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Summary

Objective We assessed the predictive parameters for therapeutic

efficacy of initial combination therapy with sitagliptin and metfor-

min in drug-naı̈ve type 2 diabetic patients.

Design, Patients, and Measurements In this 52-week treat-

ment study, 150 patients (mean age, 54Æ9 ± 12Æ5 years) with type 2

diabetes and HbA1c of 7Æ0–10% were treated with sitagliptin

100 mg once and metformin 500 mg twice daily. To assess the pre-

dictive parameters for therapeutic efficacy, a multivariate regres-

sion analysis was performed with baseline fasting glucose, insulin,

C-peptide, and glucagon levels, homoeostasis model assessment-

insulin resistance (HOMA-IR) and b-cell function (HOMA-B),

insulinogenic index (IGI, defined as 30–0 min insulin/30–0 min

glucose), and area under the curve for glucose, insulin, and C-pep-

tide obtained after 75-g oral glucose tolerance test.

Results After 52 weeks, mean HbA1c levels and fasting and post-

load 2-h glucose were significantly decreased from 8Æ7 ± 1Æ4% to

7Æ2 ± 1Æ3%, 9Æ2 ± 3Æ0 to 7Æ2 ± 1Æ8 mm, and 17Æ5 ± 5Æ1 to

10Æ9 ± 3Æ6 mm, respectively (P < 0Æ01). HOMA-B and IGI

increased significantly from 50Æ3 ± 33Æ5 to 75Æ1 ± 32Æ8 and from

11Æ3 ± 1Æ3 to 35Æ0 ± 6Æ3 at 52 weeks, respectively (P < 0Æ01). Mul-

tivariate regression analysis indicated that the reduction in HbA1c

was significantly associated with high baseline HbA1c, low IGI, and

short duration of diabetes after adjusting for age, sex, body mass

index, blood pressure, triglycerides, creatinine, high-sensitivity

CRP, glucagon, C-peptide, HOMA-B, and HOMA-IR. No severe

adverse events were observed.

Conclusion These results suggest that drug-naı̈ve type 2 diabetic

patients with low b-cell function would benefit the most from early

initial combination therapy of sitagliptin and metformin.

(Received 16 June 2011; returned for revision 4 July 2011; finally

revised 22 September 2011; accepted 22 September 2011)

Introduction

It has been well established that inhibition of dipeptidyl peptidase-4

(DPP-4)reducesbloodglucose levels inbothfastingandpostprandial

states1–3 andpreservespancreaticb-cell functioninpatients with type

2 diabetes.4,5 The mechanism of action of DPP-4 inhibitors is to

increase the levels of active incretin, glucagon-like peptide-1 (GLP-

1), and glucose-dependent insulinotropic polypeptide (GIP), which

stimulate insulin secretion as well as insulin biosynthesis while inhib-

iting glucagon release from pancreatic islets.6 DPP-4 inhibitors also

have better safety and tolerability profiles (e.g., weight neutrality and

less hypoglycaemia) compared with other hypoglycaemic agents.

When considering combination therapy with DPP-4 inhibitors, met-

formin is the most commonly used agent, which has been shown to be

effective and well tolerated from previous studies. Besides the glu-

cose-lowering effect by reducing hepatic glucose output and improv-

ing insulin resistance, metformin without inhibiting DPP-4

activity7,8 also increases active GLP-1 concentrations by 1Æ5- to 2-fold

following an oral glucose load in obese, nondiabetic subjects.9

Accordingly, this effect of metformin may provide a unique benefit

when combined with DPP-4 inhibitors through a substantial

enhancement of the incretin axis, which provides effective and poten-

tiallyadditiveglycaemicimprovement.10,11

Because of its favourable pharmacological properties, combina-

tion of a DPP-4 inhibitor and metformin has been increasingly

used to achieve rapid glycaemic goal with low risk of hypoglyca-

emia and no weight gain and to delay the need for subsequent regi-

men changes.10 DPP-4 inhibitors block DPP-4 enzyme and

preserve endogenous incretins, whereas metformin increases the

active form of GLP-1,9 both of which may enhance the secretory

function of pancreas. However, the response to DPP-4 inhibitors

and metformin combination therapy may be different in individu-

als according to their pancreatic function and insulin resistance
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status. In fact, previous studies with DPP-4 inhibitors showed dif-

ferent potency in glycaemic controls depending on various patient

characteristics including the severity of diabetes and the use of

other antidiabetic drug.1,3,10,12–14 Consequently, it would be clini-

cally important to identify the most appropriate candidate for this

combination therapy. However, there has been little knowledge

about the predictive factors for therapeutic efficacy of initial com-

bination therapy with DPP-4 inhibitors and metformin.

