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ABSTRACT

Objective: To assess the 54-week efficacy and safety of initial

combination therapy with sitagliptin and metformin in patients
with type 2 diabetes and inadequate glycemic control (HbA1c

7.5–11%) on diet and exercise.
Methods and materials: This was multinational study con-

ducted at 140 clinical sites in 18 countries. Following an initial
24-week, double-blind, placebo-controlled period, patients

entered a double-blind continuation period for an additional 30
weeks. Following the week 24 evaluation, patients remained on

their previously assigned active, oral treatments: sitagliptin
50 mg b.i.d.þmetformin 1000 mg b.i.d. (S100þM2000),

sitagliptin 50 mg b.i.d.þmetformin 500 mg b.i.d.
(S100þM1000), metformin 1000 mg b.i.d. (M2000), metformin

500 mg b.i.d. (M1000), and sitagliptin 100 mg q.d. (S100).
Patients initially randomized to placebo were switched to M2000

(designated PBO/M2000) at week 24. This report summarizes
the overall safety and tolerability data for the 54-week study and

presents efficacy results for patients randomized to continuous
treatments who entered the 30-week continuation period.

Results: Of the 1091 randomized patients, 906 completed the
24-week placebo-controlled phase and 885 patients continued

into the 30-week continuation period (S100þM2000 n¼ 161,
S100þM1000 n¼ 160, M2000 n¼ 153, M1000 n¼ 147, S100

n¼ 141, PBO/M2000 n¼ 123). At baseline, patients included in
the efficacy analysis had mean age of 54 years, mean BMI of

32 kg/m2, mean HbA1c of 8.7% (8.5–8.8% across groups), and
mean duration of type 2 diabetes of 4 years. At week 54, in the

all-patients-treated analysis of continuing patients, least-
squares (LS) mean changes in HbA1c from baseline were�1.8%

(S100þM2000), �1.4% (S100þM1000), �1.3% (M2000),

�1.0% (M1000), and �0.8% (S100). The proportions of

continuing patients with an HbA1c57% at week 54 were 67%

(S100þM2000), 48% (S100þM1000), 44% (M2000), 25%
(M1000), and 23% (S100). For the patients completing treat-

ment through week 54, LS mean changes in HbA1c from
baseline were �1.9% (S100þM2000), �1.7%

(S100þM1000), �1.6% (M2000), �1.2% (M1000), and
�1.4% (S100). Glycemic response was generally durable over

time across treatments. All treatments improved measures of
�-cell function (e.g., HOMA-�, proinsulin/insulin ratio). Mean

body weight decreased from baseline in the combination and
metformin monotherapy groups and was unchanged from

baseline in the sitagliptin monotherapy group. The incidence of
hypoglycemia was low (1–3%) across treatment groups. The

incidence of gastrointestinal adverse experiences with the
co-administration of sitagliptin and metformin was similar to

that observed with metformin alone.
Limitations: The patient population evaluated in the 54-week

efficacy analysis was a population of patients who entered the
continuation period without receiving glycemic rescue therapy in

the 24-week placebo-controlled period. Because the baseline
HbA1c inclusion criteria ranged from 7.5 to 11% and the glycemic

rescue criterion was an HbA1c48% after week 24, there was a
greater likelihood of glycemic rescue in the monotherapy groups;

this led to more missing data in the continuation all-patients-
treated population(CAPT) analysis and fewer patients contribut-

ing to the completers analysis in the monotherapy groups.
Conclusions: In this study, initial treatment with sitagliptin,

metformin, or the combination therapy of sitagliptin and met-
formin provided substantial and durable glycemic control,

improved markers of �-cell function, and was generally well-

tolerated over 54 weeks in patients with type 2 diabetes.
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Introduction

Patients treated with a single antihyperglycemic agent

(AHA) often fail to reach glycemic goals or, once

achieved, do not maintain these goals long term1,2.

Recent treatment recommendations from the

Canadian Diabetes Association include initiation of

combination therapies for the treatment of patients

with marked hyperglycemia3. Furthermore, durability

of treatment effect is not the same among the AHAs. In

a large clinical trial, treatment with either rosiglitazone

or metformin demonstrated greater durability com-

pared with the sulfonylurea glyburide over 4 years1.

