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Summary
Background Most patients with type 2 diabetes begin pharmacotherapy with metformin, but eventually need additional 
treatment. We assessed the safety and effi  cacy of once weekly exenatide, a glucagon-like peptide 1 receptor agonist, 
versus maximum approved doses of the dipeptidyl peptidase-4 inhibitor, sitagliptin, or the thiazolidinedione, 
pioglitazone, in patients treated with metformin.

Methods In this 26-week randomised, double-blind, double-dummy, superiority trial, patients with type 2 diabetes 
who had been treated with metformin, and at baseline had mean glycosylated haemoglobin (HbA1c) of 8·5% (SD 1·1), 
fasting plasma glucose of 9·1 mmol/L (2·6), and weight of 88·0 kg (20·1), were enrolled and treated at 72 sites in the 
USA, India, and Mexico. Patients were randomly assigned to receive: 2 mg injected exenatide once weekly plus oral 
placebo once daily; 100 mg oral sitagliptin once daily plus injected placebo once weekly; or 45 mg oral pioglitazone 
once daily plus injected placebo once weekly. Primary endpoint was change in HbA1c between baseline and week 26. 
Analysis was by intention to treat, for all patients who received at least one dose of study drug. This trial is registered 
with ClinicalTrials.gov, number NCT00637273.

Findings 170 patients were assigned to receive once weekly exenatide, 172 to receive sitagliptin, and 172 to receive 
pioglitazone. 491 patients received at least one dose of study drug and were included in the intention-to-treat analysis 
(160 on exenatide, 166 on sitagliptin, and 165 on pioglitazone). Treatment with exenatide reduced HbA1c (least square 
mean –1·5%, 95% CI –1·7 to –1·4) signifi cantly more than did sitagliptin (–0·9%, –1·1 to –0·7) or pioglitazone (–1·2%, 
–1·4 to –1·0). Treatment diff erences were –0·6% (95% CI –0·9 to –0·4, p<0·0001) for exenatide versus sitagliptin, 
and –0·3% (–0·6 to –0·1, p=0·0165) for exenatide versus pioglitazone. Weight loss with exenatide (–2·3 kg, 95% CI–2·9 to 
–1·7) was signifi cantly greater than with sitagliptin (diff erence –1·5 kg, 95% CI –2·4 to –0·7, p=0·0002) or pioglitazone 
(diff erence –5·1 kg, –5·9 to –4·3, p<0·0001). No episodes of major hypoglycaemia occurred. The most frequent adverse 
events with exenatide and sitagliptin were nausea (n=38, 24%, and n=16, 10%, respectively) and diarrhoea (n=29, 18%,  
and n=16, 10%, respectively); upper-respiratory-tract infection (n=17, 10%) and peripheral oedema (n=13, 8%) were the 
most frequent events with pioglitazone.

Interpretation The goal of many clinicians who manage diabetes is to achieve optimum glucose control alongside 
weight loss and a minimum number of hypoglycaemic episodes. Addition of exenatide once weekly to metformin 
achieved this goal more often than did addition of maximum daily doses of either sitagliptin or pioglitazone. 

Funding Amylin Pharmaceuticals and Eli Lilly.

Introduction
In the original American Diabetes Association and the 
European Association for the Study of Diabetes treatment 
algorithm for type 2 diabetes, Nathan and colleagues1 
introduced the concept of starting all patients on 
metformin, if not contraindicated, and adding basal 
insulin, sulphonylurea, or thiazolidinedione therapy if 
needed. A revised version of this algorithm,2 and the 
American Association of Clinical Endocrinologists and 
American College of Endocrinology’s most recent 
treatment algorithm for type 2 diabetes ,3 place metformin 
as the cornerstone of combination therapy, but also include 
new classes of drugs to consider after metformin, with an 
emphasis on keeping hypoglycaemia and weight gain to a 
minimum. These new treatments, which include glucagon-

like peptide 1 (GLP-1) receptor agonists and dipeptidyl 
peptidase-4 (DPP-4) inhibitors, not only improve glycaemic 
control, but could also positively aff ect some of the 
metabolic abnormalities associated with type 2 diabetes,3 
including obesity, hypertension, and dyslipidaemia. Such 
eff ects are of particular importance because excess 
bodyweight and drug-associated hypoglycaemia are 
continuing concerns for many patients with type 2 diabetes, 
and, in the USA, only one in eight patients treated for 
type 2 diabetes simultaneously reaches the often-referenced 
targets for glycosylated haemoglobin (HbA1c), blood pressure, 
and LDL cholesterol.4