In this study, we investigated the parameters that can predict the

therapeutic efficacy of combination of sitagliptin, a DPP-4 inhibi-

tor, and metformin in drug-naı̈ve type 2 diabetic patients.

Subjects and methods

Study subjects

We screened 174 patients with type 2 diabetes mellitus (DM) from

the diabetes clinic at Seoul National University Bundang Hospital,

Seongnam, Korea, from June to December 2009. Patients aged 20–

80 years with HbA1c of 7Æ0–10% and not on antidiabetic medica-

tions were eligible to participate. We excluded those with type 1

diabetes, gestational diabetes, or diabetes with secondary causes,

significant renal impairment (estimated creatinine clearance

<60 ml/min), or elevated (more than twofold the upper limit of

normal) alanine aminotransferase or aspartate aminotransferase.

Patients with acute or chronic diseases and who were on medica-

tions known to affect glycaemic control were also excluded. Eligible

patients (n = 150) received sitagliptin 100 mg once daily and met-

formin 500 mg twice a day for 52 weeks and were followed up at

weeks 12, 24, 36, and 52 for efficacy and safety assessments

(Fig. S1). Compliance with medication was assessed by pill count

at every visit. Of those enrolled, 136 patients (90Æ7%) completed

the 52-week treatment. The protocol was reviewed and approved

by the institutional review board of Seoul National University

Bundang Hospital (No. B-0909/083-008) and performed in accor-

dance with the Declaration of Helsinki. All patients gave written

informed consent. This study was performed under the registration

to the ClinicalTrial.gov (NCT00969566).

Measurement of anthropometric and biochemical

parameters

Height and body weight were measured to the nearest 0Æ1 cm and

0Æ1 kg, respectively. Body mass index (BMI) was calculated as

weight divided by height squared (kg/m2). Waist circumference was

measured at the narrowest point between the lower limit of the rib-

cage and the iliac crest, to the nearest 0Æ1 cm. Blood pressure was

recorded three times between 07:00 and 09:00 h, after the subjects

had been in a relaxed state for at least 10 min and a 5-min resting

period was given between each measurement. Family history of dia-

betes was also obtained. After 14 h of overnight fast, venous blood

samples were drawn from the antecubital vein between 07:00 and

09:00 h. Plasma was separated by centrifugation (1006 g,

20 min, 4 �C), and biochemical measurements were conducted

immediately. For the evaluation of glucose metabolism, plasma

glucose, insulin, C-peptide, and glucagon levels were measured at

fasting status; 75-g oral glucose tolerance test (OGTT) was carried

out, and fasting and postload 30- and 120-min glucose levels were

measured. Plasma glucose levels were measured by Hitachi 747

chemistry analyser (Hitachi, Tokyo, Japan), and plasma insulin,

C-peptide, and glucagon concentrations were measured by radio-

immunoassay (Linco, St. Louis, MO, USA). HbA1c was measured

by immunoturbidimetric assay with a Cobra Integra 800 automatic

analyser (Roche Diagnostics, Basel, Switzerland). The fasting

plasma concentrations of total cholesterol, triglyceride, and high-

density lipoprotein (HDL) and low-density lipoprotein (LDL) cho-

lesterol were measured using the Hitachi 747 chemistry analyser.

Serum high-sensitivity CRP (hsCRP) levels were measured by high-

sensitivity automated immunoturbidimetric method (Denka Sei-

ken CRP II Latex X2, Tokyo, Japan). Urinary albumin levels were

measured by turbitimer assay (A&T 502X; A&T, Tokyo, Japan), and

urine creatinine levels were measured by the Jaffe method (Hitachi

7170; Hitachi) to calculate spot urine albumin-to-creatinine ratio.

Measurement of pancreatic b-cell function and insulin

resistance

Pancreatic b-cell function and insulin resistance were calculated

using the homoeostasis model assessment (HOMA) and insulino-

genic index (IGI).15,16 The IGI, as an estimate of early insulin secre-

tion, was calculated by dividing the increment in insulin during the

first 30 min by the increment in glucose over the same period [30–

0 min insulin (pm)/30–0 min glucose (mm)]. Area under the curve

for glucose, insulin, and C-peptide (AUCglucose, AUCinsulin, and

AUCC-peptide) was calculated by a trapezoidal method.