Because type 2 diabetes is a progressive disease and

treatment requires prolonged lifestyle and/or pharma-

cologic management, the long-term efficacy, durability,

and safety of newer AHAs are important

considerations.

Sitagliptin, a dipeptidyl peptidase-4 inhibitor

(DPP-4), is a newer treatment for type 2 diabetes that

was shown to be efficacious as monotherapy and as add-

on therapy in studies ranging from 12 to 52 weeks4–13. In

a pooled safety analysis in 6139 patients treated for up to

2 years, treatment with sitagliptin was well-tolerated

compared with non-sitagliptin treatment14. In patients

with type 2 diabetes over 24 weeks, initial combination

therapy with sitagliptin and metformin was shown to

provide substantial and additive glycemic improve-

ments and was generally well-tolerated relative to pla-

cebo15. Further, the gastrointestinal tolerability profile

of the initial combination of sitagliptin and metformin

was similar to that of metformin monotherapy. The

objectives of the present study were to evaluate the

longer-term efficacy and safety of this initial combina-

tion therapy over 54 weeks in patients with type 2 dia-

betes. The aforementioned 24-week study15 was

continued for an additional 30 weeks to provide the

results for the 54-week study period.

Methods

This was a 54-week, multinational, randomized,

double-blind, parallel-group study (Clinicaltrials.gov:

NCT00103857) consisting of a 24-week placebo-

controlled period (phase A15) and a 30-week continua-

tion period (continuation phase). This study was

conducted at 140 clinical sites in 18 countries (see

Appendix in Goldstein et al.15 for a list of countries

and study investigators). Patients provided written

informed consent to participate in this 54-week trial.

The protocol was reviewed and approved by the appro-

priate committees and authorities and performed in

accordance with the Declaration of Helsinki.

The design, inclusion and exclusion criteria, and pri-

mary results were previously published for the 24-week

placebo-controlled portion of this study15. Briefly,

patients with type 2 diabetes (18–78 years of age)

who were on or not on an oral AHA at the screening

visit were eligible to participate. After a screening diet/

exercise run-in period (including a drug wash-off

period for those on oral AHAs at screening) of 6–10

weeks (or 8–12 weeks for those on thiazolidinediones),

patients with HbA1c� 7.5% to �11.0% entered a

2-week, single-blind, placebo run-in period. All

patients with adequate compliance (�75% as assessed

by tablet counts) during the placebo run-in period had

baseline assessments and were randomized to one of six

oral treatments for 24 weeks using a computer-gener-

ated allocation schedule: placebo (n¼ 176), sitagliptin

100 mg q.d. (n¼ 179), metformin 500 mg b.i.d.

(n¼ 182), metformin 1000 mg b.i.d. (n¼ 182), sita-

gliptin 50 mg b.i.d. þ metformin 500 mg b.i.d. (low

dose; n¼ 190), and sitagliptin 50 mg b.i.d. þ metfor-

min 1000 mg b.i.d. (high dose; n¼ 182). All patients

received the same number of active or placebo-

matched tablets throughout the study. At week 24,

patients initially randomized to placebo were switched,

in a double-blind manner, to metformin 1000 mg b.i.d.

for 30 weeks, with gradual up-titration of 500 mg/week

over the initial 4 weeks. All other patients continued on

their prior study medication for an additional 30 weeks.

Compliance was assessed by tablets counts throughout

the study.

Patients not meeting progressively stricter glycemic

goals were provided open-label rescue therapy with

glyburide (glibenclamide) as previously described15.

Throughout the 30-week continuation phase, the cri-

terion for initiation of glycemic rescue therapy was an

HbA1c value of48.0%.