For patients already taking metformin, selection of the 
most appropriate subsequent treatment is complicated 
by a paucity of data directly comparing the safety and 
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effi  cacy of drugs,5–7 particularly new classes. In this 
randomised superiority trial DURATION-2 (Diabetes 
therapy Utilization: Researching changes in A1c, weight 
and other factors Through Intervention with exenatide 
ONce weekly), we directly compared the effi  cacy, safety, 
and tolerability of three recommended therapies for 
patients not suffi  ciently controlled on metformin:2,3 
exenatide once weekly (GLP-1 receptor agonist), and 
maximum approved doses of sitagliptin (DPP-4 inhibitor) 
and pioglitazone (thiazolidinedione).

Methods
Patients
Patients were recruited between Jan 22, 2008, and Aug 6, 
2008, and received treatment in 72 hospitals and clinics 
in the USA, India, and Mexico. Eligible patients were 
aged 18 years or older, had type 2 diabetes but were 
otherwise healthy, and had been treated with a stable 
metformin regimen for at least 2 months before 
screening. Women who were pregnant were excluded. 
Additional inclusion criteria were HbA1c of 7·1–11·0% 
and a body-mass index of 25–45 kg/m²; further details 
are supplied in webappendix p 1.

A common clinical protocol was approved for each 
site by the appropriate ethical review board. Patients 
provided written informed consent before enrolment. 
The study was done in accordance with the Declaration 

of Helsinki, including all amendments through the 
South Africa revision.8

Randomisation and masking
Randomisation was done centrally by UBC Clinical 
Technologies (San Francisco, CA, USA) via an interactive 
voice response system to conceal allocation, and was 
independent of the sponsor, investigators, study-site staff , 
and patients. The randomisation sequence was computer-
generated. In this double-blind, double-dummy study, 
patients were randomly allocated in a 1:1:1 ratio to receive: 
2 mg exenatide as a once weekly injection plus oral 
placebo once daily; 100 mg oral sitagliptin once daily plus 
placebo as a once weekly injection; or 45 mg oral 
pioglitazone once daily plus placebo as a once weekly 
injection. Oral capsules and injected liquids with identical 
appearance were used to mask treatment allocation. All 
injections were subcutaneous. The fi rst injection was 
administered by study staff , and thereafter by the patient 
or a caregiver. Randomisation was stratifi ed by country 
and by HbA1c at screening (<9·0% vs ≥9·0%). All patients, 
study-site staff , investigators, and the sponsor were 
masked to treatment allocation during the double-blind 
treatment period. After fi nalisation of the statistical 
analysis plan and subsequent database lock, the sponsor 
was unmasked to treatment allocation.

Procedures
Patients received treatment for 26 weeks. Stable doses of 
metformin were received throughout the study. The 
primary endpoint was change in HbA1c from baseline to 
week 26. Prespecifi ed endpoints recorded from baseline to 
week 26 were: proportion of patients achieving the HbA1c 
target of 6·5% or lower, or 7·0% or lower; fasting plasma 
glucose (target ≤7 mmol/L); six-point self-monitored blood 
glucose profi le; bodyweight; fasting lipid profi le; fasting 
insulin profi le; systolic and diastolic blood pressures; 
cardiovascular risk markers (urinary albumin-to-creatinine 
ratio, serum adiponectin, B-type natriuretic peptide, high-
sensitivity C-reactive protein, and plasminogen activator 
inhibitor-1); patient-reported out comes from the Impact of 
Weight on Quality of Life Questionnaire-Lite (IWQOL),9 
Psychological General Well-being (PGWB) index,10 the 
Diabetes Treatment Satisfaction Questionnaire (DTSQ),11 
and EuroQol-5 dimensions (EQ-5D);12 safety; and 
tolerability. An additional secondary endpoint, proportion 
of patients achieving HbA1c targets of lower than 7·0%, 
was not prespecifi ed. 