Efficacy

Changes in HbA1c from baseline to 24 and 52 weeks were mea-

sured for primary efficacy of initial combination with sitagliptin

and metformin in this study. Changes in fasting plasma glucose

(FPG), insulin, C-peptide, glucagon, postload 2-h glucose (2-h

PG), homoeostasis model assessment-insulin resistance (HOMA-

IR), homoeostasis model assessment b-cell function (HOMA-B),

IGI, lipids profiles, hsCRP, urine albumin-to-creatinine ratio, BMI,

and WC at weeks 24 and 52 from baseline were also evaluated.

Predictors for response to combination of sitagliptin and

metformin

To assess the predictive parameters for therapeutic efficacy of initial

combination with sitagliptin and metformin, correlation analysis

between changes in HbA1c and various related parameters was per-

formed. Multiple regression analyses with age, sex, BMI, blood

pressure, lipid profiles, kidney function, hsCRP, and various mark-

ers for pancreatic beta-cell function or insulin resistance were per-

formed with HbA1c change as the dependent variable.

Safety assessment

Data were collected on clinical and laboratory adverse experiences,

physical examinations, vital signs, and body weight throughout the
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52-week treatment period. Patients were educated to measure and

record their blood glucose concentration whenever they experi-

enced a hypoglycaemic symptom. Severe hypoglycaemia was

defined by blood glucose <2Æ8 mm (50 mg/dl) with hypoglycaemic

symptoms. Hypoglycaemia was defined by blood glucose <3Æ9 mm

(70 mg/dl) with or without hypoglycaemic symptoms. These

entries were transcribed in the adverse event form by the study

nurses. Patients were discontinued for the lack of efficacy based on

glycaemic control status: FPG >15Æ0 mm (270 mg/dl) or HbA1c

>10Æ0% at week 12 and FPG >13Æ3 mm (240 mg/dl) or HbA1c

>9Æ0% from week 24 to week 52. All adverse experiences were

assessed by investigators for their relationship to study drugs. Clin-

ical adverse experiences of interest included hypoglycaemia and

gastrointestinal adverse symptoms such as nausea, vomiting,

abdominal discomfort, and diarrhoea. Liver function and kidney

function were also monitored for the assessment of adverse effects.

Statistical analysis

All continuous variables with normal distributions were expressed

as means ± SD, and categorical data were expressed as percentages.

Paired t-test was used to compare the continuous variables between

pre- and post-treatment. Pearson’s correlation analysis was used to

determine the relationship between change in HbA1c and various

parameters. To assess the multicollinearity of the regression model,

we checked for the variance inflation factor. A variance inflation

factor >10 suggests an erroneous model and was not included in

the models. To evaluate the independent relationship between the

change in HbA1c and baseline glucose homoeostasis, we estab-

lished four separate multivariate regression models. First, we exam-

ined the adjusted effects of baseline C-peptide level on the change

in HbA1c adjusted for age, sex, BMI, blood pressure, HbA1c, trigly-

cerides, creatinine, hsCRP, glucagon, HOMA-IR, and duration of

diabetes (Model 1); model 2 was adjusted for HOMA-B instead of

C-peptide; model 3 was adjusted for IGI instead of C-peptide or

HOMA-B. In model 4, C-peptide, HOMA-B, and IGI were all

included. A level of P < 0Æ05 was considered statistically significant.

All analyses were performed using the spss 17.0 (SPSS Inc.,

Chicago, IL, USA).

Results

Baseline characteristics

Among 150 patients, 59Æ3% were men (n = 89) and 40Æ7% were

women (n = 61; Table 1). Mean age was 54Æ8 ± 12Æ5 years, and the

mean duration of diabetes was 6Æ1 ± 6Æ4 years. Mean BMI was

25Æ3 ± 3Æ4, which was comparable to data from large Asian

cohorts.17 Systolic and diastolic blood pressures were <140/

90 mmHg, and lipid profiles were within the acceptable range. On

average, patients in this study were moderately hyperglycaemic

[mean HbA1c = 8Æ7 ± 1Æ4%, FPG = 9Æ2 ± 3Æ0 mm (166Æ3 ± 54Æ8
mg/dl), and 2-h PG = 17Æ5 ± 5Æ1 mm (315Æ6 ± 92Æ4 mg/dl),

respectively, at baseline]. C-peptide levels were above 0Æ2 nm

(0Æ6 ng/ml) in all patients. After enrolment, 136 patients (90Æ7%)

completed the 52 weeks of treatment.