Efficacy endpoints

The endpoints included change from baseline (i.e.,

change from randomization) at week 54 for HbA1c,

fasting plasma glucose (FPG), 2-hour postprandial glu-

cose (PPG), fasting serum insulin, fasting serum proin-

sulin, proinsulin/insulin ratio, homeostasis model

assessment �-cell function (HOMA-�), and HOMA-

insulin resistance (HOMA-IR), fasting lipids (total cho-

lesterol [TC], high-density lipoprotein cholesterol

[HDL-C], low-density lipoprotein cholesterol

[LDL-C], non-HDL-C, and triglycerides), and body

weight. The proportion of continuing patients with an

HbA1c57% at week 54 was calculated, as was the pro-

portion patients who had an HbA1c57% at both week

24 and week 54.

A standard meal-tolerance test was administered at

baseline (prior to first dose of study medication) and

570 54-week efficacy and safety of sitagliptin/metformin � 2009 Informa UK Ltd - Curr Med Res Opin 2009; 25(3)

C
ur

r 
M

ed
 R

es
 O

pi
n 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
Su

ss
ex

 L
ib

ra
ry

 o
n 

10
/1

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



at week 54. Patients took study medication 30 minutes

prior to the standard meal, which was ingested within

15 minutes and consisted of one nutrition bar and one

nutrition drink (�460 kcal; 75 g carbohydrate, 9 g fat,

18 g protein). Blood was collected at 0, 60, and 120

minutes from the meal start. Plasma glucose, serum

insulin, and serum C-peptide were measured and

used to determine 2-hour PPG, area under the glucose

concentration–time curve (AUC), insulin AUC,

C-peptide AUC, and the insulin AUC/glucose AUC

ratio.

Safety endpoints

Data were collected on clinical and laboratory adverse

experiences, physical examinations, vital signs, and

electrocardiograms (ECGs) throughout the study. All

clinical adverse experiences were rated by investigators

for intensity and relationship to study drug. Laboratory

evaluations included complete blood chemistry, hema-

tology, and urinalysis. Clinical adverse experiences of

interest included hypoglycemia and prespecified,

select, gastrointestinal adverse experiences (abdominal

pain, nausea, vomiting, and diarrhea).

Patients were counseled regarding the symptoms of

hypoglycemia (e.g., weakness, dizziness, shakiness,

increased sweating, palpitations, or confusion) and

received instruction on blood glucose monitoring and

treating symptoms of hypoglycemia. If any symptoms

occurred that may have been related to hypoglycemia,

patients were requested to immediately perform a fin-

gerstick glucose measurement, but to avoid delay in

treating these symptoms. To assist the investigator in

assessing the severity of an event, patients were pro-

vided with, and instructed in the use of, a hypoglycemia

assessment log to document potential hypoglycemia

episodes and collect information on the severity of

the events (such as the requirement for the assistance

of another person or medical treatment). Symptomatic

events assessed by the investigator as hypoglycemia

were reported as clinical adverse experiences of hypo-

glycemia; documentation of a glucose determination at

the time the patient had symptoms was not required.

Events of hypoglycemia were analyzed as follows: those

not requiring assistance; those requiring the (non-

medical) assistance of others; and those requiring

medical intervention or exhibiting markedly depressed

level of consciousness, including loss of consciousness,

or seizure.

Laboratory measurements and ECGs were analyzed

at central laboratories (PPD Global Central Labs, LLC,

Highland Heights, KY, and Zaventem, Belgium; and

Covance Central Diagnostics, Inc., Reno, NV, respec-

tively) by technicians blinded to treatment group as

previously described10.

Statistical analyses

The primary efficacy analysis was based on the conti-

nuation all-patients-treated population (CAPT), which

consisted of all randomized patients who had a baseline

measurement, did not receive glycemic rescue therapy

in phase A, received at least one dose of study medica-

tion in the continuation phase, and had at least one

efficacy measurement during the continuation phase.

