy (figure 2D) identified three 
patients in the initial triple treatment group and 11 patients 
in the conventional group during the study period. Two 
patients received insulin therapy and one received an 
SGLT2 inhibitor in the initial triple therapy group. Four 
patients received insulin therapy and seven received DPP4 
inhibitors in the conventional group as rescue therapy.

Except for hypoglycemia, most other adverse events were 
mild and non-specific (online supplementary table S1). 
The number of participants who withdrew from the study 
because of other adverse events was small: four from the 
triple group and five from the conventional group (online 
supplementary figure S1).

Discussion
In this prospective observational study with drug-naïve 
patients with high HbA1c, initial triple combination 
therapy of metformin, sitagliptin, and lobeglitazone 
showed better efficacy and safety profiles than the 
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conventional stepwise approach with glimepiride and 
metformin. HbA1c was maintained at <7.0% at 12 months 
by 69.8% of participants receiving triple therapy and 
52.4% of participants receiving conventional therapy, 
which was significantly different. This difference became 
more obvious for the stricter target goal of HbA1c<6.5% 
(58.1% vs 36.9%, p<0.05).

After 12 months of treatment, significant improvement 
in surrogated markers related to insulin sensitivity and 
β-cell function was observed only in patients who received 
initial triple therapy. This result suggests that a proactive 
approach targeting pathophysiological defects of T2D 
using DPP4 inhibitor and TZD on top of metformin is 
a good option for management of T2D particularly in 
those with high HbA1c level at diagnosis.

In the conventional group treated with metformin 
and sulfonylurea, the QUICKI and Matsuda index scores 
increased significantly, which may indicate improvements 
in insulin sensitivity. By contrast, β-cell function esti-
mated by HOMA-β increased non-significantly in in this 
group. Considering that the HOMA-IR score was 5.7 and 
C-peptide level at baseline was 2.6 ng/mL in the conven-
tional group, the study subjects seemed to have exhibited 
greater insulin resistance than a β-cell defect. This might 
be the reason for the lack of significant improvement in 
HOMA-β in this group despite the significant decrease 
in HbA1c level. Metformin is known to decrease insulin 
resistance, but not to act on β-cells. Sulfonylurea is an 
insulin secretagogue, but it is not a drug that can improve 
β-cell function fundamentally.

A pathophysiological approach aiming to alleviate 
insulin resistance and hyperglucagonemia or to improve 
β-cell function has shown long-term benefit in T2D 
management, compared with simple insulin secret-
agogues.28–30 Here, both treatments showed substantial 
and comparable reductions in HbA1c levels during the 
first 5 months. However, hypoglycemia was reported 
in only one patient in the initial triple group, while 11 
patients in the conventional group experienced hypo-
glycemia. Among them, one patient in the initial triple 
group and five in the conventional group discontinued 
the study because of hypoglycemia. High numbers of 
hypoglycemic events in the conventional therapy arm can 
be attributed to the uptitration of glimepiride or insulin, 
which was added as a rescue therapy.

The HbA1c levels in both groups were decreased 
significantly at the 2 and 5-month visits (>2.0% and 
another >1.0%, respectively). The participants receiving 
initial triple combination therapy were able to maintain 
a target HbA1c goal of <7.0% over 12 months (69.8%). 
By contrast, the HbA1c level rebounded after 5 months 
using the stepwise approach. Only 52.4% of patients 
maintained the HbA1c target <7.0% over 12 months. 
These results support the use of initial triple combina-
tion therapy with DPP4 inhibitor, metformin, and TZD 
for greater durability in glucose control than the stepwise 
therapy with metformin and sulfonylurea.

The 0.2% increasing tendency in HbA1c level after 5 
months in our stepwise approach is consistent with data 
from previous studies with metformin, sulfonylurea, or 
insulin.12 13 31 It should be noted that the progressive 
increase in HbA1c levels was paralleled by a progressive 
decline in β-cell function.11

At 12 months, 141 mg/dL of fasting plasma glucose 
(FPG) in the conventional group seemed not to be satis-
factory but the metformin dose was not escalated to the 
maximum possible level; instead, 1425 mg of metformin 
was used. High-dose metformin therapy is not generally 
prescribed in Asian countries because it tends to increase 
the incidence of adverse side effects, such as gastrointes-
tinal discomfort, without affecting its glucose-lowering 
efficacy.32 Furthermore, high doses of metformin are 
also not recommended for elderly people because of 
their attenuated renal function. In our study, about 30% 
of the subjects were aged >60 years. For these reasons, a 
moderate dose of metformin (up to ~1500 mg) was used 
in the conventional therapy group.