Effects of initial combination of sitagliptin and metformin

on glycaemic control and other metabolic and

anthropometric parameters

Initial combination therapy of sitagliptin and metformin signifi-

cantly reduced the HbA1c level by 1Æ6% (from 8Æ7 ± 1Æ4 to

7Æ1 ± 1Æ2, P < 0Æ01) at week 24% and 1Æ5% (from 8Æ7 ± 1Æ4 to

7Æ2 ± 1Æ3, P < 0Æ01) at week 52 (Table 1). Additional decrease in

HbA1c of 0Æ3% from week 12 to week 24 was also statistically sig-

nificant (P < 0Æ01), but from week 24 and thereafter, HbA1c levels

were stable (Fig. 1). FPG and 2-h PG were also significantly

decreased over 52 weeks (Table 1 and Fig. 1).

The combination therapy of sitagliptin and metformin has sig-

nificantly increased plasma insulin level, HOMA-B, and IGI, which

are the parameters of pancreatic b-cell secretory function but did

not change C-peptide level. Total cholesterol and triglyceride con-

centrations were also reduced significantly over 52 weeks. There

were no changes in BMI, waist circumference, and blood pressures

(Table 1).

Correlation between reduction in HbA1c over 52 weeks

and various parameters at baseline

Reduction in HbA1c positively correlated with FPG, 2-h PG,

AUCglucose, and HOMA-IR at baseline (Table S1). There were neg-

ative correlations between reduction in HbA1c and age, DM dura-

tion, creatinine levels, AUCC-peptide, HOMA-B, and IGI.

Reduction in HbA1c according to various parameters for

glucose homoeostasis

Reductions in HbA1c were evaluated according to the baseline

quartiles of C-peptide, IGI, HOMA-B, and HOMA-IR over the 52-

week treatment of sitagliptin and metformin combination (Fig. 2).

The magnitude of HbA1c reduction was greatest in the lowest

quartile group of IGI (vs other three quartiles, P < 0Æ01). A similar

trend was found in HOMA-B but not in C-peptide quartiles. There

was no difference in HbA1c reduction according to quartiles of

HOMA-IR.

Phenotype comparison between patients with greatest

and least response to combination treatment with

sitagliptin and metformin

Patients’ phenotype was compared according to the changes in

their HbA1c (DHbA1c) during the 52-week treatment with sitag-

liptin and metformin (Table 2). Patients in the highest quartile of

DHbA1c [median (range) = 3Æ3 (2Æ5–5Æ4)] were younger and had

diabetes for shorter duration, higher fasting and postload 2-h

glucose concentration, higher baseline HbA1c level, and lower

creatinine level than those in the lowest quartile of DHbA1c [0Æ3
(0Æ2–0Æ7)]. HOMA-B, IGI, and AUCC-peptide were lower, while

HOMA-IR and AUCglucose were higher in patients in the highest

quartile of DHbA1c compared with their counterpart in the lowest

quartile of DHbA1c.
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Predictive parameters for therapeutic efficacy of initial

combination therapy with sitagliptin and metformin

Multiple regression analyses were performed for the reduction in

HbA1c for the 52-week treatment of sitagliptin and metformin

combination (Table 3). Age, sex, BMI, family history of DM, sys-

tolic blood pressure, triglycerides, creatinine, hsCRP, glucagon,

duration of DM, HOMA-IR, and C-peptide were used as indepen-

dent variables in model 1. Instead of C-peptide, HOMA-B and IGI

were included in model 2 and model 3, respectively. C-peptide,

HOMA-B, and IGI were all included in model 4.

In model 1, high baseline HbA1c level was a significant indepen-

dent predictor for a reduction in HbA1c by initial combination

therapy with sitagliptin and metformin, although C-peptide level

had a borderline significance. In model 2, high baseline HbA1c, low

HOMA-B, and short duration of DM were independent predictors.

In model 3, high baseline HbA1c, low IGI, and short duration of

DM were found to be independent predictors for a reduction in

HbA1c by combined therapy with sitagliptin and metformin.

When C-peptide, HOMA-B, and IGI were all included in the multi-

variate regression model (model 4), the significance of high

baseline HbA1c, low IGI, and short duration of DM were main-

tained as independent predictors.

Safety and tolerability

The incidence of adverse experience was modest (Table S2). All

adverse experiences and drug-related adverse experiences were

21Æ3% and 9Æ3% in the coadministration of sitagliptin with metfor-

min, respectively. Serious adverse experiences were found in two

patients, and one drug-related serious adverse experience was

reported (severe abdominal pain). Ten patients (6Æ7%) discontin-

ued therapy because of adverse experiences. There were no episodes

of severe hypoglycaemia in all patients. The proportion of patients

reporting gastrointestinal adverse experiences was 10Æ7% (n = 16).