Results for patients randomized to receive active ther-

apy throughout this 54-week study are the focus of this

article. To avoid the confounding influence of glycemic

rescue therapy on efficacy comparisons, data collected

after initiation of rescue therapy were treated as miss-

ing. An analysis of covariance (ANCOVA) model

evaluated treatment groups for continuous efficacy

parameters, focusing on change from baseline at week

54, with baseline values and prior oral AHA status as

covariates. Missing data were handled with the last

observation-carried-forward (LOCF) method within

the continuation phase, but not from phase A to the

continuation phase. Additional efficacy analyses were

performed on a population that consisted of all

randomized patients who had baseline and week 54

glycemic measurements and did not require glycemic

rescue medication during the study (week 54 comple-

ters population) for select key endpoints: HbA1c, FPG

and 2-hour PPG. No missing data were imputed in the

week 54 completers analysis. The within-group differ-

ences (least-squares [LS] mean changes from baseline

at week 54) with 95% confidence intervals (CI) and

sample sizes were summarized for the efficacy end-

points for the patients who were continuously treated

with active therapy in phase A and the continuation

phase. No inferential testing was performed between

groups in the continuation phase.

Patients switched from placebo to metformin at week

24 do not represent the original randomized population

because they included only those who did not discon-

tinue during phase A (placebo-controlled period) and

who were able to complete the 24-week phase A period

without requiring glycemic rescue therapy. Further,

because the metformin in this switch group and the

continuous treatment in the other groups were not

initiated simultaneously at randomization, the dura-

tions of the active treatment period differed between

groups. Therefore, the results from the switch group

were not included in the efficacy analyses.

The safety analysis was based on the 54-week results

for the all-patients-as-treated (APaT) population,

which consisted of all randomized patients who

received at least one dose of study medication. The

primary safety analysis excluded adverse experiences

obtained after initiation of glycemic rescue therapy.

In addition to the results for the patients continuously

� 2009 Informa UK - Curr Med Res Opin 2009; 25(3) 54-week efficacy and safety of sitagliptin/metformin Williams-Herman et al. 571
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treated with active therapy over 54 weeks, results for

patients initially randomized to placebo for 24 weeks

and then switched to metformin 1000 mg b.i.d. for the

remaining 30 weeks were included in the safety

analysis.

Results

Of the 1091 patients who were randomized at baseline,

885 (81%) continued into the 30-week continuation

phase. A total of 788 (72%) patients completed all 54

weeks of treatment, representing similar proportions

(65–77%) of patients from each treatment group

(Table 1). The baseline characteristics by treatment

group for the randomized population were reported

previously15. In the present analysis, for the CAPT

population, the baseline demographics and efficacy

characteristics for the treatment groups were generally

well balanced, although the combination therapy

groups tended to have higher mean FPG values

(Table 2). Over the 54-week study with progressively

stricter glycemic rescue criteria, the proportion of

patients in the co-administration groups (28% [low

dose] and 15% [high dose]) requiring glycemic rescue

therapy was lower when compared with their respec-

tive monotherapy groups (44% on metformin 500 mg

b.i.d., 32% on metformin 1000 mg b.i.d., and 56% on

sitagliptin).

Efficacy

The efficacy results focus on the CAPT population,

which included 72% of patients treated with active

therapies in both phase A and the continuation phase

(range¼ 59–84% across active treatment groups). The

LS mean changes from baseline in HbA1c at week 54

were�1.8%,�1.4%,�1.3%,�1.0% and�0.8% for the

high-dose co-administration, low-dose co-administra-

tion, metformin 1000 mg b.i.d., metformin 500 mg

b.i.d., and sitagliptin groups, respectively (Table 3).

Continued improvement in the HbA1c response was

noted through week 24, with most groups showing a

nadir in HbA1c near week 30 (Figure 1A). Greater

reductions in HbA1c from baseline were observed in

patients with higher baseline HbA1c levels (Figure 2).

The proportions of patients with an HbA1c57%

at week 54 were 67%, 48%, 44%, 25%, and 23%

for the high-dose co-administration, low-dose

co-administration, metformin 1000 mg b.i.d., metfor-

min 500 mg b.i.d., and sitagliptin groups, respectively.

Among the patients in the CAPT population with an

HbA1c57% in the week 24 analysis, the proportions

with an HbA1c57% in the week 54 analysis were 86%

(n/N: 92/107), 80% (57/71), 77% (52/68), 55%

(21/38), and 68% (23/34) for the high-dose

co-administration, low-dose co-administration, metfor-

min 1000 mg b.i.d., metformin 500 mg b.i.d., and sita-

gliptin groups, respectively.