Theoretically, the combination of incretin-based 
therapy and TZD appears more ideal than either 
treatment alone, considering complementary mecha-
nisms of action. To confirm this hypothesis, sitagliptin 
and lobeglitazone, a TZD, on top of metformin were 
chosen for a triple combination in the present study. 
In humans, initial combination treatment of sitagliptin 
and metformin showed larger improvements in glucose 
homeostasis and improvements in β-cell function than 
individual monotherapies for up to 2 years.33 We demon-
strated that drug-naïve patients with T2D benefited the 
most from early initial combination therapy of sitagliptin 
and metformin.34 35

In the present study, lobeglitazone was used as a TZD, 
which was developed aiming at a highly effective TZD 
with reduced side effects. Docking analysis for structural 
characteristics of TZD-bound PPAR-γ suggested that 
lobeglitazone displays 12 times higher affinity to PPAR-γ 
than rosiglitazone or pioglitazone.36

The results of the present study are consistent with 
previous work showing that metformin, pioglitazone, and 
exenatide triple combination therapy achieved an HbA1c 
target more successfully than in those receiving conven-
tional therapy.17 However, it should be noted that adverse 
events related with exenatide injection were not negli-
gible. The dropout rate in our triple group was much less 
than that observed in most studies with GLP1R agonists 
including exenatide37 and liraglutide.38 Recently, SGLT2 
inhibitors have proven cardiovascular and renal bene-
fits in large cardiovascular outcome trials.39–41 Because 
SGLT2 inhibitors decrease body weight and blood pres-
sure as well as glucose concentration, they might be 
another good agent for early combination.

In this study, the initial triple treatment involving a 
DPP4 inhibitor and a TZD decreased triglyceride and 
increased HDL-cholesterol levels. It alleviated albumin-
uria significantly, and improved liver enzyme activities 
compared with conventional treatment with metformin 
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and sulfonylurea. These are additional advantages 
supporting an initial triple regimen for sulfonylurea-
based regimens.

Recent evidence has shown that hypoglycemia might 
be associated with higher mortality,42 and the American 
Diabetes Association and European Association for the 
Study of Diabetes have recommended less aggressive 
glucose control in individuals at high cardiovascular risk.6 
In the present study, despite greater glucose lowering, 
the risk of hypoglycemia in the patients receiving initial 
triple therapy was one-fifth that in those receiving 
conventional therapy but is to be expected as conven-
tional therapy included use of sulfonylureas known to 
significantly increase the risk of hypoglycemia. Drug 
compliance was higher in participants in the triple group 
than in those in conventional group, may be as a result 
of less hypoglycemia. Thus, initiation of a combination 
therapy with metformin, sitagliptin, and lobeglitazone 
produced greater and more durable HbA1c reductions 
and was safer with respect to hypoglycemia and other 
adverse events compared with a conventional stepwise 
approach with sulfonylureas and metformin.

The present study has several limitations. First, we did 
not use the same drugs and same drug number in the 
comparison, which prohibited complete blinding of the 
study. However, we wanted to compare the efficacy, safety, 
and durability of initial triple therapy including TZD and 
a DPP4 inhibitor, which might be an ideal combination, 
with those of conventional dose escalation approach with 
metformin and sulfonylurea. Second, because of the 
relatively small sample size and short duration, long-term 
outcome data were not available.

Conclusions
Initial combination treatment with metformin, sita-
gliptin, and lobeglitazone showed better efficacy and 
safety compared with a conventional stepwise approach 
of sequential dose escalation with metformin and sulfo-
nylurea in drug-naïve patients with T2D with high base-
line HbA1c levels. Additional advantages with regard 
to insulin sensitivity, β-cell function, lipid profiles, and 
albuminuria were also found in the triple therapy. The 
promising results observed in the present study require a 
larger multiethnic study with longer duration to validate 
our findings. Thus, initial triple combination therapy to 
preserve β-cells with a DPP4 inhibitor and to lower the 
burden of the β-cells with TZD and metformin might be 
an ideal option for drug-naïve patients with T2D with 
high HbA1c levels.
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