Discussion

In this study, initial combination treatment of sitagliptin and met-

formin was assessed for therapeutic efficacy in drug-naı̈ve patients

with type 2 diabetes. After 52 weeks of follow-up, the mean HbA1c

level decreased significantly. Reduction in HbA1c was significantly

Table 1. Changes in anthropometric and biochemical parameters for 52-week treatment of sitagliptin and metformin combination in drug-naı̈ve patients

with type 2 diabetes

Baseline 24 weeks 52 weeks

Body mass index (kg/m2) 25Æ3 ± 3Æ4 25Æ2 ± 3Æ4 25Æ1 ± 3Æ2
Waist circumference (cm) 89Æ1 ± 8Æ5 89Æ4 ± 8Æ1 89Æ0 ± 10Æ1
Systolic blood pressure (mmHg) 126Æ0 ± 15Æ8 130Æ8 ± 16Æ4 128Æ5 ± 12Æ4
Diastolic blood pressure (mmHg) 78Æ3 ± 11Æ5 79Æ3 ± 11Æ1 78Æ9 ± 9Æ8
Fasting plasma glucose (mm) 9Æ2 ± 3Æ0 7Æ5 ± 2Æ0* 7Æ2 ± 1Æ8*

Postload 30-m glucose (mm) 15Æ2 ± 3Æ9 12Æ1 ± 3Æ4* 12Æ3 ± 2Æ0*

Postload 2-h glucose (mm) 17Æ5 ± 5Æ1 11Æ9 ± 4Æ5* 10Æ9 ± 3Æ6*

HbA1c (%) 8Æ7 ± 1Æ4 7Æ1 ± 1Æ2* 7Æ2 ± 1Æ3*

Fasting insulin (pm) 81Æ3 ± 34Æ0 97Æ2 ± 43Æ1* 91Æ7 ± 37Æ5*

Postload 30-m insulin (pm) 148Æ6 ± 12Æ5 290Æ3 ± 38Æ2* 271Æ5 ± 72Æ9*

Postload 2-h insulin (pm) 232Æ7 ± 29Æ9 423Æ0 ± 74Æ3* 341Æ0 ± 107Æ6*

Fasting C-peptide (ng/ml) 2Æ2 ± 1Æ1 2Æ0 ± 0Æ9 1Æ9 ± 1Æ0
Postload 30-m C-peptide (ng/ml) 2Æ9 ± 0Æ2 3Æ8 ± 0Æ3* 3Æ3 ± 0Æ6*

Postload 2-h C-peptide (ng/ml) 5Æ0 ± 0Æ3 6Æ7 ± 0Æ6* 5Æ6 ± 0Æ9*

Fasting glucagon (pg/ml) 56Æ2 ± 17Æ1 51Æ1 ± 13Æ5 49Æ2 ± 11Æ8
Total cholesterol (mm) 4Æ9 ± 1Æ0 4Æ6 ± 0Æ9* 4Æ7 ± 1Æ1*

Triglycerides (mm) 1Æ9 ± 1Æ3 1Æ6 ± 1Æ0* 1Æ6 ± 0Æ9*

HDL cholesterol (mm) 1Æ3 ± 0Æ3 1Æ2 ± 0Æ3 1Æ2 ± 0Æ3
LDL cholesterol (mm) 2Æ9 ± 0Æ9 2Æ5 ± 0Æ8* 2Æ6 ± 0Æ7*

AST (IU/l) 23Æ6 ± 10Æ2 23Æ8 ± 12Æ9 22Æ9 ± 9Æ3
ALT (IU/l) 31Æ2 ± 22Æ4 29Æ2 ± 22Æ9 27Æ5 ± 18Æ4
Creatinine (lm) 76Æ3 ± 15Æ3 68Æ6 ± 15Æ3 68Æ6 ± 15Æ3
hsCRP (mg/l) 0Æ16 ± 0Æ27 0Æ15 ± 0Æ48 0Æ13 ± 0Æ31

Urine albumin-to-creatinine (mg/g) 32Æ8 ± 71Æ2 15Æ0 ± 16Æ7 17Æ6 ± 12Æ5
HOMA-B 50Æ3 ± 33Æ5 81Æ5 ± 51Æ1* 75Æ1 ± 32Æ8*