Plasma and urine analytes and HbA1c were quantitated 
by standard methods. Further descriptions of methods 
used to measure primary and secondary outcomes are 
available in webappendix p 2. Plasma antibodies to 
exenatide were measured as previously described.13,14 
Treatment-emergent antibodies to exenatide were defi ned 
as a positive titre reported after a negative or missing titre 
at baseline, or a positive titre that had increased by at 
least three dilutions from a detectable baseline titre. 

Exenatide once 
weekly (n=160)

Sitagliptin once 
daily (n=166)

Pioglitazone once 
daily (n=165)

Sex

Men 89 (56%) 86 (52%) 79 (48%)

Women 71 (44%) 80 (48%) 86 (52%)

Race

White 53 (33%) 50 (30%) 65 (39%)

Black 19 (12%) 20 (12%) 13 (8%)

Hispanic 50 (31%) 49 (30%) 44 (27%)

Asian 37 (23%) 42 (25%) 40 (24%)

Native American 0 3 (2%) 0

Other 1 (1%) 2 (1%) 3 (2%)

Age (years) 52 (10) 52 (11) 53 (10)

Bodyweight (kg) 89 (20) 87 (20) 88 (20)

Body-mass index (kg/m²) 32 (5) 32 (5) 32 (6)

HbA1c 8·6% (1·2) 8·5% (1·2) 8·5% (1·1)

Fasting plasma glucose (mmol/L) 9·2 (2·9) 9·1 (2·5) 9·1 (2·4)

Duration of diabetes (years) 6 (5) 5 (4) 6 (5)

Daily metformin dose (mg) 1504 (586) 1583 (510) 1480 (559)

Systolic blood pressure (mm Hg) 126 (14) 126 (14) 127 (14)

Blood lipid profi le (mmol/L) 

Total cholesterol 4·5 (1·0) 4·6 (1·1) 4·9 (1·1)

LDL cholesterol 2·7 (0·8) 2·7 (0·9) 2·9 (1·0)

HDL cholesterol 1·1 (0·2) 1·1 (0·3) 1·1 (0·3)

Triglyceridees 1·9 (1·1) 1·9 (1·3) 2·2 (1·3)

Data are number (%) or mean (SD). HbA1c=glycosylated haemoglobin. 

Table 1: Baseline demographic and clinical characteristics
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Treatment-emergent adverse events were defi ned as 
those occurring or worsening during or after the fi rst 
dose of study drug. Hypoglycaemia was categorised as 
major or minor. Major hypoglycaemia was defi ned as loss 
of consciousness, seizure, or coma that resolved after 
treatment with glucagon or glucose, or severe impairment 
that required third-party assistance to resolve the episode 
and a blood glucose concentration of lower than 3 mmol/L. 
Minor hypoglycaemia was defi ned as a report of symptoms 
consistent with hypoglycaemia and glucose of lower than 
3 mmol/L before treatment of the episode.

Statistical analysis
We estimated that 500 patients would provide at least 90% 
power to detect a statistically signifi cant diff erence 
(α=0·05, two-sided test) between exenatide once weekly 
and sitagliptin or pioglitazone with Hochberg’s multiple 
test procedure,15 and assumptions of a diff erence of 0·5% 

between groups, a common SD of 1·2%, and an early 
withdrawal rate of 10%. Multiplicity for the comparisons 
of exenatide versus sitagliptin or pioglitazone were 
adjusted by use of the Hochberg procedure15 to control 
the overall type 1 error rate at 5% for HbA1c, fasting plasma 
glucose, bodyweight, fasting lipid profi le, and blood 
pressure. Unless specifi ed otherwise, descriptive statistics 
for demographic indicators and analyses are for the 
intention-to-treat population, comprising all randomised 
patients who received at least one dose of study drug. The 
evaluable population consisted of all intention-to-treat 
participants who completed study procedures up to 
week 22, in compliance with the protocol and received 
dequate exposure.