For the week 54 completers population, 51% of

patients treated with active therapies in both phase A

and the continuation phase (range¼32–68% of patients

across active-treatment groups) were included in this

analysis. Relative to the CAPT analysis, the completers

analysis showed larger LS mean HbA1c changes from

baseline for all groups at week 54 (�1.9% [95% CI:

�2.1, �1.8; n¼ 124] for high-dose co-administration,

�1.7% [�1.8, �1.5; n¼106] for low-dose co-adminis-

tration, �1.6% [�1.7, �1.4; n¼ 101] for metformin

1000 mg b.i.d.,�1.2% [�1.4,�1.1; n¼ 77] for metfor-

min 500 mg b.i.d., and �1.4% [�1.6, �1.2; n¼ 58] for

sitagliptin) (Figure 1B). The proportions of patients in

the completers population with an HbA1c57% at week

54 were 77%, 63%, 57%, 35%, and 41% for the high-

dose co-administration, low-dose co-administration,

metformin 1000 mg b.i.d., metformin 500 mg b.i.d.,

and sitagliptin groups, respectively.

In the CAPT population, FPG decreased relative to

baseline at week 54 in all groups, with larger reductions

observed in the co-administration groups compared

with their respective monotherapy groups (Table 3

and Figure 3). In the completers analysis, the LS

mean FPG changes from baseline were �59.4 mg/dL

(95% CI: �64.8, �53.9; n¼123) for high-dose co-

administration, �49.8 mg/dL (�55.7, �44.0; n¼ 109)

for low-dose co-administration, �43.8 mg/dL (�49.8,

�37.8; n¼ 100) for metformin 1000 mg b.i.d.,

�35.6 mg/dL (�42.5, �28.7; n¼ 77) for metformin

500 mg b.i.d., and �26.0 mg/dL (�34.0, �18.1;

n¼58) for sitagliptin.

Following a standard meal at week 54, 2-hour

PPG, total glucose AUC, and the ratio of insulin

AUC to glucose AUC were improved with all active

treatments relative to baseline in the CAPT population

(Table 4). The changes in these parameters with

co-administration were larger when compared with

the sitagliptin and respective metformin monotherapy

groups. Total insulin and C-peptide AUCs were

increased relative to baseline with sitagliptin at

week 54 (Table 4). In the completers analysis, the

LS mean 2-hour PPG changes from baseline were

�111.1 mg/dL (95% CI: �119.6, �102.5; n¼ 114)

for high-dose co-administration, �96.2 mg/dL

(�105.5, �86.9; n¼ 98) for low-dose co-administra-

tion, �82.3 mg/dL (�91.7, �72.9; n¼93) for metfor-

min 1000 mg b.i.d., �64.3 mg/dL (�75.0, �53.5;

n¼72) for metformin 500 mg b.i.d., and �66.2 mg/

dL (�78.6, �53.8; n¼ 54) for sitagliptin.

572 54-week efficacy and safety of sitagliptin/metformin � 2009 Informa UK Ltd - Curr Med Res Opin 2009; 25(3)
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Measures of �-cell function, the proinsulin/insulin

ratio and HOMA-�, were improved relative to baseline

at week 54 in all treatment groups, with larger

improvement observed in the co-administration

groups relative to their respective monotherapy

groups (Table 3). HOMA-IR was similarly reduced

relative to baseline in the co-administration groups

compared with their respective metformin monother-

apy group (Table 3).

Co-administration of sitagliptin and metformin gen-

erally showed small numeric improvements compared

with baseline and compared with one or both mono-

therapies for TC, LDL-C, non-HDL-C, and triglycer-

ides (Table 5). Changes from baseline in HDL-C were

similar between the co-administration group and its

respective metformin monotherapy group. Treatment

with sitagliptin 100 mg q.d. had a generally neutral

effect on lipids (Table 5). Similar within-group results

were observed in the 24-week placebo-controlled

period (Table 6).