HOMA-IR 4Æ9 ± 2Æ6 4Æ7 ± 2Æ6 4Æ5 ± 2Æ2
Insulinogenic index 11Æ3 ± 1Æ3 41Æ3 ± 7Æ5* 35Æ0 ± 6Æ3*

AUCglucose 31Æ6 ± 7Æ4 22Æ8 ± 7Æ2* 21Æ3 ± 5Æ7*

AUCinsulin 345Æ2 ± 278Æ5 627Æ1 ± 386Æ1* 544Æ5 ± 226Æ4*

AUCC-peptide 7Æ2 ± 2Æ9 9Æ3 ± 3Æ4* 8Æ4 ± 2Æ9*

HOMA-IR and HOMA-B, homoeostasis model assessment for insulin resistance and beta-cell function; AUC, area under the curve; ALT, alanine aminotrans-

ferase; AST, aspartate aminotransferase; hsCRP, high-sensitivity CRP. *P < 0Æ05 vs baseline.
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greater in the lowest quartile of IGI or HOMA-B group than other

quartiles (P < 0Æ01). In multiple regression analysis, reduction in

HbA1c was significantly associated with high baseline HbA1c level,

low IGI at baseline, and short duration of DM after adjusting for

various parameters including HOMA-IR.

The initial combination of sitagliptin and metformin produced

clinically meaningful reductions in HbA1c, FPG, and 2-h PG. After

a substantial reduction in HbA1c (1Æ3%) at 12 weeks, HbA1c level

continued to decrease modestly but significantly at 24 and

52 weeks (1Æ6% and 1Æ5%, respectively, both P < 0Æ05). There were

greater reductions in 2-h PG compared with FPG at 24 and

52 weeks, which was indicative of pharmacologic property of DPP-

4 inhibitors. Previous randomized controlled studies showed that

the initial combination of sitagliptin (100 mg/day) and metformin

(1000 mg/day) reduced HbA1c more significantly than metformin

or sitagliptin monotherapy during 24–54 weeks of treatment (1Æ4–

1Æ6% vs 0Æ8% or 1Æ0%, respectively).10 Although there was no com-

parator group in our study, our results of combination treatment

efficacy were comparable with these studies.

Among various factors assessed in our study, high baseline

HbA1c level was significantly associated with greater reduction in

HbA1c with sitagliptin and metformin treatment, which is consis-

tent with previous data suggesting greater glucose-lowering effect

of oral antidiabetic medications in patients with higher baseline

HbA1c level.18 Besides baseline HbA1c level, the low IGI was a sig-

nificant predictor of better treatment response in the multiple

regression analyses including baseline HbA1c and various estimates

of pancreatic b-cell function or insulin resistance. This result sug-

gests that low IGI remains as an independent predictor for achiev-

ing better glycaemic control by initial combination treatment of

sitagliptin and metformin regardless of baseline HbA1c levels.

Many studies have proven that IGI is temporarily suppressed by

high glucose condition16 and the reduced IGI is reversed by glucose

lowering by antidiabetic medications or lifestyle modification.19,20

In addition, reactive oxygen species (ROS) and endoplasmic reticu-

lum stress are generated during acute hyperglycaemia,21,22 and

these may play a role in suppressing pancreatic b-cell function and

subsequent reduction in IGI.23 This process can also be attenuated

by appropriate use of antidiabetic agents.24 Thus, the low IGI in the

early phase of type 2 diabetes may indicate the reversible potential

of pancreatic b-cell dysfunction.

Alternatively, reduced IGI and short duration of DM may indi-

cate the status of suppressed incretin receptor expression by high

glucose concentration. Under this condition, it is possible that the

use of metformin may have reversed the reduced expression of

incretin receptor. A recent animal study has demonstrated that

metformin enhances the expression of the genes encoding the

receptors for both GLP-1 and GIP in mouse islets and also increases

the effects of GLP-1 and GIP on insulin secretion from pancreatic

b-cells.25 As incretin receptor recovers, sitagliptin can enhance the

incretin effect and induce glucose lowering more effectively.26 In

fact, the HbA1c level was most reduced by 3Æ6% in those with the

lowest quartile group of IGI and shorter duration of DM, defined

as <1 year. These findings support the rationale for the combined

use of DPP 4 inhibitors and metformin in the early period of type 2

diabetes.