Analyses of change in HbA1c at each visit were based on 
a general linear model including treatment, country, and 
baseline HbA1c strata (<9·0% vs ≥9·0%). Add itionally, 
interaction between treatment and baseline HbA1c strata 

958 patients screened

514 enrolled and randomly 
 allocated

170 allocated to 2 mg
 exanatide once weekly

160 included in intention-
 to-treat analysis

122 evaluable patients‡
 

172 allocated to 100 mg
 sitagliptin once daily

172 allocated to 45 mg
 pioglitazone once daily

137 evaluable patients‡
 

128 evaluable patients‡
 

160 received treatment 166 received treatment 165 received treatment

33 withdrew
 13 withdrawal of consent
 11 adverse event†
 1 protocol violation*
 5 lost to follow-up
 2 administrative
 1 loss of glucose control

444 not eligible 

22 withdrew
      4  withdrawal of consent
      5  adverse event
      3  investigator decision
      2  protocol violation*
      7  lost to follow-up
      1  loss of glucose control

34 withdrew
 15 withdrawal of consent
 6 adverse event
 1 investigator decision
 11 lost to follow-up
 1 loss of glucose control

166 included in intention-
 to-treat analysis

165 included in intention-
 to-treat analysis

10 withdrew before first 
 dose of study drug

1 protocol violation*
1 investigator decision
5 withdrawal of consent
3 lost to follow-up

6 withdrew before first 
    dose of study drug
    2 protocol violation*
    2 lost to follow-up
    2 withdrawal of consent

   7 withdrew before first 
      dose of study drug

   1 protocol violation*
   1 adverse event
   2 lost to follow-up
   3 withdrawal of consent

Figure 1: Trial profi le 
*All protocol violations after randomisation were due to non-compliance with study visits or treatment, or both. †One adverse event was not treatment-
emergent. ‡Patients completed study procedures through week 22 in compliance with the protocol and received adequate exposure to the study drug during 
the treatment period.
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was assessed. Analyses of change in other parameters at 
each visit were based on a general linear model including 
treatment, country, and baseline HbA1c strata, with the 
corresponding baseline value of the parameter as a 
covariate. Log-transformation was applied to triglycerides 
and cardiovascular risk markers before fi tting the model. 
Values of high-sensitivity C-reactive protein of more than 
10 mg/L were excluded from the comparison because 
highly raised high-sensitivity C-reactive protein indicates 
non-cardiovascular causes of infl ammation.16 Comparison 
of treatment groups for proportions of patients achieving 
targets for HbA1c and fasting plasma glucose was done 
with a Cochran-Mantel-Haenszel test, stratifi ed by 
baseline HbA1c stratum and country. Diff erences in the 
proportions of patients completing the study between 
treatment groups were assessed with a Fisher’s exact test. 

Missing data were imputed by last observation carried 
forward. Changes from baseline to week 26 for effi  cacy 
endpoints were expressed as least square means. A post-
hoc analysis for between-group diff erences for all three 
treatments was also done. Statistical analyses were done 
with SAS (version 8.2). 

This trial is registered with ClinicalTrials.gov, number 
NCT00637273.

Role of the funding source
Amylin Pharmaceuticals and Eli Lilly paticipated in the 
study design, study conduct, and data collection, and 
assisted the authors in data analysis and interpretation 
and preparation and review of the report. RMB and CW 
had full access to all the data in the study, take 
responsibility for the integrity of the data and the accuracy 
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Figure 2: Change in glycaemic control and bodyweight between baseline and week 26
(A) Change in glycosylated haemoglobin (HbA1c) over 26 weeks. (B) Proportion of patients achieving HbA1c target values at week 26. (C) Change in fasting plasma 
glucose over 26 weeks. (D) Change in bodyweight over 26 weeks. (E) Scatterplot of change in HbA1c versus change in bodyweight at week 26. In A, C, and D data are 
least squares mean, and error bars are SEs. All p values are adjusted according to the Hochberg method.15 *p<0·05 for exenatide versus pioglitazone. †p<0·0001 for 
exenatide versus pioglitazone. ‡p<0·05 for exenatide versus sitagliptin. §p<0·0001 for exenatide versus sitagliptin. ¶p<0·001 for exenatide versus pioglitazone. 
||p<0·001 for exenatide versus sitagliptin. 
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of the data analysis, and had fi nal responsibility for the 
decision to submit for publication.