After 54 weeks (CAPT population), body weight was

reduced relative to baseline in the co-administration

groups (low-dose group (n¼ 143): �0.7 kg [95% CI:

�1.3, �0.0]; high-dose group (n¼153): �1.7 kg

[�2.4, �1.1]) and in the metformin monotherapy

groups (500 mg b.i.d. group (n¼116): �1.0 kg [95%

CI: �1.7, �0.3]; 1000 mg b.i.d. group (n¼ 132):

�1.5 kg [�2.2,�0.8]). There was no change from base-

line for patients in the sitagliptin group (n¼ 100; 0.6 kg

[95% CI: �0.2, 1.4]).

Safety/tolerability

After 54 weeks of treatment, the incidences of

adverse experiences were generally similar in the

co-administration groups and their respective metfor-

min monotherapy groups (Table 7). Lower incidences

were observed in the sitagliptin and placebo/metformin

groups relative to the other groups (Table 7). The inci-

dences of drug-related adverse experiences were gener-

ally similar between the co-administration and the

metformin monotherapy groups, with the lowest inci-

dence observed in the sitagliptin group. The incidences

of serious adverse experiences were slightly higher in

the placebo/metformin switch group compared with

the other groups. A single serious drug-related adverse

experience was reported over the 54 weeks: ketoacido-

sis in a placebo-treated patient who discontinued treat-

ment, reported in phase A15. Over the 54 weeks, two

patients died: one patient in the placebo group died of

sudden cardiac death during the initial 24 weeks of

this study and the other patient in the high-dose

co-administration group died of an electrical shock

during the continuation phase. One patient who dis-

continued from the low-dose metformin group duringT
a
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phase A due to esophageal carcinoma was subsequently

reported to have died during the study period. An addi-

tional patient died of a cerebral hemorrhage prior to

randomization. The proportions of patients discontinu-

ing treatment due to an adverse experience or a drug-

related adverse experience were low and similar across

groups (Table 7).

The incidences of hypoglycemia were low (1–3%)

and similar across groups (Table 7). Two patients in

the metformin 500 mg b.i.d. group had hypoglycemia

episodes that required non-medical assistance. No epi-

sode of hypoglycemia exhibited marked severity (i.e.,

altered consciousness or the requirement for medical

assistance). The proportions of patients reporting gas-

trointestinal adverse experiences were similar between

the co-administration and metformin monotherapy

groups (Table 7). Similar findings were noted for the

prespecified, select, gastrointestinal adverse experi-

ences (Table 7).

Discussion

Sitagliptin inhibits the enzymatic degradation and inac-

tivation of glucagon-like peptide-1 (GLP-1) and glucose-

dependent insulinotropic polypeptide (GIP)16, the

incretin hormones involved in glucose homeostasis17.

Sitagliptin lowers blood glucose through its effects on

incretins by enhancing insulin release and reducing glu-

cagon secretion following a meal in patients with type 2

diabetes18. In addition to improving glycemic control,

sitagliptin has been shown to improve �-cell function

using surrogate markers (HOMA-� and proinsulin/

insulin ratio) and a model-based approach4,19–21.

Metformin suppresses hepatic glucose output and

improves insulin resistance22. There is also evidence

that metformin may increase total GLP-1 release23,24.

Based on these complementary effects on glucoregula-

tion and the safety profiles of each agent, initial combi-

nation therapy with sitagliptin and metformin might be

considered a useful clinical therapy for patients with

type 2 diabetes. This was confirmed in a 24-week

placebo-controlled trial demonstrating that the

combination of sitagliptin and metformin was generally

well-tolerated and produced additive and substantial

improvement in overall glycemic control15.