In this study, HOMA index or IGI was used to evaluate the pan-

creatic b-cell function. The HOMA model has a physiological basis

of hepatic and peripheral glucose efflux and uptake and has been

validated against a variety of physiological methods.27–29 The IGI is

a more dynamic estimate of the first-phase insulin secretion, which

is calculated from the OGTT.16 IGI has also been validated in many

studies ranging from healthy subjects to diverse phenotypes such as

impaired glucose homoeostasis, obesity, and chronic renal fail-

ure.30–36 However, HOMA index or IGI can only provide an esti-

mate, and not a precise measurement of pancreatic b-cell function,

which requires appropriate use and cautious interpretation.

Fig. 1 Changes in HbA1c, fasting plasma and postprandial 2-h glucose

(2-h PG) over 52-week treatment of sitagliptin and metformin combination

(*P < 0Æ05 vs baseline).
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Interestingly, there has been a debate on the role of metformin in

inhibiting DPP-4 activity. DPP-4 activity in the circulation has been

reported to be reduced in rodents and humans treated with metfor-

min.37,38 However, in vitro studies have shown that metformin does

not directly inhibit DPP-4 activity.7,8,37 Maida et al.25 also found

that metformin at doses exhibiting GLP-1-increasing effects exerted

no effects on plasma DPP-4 levels. Accordingly, it is unlikely that

the elevated GLP-1 levels after the metformin treatment can be

explained by the decreased DPP-4 activity. Taken together, the abil-

ity of metformin to increase GLP-1 levels independent of DPP-4

activity suggests that there may be a direct benefit in terms of incre-

tin action when metformin is combined with DPP-4 inhibitors.

In this study, there was a 1Æ0% reduction in HbA1c in the highest

quartile of IGI. Higher IGI implies that patients in this group have

less b-cell dysfunction and relatively more insulin resistance, and

therefore, improvements in HbA1c in this group can be explained

by either the metformin effect or the glucagon-lowering effect of

sitagliptin.

In terms of body weight and waist circumference, there were no

changes in these parameters during the 52 weeks of combination

treatment. This result is consistent with previous findings showing

that metformin or sitagliptin treatment has neutral or small reduc-

tions in obesity indices.1,3,39

The combination treatment was generally well tolerated in this

study. There were 9Æ3% drug-related adverse events such as gastro-

intestinal adverse experiences, which were most likely due to met-

formin treatment. Despite marked improvements in glycaemic

control, there were no cases of severe hypoglycaemia in this study.

There are several strengths to our study. First, dynamic data

such as OGTT were obtained and analysed for pancreatic b-cell

Fig. 2 Changes in HbA1c according to quartiles of baseline C-peptide, insulinogenic index, homoeostasis model assessment b-cell function, and

homoeostasis model assessment-insulin resistance over 52-week treatment of sitagliptin and metformin combination.
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function and insulin resistance. Second, over 90% of study sub-

jects have completed the 52-week treatment regimen. Third, mul-

tiple parameters were adjusted in the multivariate regression

analysis.

There are also many limitations in this study. First, although the

current study aimed to assess the predictive parameters for thera-

peutic efficacy of initial combination therapy rather than its supe-

rior efficacy over other interventions, the absence of a control group

Table 2. Phenotype comparison between patients with greatest and least response to combination treatment with sitagliptin and metformin*