Results
Demographic and clinical characteristics were well 
balanced between treatment groups (table 1). Fewer 
patients withdrew from treatment with sitagliptin (13%) 
than did those receiving exenatide once weekly (21%, 
p=0·0784) or pioglitazone (21%), which was mainly due 
to greater proportions of patients withdrawing consent 
on exenatide (8%) and pioglitazone (9%) than on 
sitagliptin (2%; fi gure 1).

Treatment with once weekly exenatide resulted in a 
signifi cantly greater reduction in HbA1c than did 
pioglitazone by week 4, or sitagliptin by week 6; statistical 
signifi cance was maintained throughout the remainder 
of the study (fi gure 2A). After 26 weeks’ treatment, mean 
HbA1c was 7·2% (SE 0·1) for exenatide, 7·7% (0·1) for 
sitagliptin, and 7·4% (0·1) for pioglitazone. Between 
baseline and week 26, reduction in HbA1c with exenatide 
(–1·5%, 95% CI –1·7 to –1·4) was signifi cantly greater 
than with sitagliptin (–0·9%, –1·1 to –0·7) or pioglitazone 
(–1·2%, –1·4 to –1·0). Treatment diff erences were –0·6% 
(95% CI –0·9 to –0·4, adjusted p<0·0001) for exenatide 
versus sitagliptin, and –0·3% (–0·6 to –0·1, adjusted 
p=0·0165) for exenatide versus pioglitazone. Similar 

reductions were recorded for the evaluable patient group 
(webappendix p 3). When data were stratifi ed by baseline 
HbA1c, exenatide once weekly was associated with a 
signifi cantly greater reduction in HbA1c than was 
sitagliptin in all patients, but for exenatide versus 
pioglitazone, the diff erence was signifi cant only in 
patients with baseline HbA1c of 9% or higher (table 2). 
Interaction between baseline HbA1c stratum and 
treatment was not signifi cant (p=0·4054). Signifi cantly 
more patients achieved HbA1c targets of less than 7·0% 
and 6·5% or lower with exenatide than with sitagliptin 
or pioglitazone (fi gure 2B).

All treatments improved fasting plasma glucose; 
exenatide once weekly resulted in a signifi cantly greater 
reduction (–1·8 mmol/L, 95% CI –2·2 to –1·3) than did 
sitagliptin (–0·9 mmol/L, –1·3 to –0·5), but not 
pioglitazone (–1·5 mmol/L, –1·9 to –1·1; fi gure 2C; 
webappendix p 3). Treatment diff erences were 
–0·9 mmol/L (95% CI –0·3 to –1·4, adjusted p=0·0038) 
for exenatide versus sitagliptin, and –0·2 mmol/L 
(–0·8 to 0·3, adjusted p=0·3729) for exenatide versus 
pioglitazone. The percentage of patients who achieved 
the target of 7 mmol/L or less with exenatide (60%, n=96 
patients) was signifi cantly greater than with sitagliptin 
(35%, n=58, adjusted p<0·0001), and was similar to 
pioglitazone (52%, n=86, adjusted p=0·1024). 

HbA1c <9·0% HbA1c ≥9·0%

Exenatide once 
weekly (n=102)

Sitagliptin (n=106) Pioglitazone 
(n=109)

Exenatide once 
weekly (n=58)

Sitagliptin (n=60) Pioglitazone (n=56)

Baseline HbA1c 7·8% (0·1) 7·7% (0·1) 7·8% (0·1) 9·9% (0·1) 9·8% (0·1) 9·7% (0·1)

Change in HbA1c –1·1% (–1·3 to –0·9) –0·5% (–0·8 to –0·3) –0·9% (–1·1 to –0·7) –2·0% (–2·4 to –1·6) –1·3% (–1·7 to –0·9) –1·5% (–1·9 to –1·1)