The 24-week study, previously reported15, was con-

tinued for an additional 30 weeks to provide informa-

tion about the longer-term efficacy and safety results

for the initial combination therapy of sitagliptin and

metformin. In this 54-week study, the combinations

of sitagliptin and metformin provided substantial

reductions (1.4% and 1.8% for the low and high

doses, respectively) in HbA1c. In the completers ana-

lyses, numerically greater glycemic responses were

observed in all treatment groups compared with the

CAPT analyses. Consistent with the finding that base-

line HbA1c impacts treatment response25, changes

from a baseline at week 54 ranged from �2.0% in the

sitagliptin group to �3.1% in the high-dose combina-

tion group in a subgroup of patients with baseline

HbA1c �10%. The substantial reduction in HbA1c

enabled two-thirds of the continuation patients in the

high-dose combination group to reach the HbA1c target

of 57.0% at week 54. Furthermore, among CAPT

patients in the high-dose combination group who had

an HbA1c57.0% at week 24, 86% had an HbA1c57.0%

at week 54. Importantly, treatment with initial combi-

nation therapy was durable, as demonstrated by the

HbA1c and FPG curves over time. Although the com-

bination treatments have greater effects on HbA1c, the

curves over time have similar shapes, suggesting similar

durability among treatments.

Substantial reductions in glucose in the fasting and

postprandial state were observed at week 54 in all

Weeks
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Figure 1. HbA1c over time (mean� standard error).

A. continuation APT population, B. week 54 completers

population
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groups with the largest reductions in the combination

groups. Furthermore, the combination of sitagliptin

and metformin improved measures of �-cell function

(e.g., HOMA-�; P/I ratio) and insulin resistance. The

ratio of insulin secreted per unit glucose following a

standard meal was also increased with combined

treatment, suggesting enhanced �-cell responsiveness.

Collectively, these improvements demonstrate the

complementary mechanisms of action of sitagliptin

and metformin, which together target the three core

pathophysiologic defects of type 2 diabetes: declining

�-cell function, increased insulin resistance, and excess

hepatic glucose output26,27.

All treatments were generally well tolerated for 54

weeks. The additional 30 weeks of treatment extend

and support the findings reported for the 24-week

placebo-controlled portion of this study15. Despite

the substantial and durable improvements in glycemic

control observed with all active treatments, the inci-

dence of hypoglycemia was low and similar across the

treatment groups over 54 weeks. The incidences of

overall and select gastrointestinal adverse experiences

were similar for the combination and metformin mono-

therapy groups. Because some incretin-based therapies

have been shown to have gastrointestinal side-effects17,

it is noteworthy that sitagliptin did not exacerbate the

gastrointestinal side-effects commonly associated with

metformin28, even when used as initial therapy. The

combination of sitagliptin and metformin provided

weight loss from baseline similar to that observed

with metformin monotherapy, whereas sitagliptin

alone was weight neutral over 54 weeks. This suggests

that sitagliptin does not affect the weight loss usually

observed with metformin28.

This study had some limitations. First, the patient

population evaluated was not a randomized population

in that this study evaluated randomized patients who

had a baseline measurement, did not receive glycemic

rescue therapy in phase A, took at least one dose of

study medication in the continuation phase, and had

at least one efficacy measurement during the continua-

tion phase. Second, because the baseline HbA1c inclu-

sion criteria ranged from 7.5 to 11% and the glycemic

rescue criterion was an HbA1c48% after week 24,

there was a greater likelihood of glycemic rescue in

the monotherapy groups; this led to more missing
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Figure 2. Mean change (SE) from baseline in HbA1c by baseline HbA1c subgroup (n per subgroup for continuation APT

population within legend). SITA, sitagliptin; MF, metformin
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Figure 3. Fasting plasma glucose (FPG) over time

(mean� standard error; continuation APT population)
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data in the CAPT analysis and fewer patients contribut-

ing to the completers analysis in the monotherapy

groups. The present study assesses the efficacy and

safety of these treatments for 54 weeks. This study

has been extended for an additional 50 weeks to further

assess the safety and efficacy of combination therapy

with sitagliptin and metformin.

Conclusions

In this study of patients with type 2 diabetes and

inadequate glycemic control on diet and exercise, ther-

apy with sitagliptin, metformin, or the combination

of sitagliptin and metformin provided substantial and

durable glycemic control, improved markers of �-cell

function, and was generally well-tolerated over 54

weeks.
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