Lowest quartile of DHbA1c

[0Æ3 (0Æ2–0Æ7)]†

Highest quartile of DHbA1c

[3Æ3 (2Æ5–5Æ4)]†

PMean SD Mean SD

Age (years) 56Æ7 13Æ8 49Æ4 10Æ4 0Æ019

Body mass index (kg/m2) 24Æ9 3Æ6 25Æ8 3Æ9 0Æ264

Duration of DM (years) 3Æ4 4Æ2 1Æ1 2Æ3 0Æ008

Systolic blood pressure (mmHg) 127Æ9 15Æ0 128Æ8 16Æ6 0Æ812

Fasting plasma glucose (mm) 8Æ0 1Æ7 11Æ4 3Æ8 <0Æ001

Postload 2-h glucose (mm) 14Æ4 4Æ4 20Æ9 5Æ0 <0Æ001

HbA1c (%) 8Æ2 0Æ8 9Æ2 1Æ2 <0Æ001

Fasting insulin (pm) 81Æ3 38Æ2 84Æ0 41Æ0 0Æ792

Fasting C-peptide (ng/ml) 2Æ3 1Æ1 2Æ0 0Æ9 0Æ184

Fasting glucagon (pg/ml) 50Æ1 18Æ2 52Æ0 17Æ0 0Æ679

Triglycerides (mm) 1Æ8 1Æ1 1Æ9 1Æ5 0Æ684

ALT (IU/l) 29Æ8 24Æ2 30Æ4 20Æ7 0Æ917

Creatinine (lm) 77Æ8 13Æ7 70Æ2 16Æ8 0Æ033

hsCRP (mg/l) 0Æ05 0Æ06 0Æ20 0Æ38 0Æ169

Urine albumin-to-creatinine (mg/g) 25Æ6 28Æ6 15Æ6 27Æ2 0Æ280

HOMA-B 58Æ8 35Æ4 37Æ5 24Æ6 0Æ008

HOMA-IR 4Æ2 2Æ4 6Æ1 3Æ4 0Æ011

Insulinogenic index 22Æ3 10Æ5 7Æ8 12Æ4 0Æ002

AUCglucose 28Æ2 6Æ6 33Æ9 8Æ3 0Æ080

AUCinsulin 341Æ7 125Æ0 285Æ4 195Æ2 0Æ925

AUCC-peptide 8Æ0 3Æ1 5Æ9 2Æ5 0Æ077

*Lowest and highest quartile of DHbA1c was used for low responders and high responders, respectively.

†Median [range].

ALT, alanine aminotransferase; AUC, area under the curve; DM, diabetes mellitus; HOMA-B, homoeostasis model assessment b-cell function; HOMA-IR,

homoeostasis model assessment-insulin resistance; hsCRP, high-sensitivity CRP.

Table 3. Multiple regression analysis for changes in HbA1c for 52-week treatment of sitagliptin and metformin combination

Model 1 Model 2 Model 3 Model 4

b P b P b P b P

Age (years) 0Æ130 0Æ614 0Æ036 0Æ835 0Æ071 0Æ672 0Æ002 0Æ991

Sex (1 = male, 2 = female) 0Æ241 0Æ418 0Æ014 0Æ941 0Æ032 0Æ858 0Æ314 0Æ238

BMI (kg/m2) )0Æ122 0Æ682 )0Æ057 0Æ731 )0Æ153 0Æ425 )0Æ090 0Æ710

SBP (mmHg) 0Æ154 0Æ434 0Æ159 0Æ279 0Æ231 0Æ109 0Æ297 0Æ185

HbA1c (%) 0Æ684 <0Æ001 0Æ651 <0Æ001 0Æ515 0Æ001 0Æ497 0Æ002

Triglyceride (mm) 0Æ332 0Æ160 0Æ140 0Æ357 0Æ435 0Æ061 0Æ451 0Æ053

Creatinine (lm) )0Æ222 0Æ464 )0Æ088 0Æ669 )0Æ010 0Æ960 )0Æ172 0Æ534

hsCRP (mg/l) 0Æ154 0Æ454 0Æ130 0Æ333 0Æ065 0Æ619 0Æ186 0Æ270

Glucagon (pg/ml) )0Æ232 0Æ136 )0Æ296 0Æ120 )0Æ293 0Æ051 )0Æ333 0Æ134

Duration of DM (years) )0Æ329 0Æ170 )0Æ399 0Æ024 )0Æ462 0Æ018 )0Æ521 0Æ010

HOMA-IR 0Æ366 0Æ197 0Æ307 0Æ145 0Æ401 0Æ109 0Æ340 0Æ132

C-peptide (ng/ml) )0Æ417 0Æ086 – – – – )0Æ039 0Æ858

HOMA-B – – )0Æ394 0Æ006 – – )0Æ204 0Æ311

Insulinogenic index – – – – )0Æ426 0Æ004 )0Æ382 0Æ008

SBP, systolic blood pressure; DM, diabetes mellitus; HOMA-B, homoeostasis model assessment b-cell function; HOMA-IR, homoeostasis model assessment-

insulin resistance; hsCRP, high-sensitivity CRP.
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and the lack of randomization and blinding may have introduced

bias in selecting subjects and evaluating study results. Second, the

gold standard technique that evaluates pancreatic b-cell function

and insulin resistance, such as a clamp study, was not used. Third,

the 52-week study duration may not be long enough to assess long-

term results. Lastly, information on duration of DM was obtained

from patients’ response and not confirmed by their medical records.

In summary, initial combination therapy with sitagliptin and

metformin provided a substantial glycaemic improvement possibly

owing to synergistic effects in drug-naı̈ve patients with type 2 dia-

betes. Low IGI and short duration of DM as well as high baseline

HbA1c level were significant predictors for greater treatment

response. This result suggests that sitagliptin and metformin coad-

ministration can be most effective in glucose lowering when given

to drug-naı̈ve patients with low b-cell function during the early

stage of DM.
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