Treatment diff erence 
vs exenatide

NA 0·5% (0·3 to 0·8), 
p=0·0005

0·2% (–0·1 to 0·5), 
p=0·1926

NA 0·8% (0·3 to 1·3), 
p=0·0071

0·5% (0·0 to 1·1), 
p=0·0436

For baseline glycosylated haemoglobin (HbA1c), data are mean (SE); and for change in HbA1c, and for treatment diff erence, data are least square mean (95% CI). p values were 
adjusted with the Hochberg method15 within each stratum. NA=not applicable. 

Table 2: Change in HbA1c from baseline to week 26, stratifi ed by baseline HbA1c
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Figure 3: Change in systolic blood pressure between baseline and week 26
(A) Change in systolic blood pressure over 26 weeks. (B) Change in systolic blood pressure at week 26 in all patients and in a subgroup of patients with abnormal 
systolic blood pressure (≥130 mm Hg) at baseline. Data are least squares mean, and error bars are SEs. All p values are adjusted according to the Hochberg method.15 
*p=0·0162 for exenatide versus sitagliptin and for exenatide versus pioglitazone at week 22. †p=0·0055 for exenatide versus sitagliptin at week 26.
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Fasting insulin was signifi cantly increased at week 
26 with exenatide once weekly (3·6 μIU/mL, 95% CI 
1·6 to 5·6) compared with sitagliptin (0·4 μIU/mL, 
–1·6 to 2·3) and pioglitazone (–3·9 μIU/mL, 
–5·9 to –2·0). Treatment diff erences were 3·2 μIU/mL 
(95% CI 0·6 to 5·8, p=0·0161) for exenatide versus 
sitagliptin, and 7·5 μIU/mL (4·9 to 10·1, p<0·0001) for 
exenatide versus pioglitazone. In all measurements of 
the six-point self-monitored blood glucose profi le, 
reductions at week 26 were signifi cantly greater with 
exenatide than with sitagliptin, but not pioglitazone 
(webappendix p 4).

Exenatide once weekly resulted in a signifi cantly greater 
reduction in bodyweight than did pioglitazone by week 1 
and sitagliptin by week 4 (fi gure 2D). At week 26, weight 
loss with exenatide (–2·3 kg, 95% CI –2·9 to –1·7) was 
signifi cantly greater than with sitagliptin (–0·8 kg, –1·4 to 
–0·1) or pioglitazone (2·8 kg, 2·2 to 3·4). Treatment 
diff erences were –1·5 kg (95% CI –2·4 to –0·7, adjusted 
p=0·0002) for exenatide versus sitagliptin, and –5·1 kg 
(–5·9 to –4·3, adjusted p<0·0001) for exenatide versus 
pioglitazone. Similar changes were recorded in evaluable 
patients (webappendix p 3). More than 75% (n=123) of 
patients on once weekly exenatide lost bodyweight, 
compared with 61% (n=101) of those on sitagliptin and 
21% (n=35) of those on pioglitazone. 28% (n=45) of 
patients receiving exenatide had weight loss of 5% or 
more, compared with 10% (n=16) of those on sitagliptin 
and 2% (n=3) of those on pioglitazone. Change in 
bodyweight was similar between patients with baseline 
body-mass index of less than 30 kg/m² or of 30 kg/m² or 
more (data not shown). More patients on exenatide had 
reductions in both HbA1c and bodyweight than did those 
on sitagliptin or pioglitazone (fi gure 2E).

Improvements in systolic blood pressure were 
recorded within a few weeks of starting all treatments 
(fi gure 3A). After 26 weeks’ treatment, the reduction in 
systolic blood pressure was signifi cantly greater with 
exenatide once weekly than with sitagliptin in all 
patients (diff erence –4 mm Hg, 95% CI –6 to –1) and in 
those with abnormal systolic blood pressure at baseline 
(–6 mm Hg, –11 to –2); the diff erence between exenatide 
and pioglitazone was not signifi cant in either patient 
group (fi gure 3B). Change in diastolic blood pressure at 
week 26 did not diff er signifi cantly between groups. 
Changes in concomitant antihypertensive drugs were 
allowed only if they were deemed to be necessary by the 
investigator. Of the 237 patients who used an 
antihypertensive agent at screening and completed the 
26-week assessment period, 210 (89%; similar between 
treatment groups) did not change dose.

Signifi cant improvement in HDL cholesterol was 
recorded with all treatments, and improvement was 
signifi cantly greater with pioglitazone than with exenatide 
once weekly (diff erence 0·11 mmol/L, 95% CI 0·07 to 0·15; 
fi gure 4). Pioglitazone was the only treatment associated 
with a signifi cant reduction in triglycerides (–16%, 95% CI 
–21 to –11) and increase in total cholesterol (0·16 mmol/L, 
95% CI 0·04 to 0·28), the former of which was signifi cantly 
diff erent from changes with exenatide (–5%, 95% CI –11 to 
0). Changes to lipid-lowering drug regimens were not 
allowed unless the investigator directed the change. Of the 
166 patients who had used a lipid-lowering agent at 
screening and completed the 26-week assessment period, 
151 (91%; similar between treatment groups) did not 
change dose.

A post-hoc analysis of change in HbA1c, fasting plasma 
glucose, bodyweight, blood pressure, and blood lipid 
profi le between all three treatment groups showed 
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Figure 4: Change in blood lipid profi les between baseline and week 26
Data are least squares mean, and error bars are SEs. Statistical analysis for triglycerides was done on log-
transformed data. All p values are adjusted according to the Hochberg method.15  

Ch
an

ge
 in

 B
-t

yp
e 

na
tr

iu
re

tic
 p

ep
tid

e 
(%

)

60

–40

–20

0

20

40

Exenatide once weekly (n=160)
Sitagliptin (n=166)
Pioglitazone (n=165)

p=0·0140

p<0·0001

p<0·0001

A

Ch
an

ge
 in

 a
lb

um
in

-t
o-

cr
ea

tin
in

e 
ra

tio
 (%

) 20

–30

–20

–10

0

10

B

Ch
an

ge
 in

 p
la

sm
in

og
en

 a
ct

iv
at

or
 in

hi
bi

to
r-1

 (%
) 10

–30

–20

–10

0

D

Ch
an

ge
 in

 a
di

po
ne

ct
in

 (%
)

0

50

100

150

200
E

Ch
an

ge
 in

 h
ig

h-
se

ns
iti

vi
ty

 C
-r

ea
ct

iv
e 

pr
ot

ei
n 

(%
)

0

–50

–40

–30

–20

–10

C
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signifi cantly greater improvement in HbA1c, diastolic 
blood pressure, HDL cholesterol, and triglycerides with 
pioglitazone than with sitagliptin, whereas sitagliptin 
resulted in signifi cantly greater weight loss than did 
pioglitazone (webappendix p 5).

All treatments were associated with signifi cant 
improvements in high-sensitivity C-reactive protein and 
adiponectin (fi gure 5). Exenatide once weekly was the 
only treatment associated with signifi cantly improved 
B-type natriuretic peptide and ratio of albumin to 
creatinine; B-type natriuretic peptide was also 
signifi cantly greater than on sitagliptin or pioglitazone. 
Pioglitazone was associated with a signifi cantly greater 
increase in adiponectin than was exenatide, and was the 
only treatment associated with signifi cantly improved 
plasminogen activator inhibitor-1 and signifi cant 
worsening of B-type natriuretic peptide.

All fi ve domains of weight-related QOL and IWQOL 
total score were signifi cantly improved with exenatide 
once weekly (IWQOL total score 5·15, 95% CI 3·11 to 
7·19) and sitagliptin (4·56, 2·56 to 6·57), but not 
pioglitazone (1·20, –0·87 to 3·28), which improved only 
on self-esteem. Signifi cantly greater improvements in 
IWQOL total score were recorded for exenatide than for 
pioglitazone (diff erence 3·94, 95% CI 1·28 to 6·61, 
p=0·0038), consistent with diff erences in bodyweight 
change. All groups showed signifi cant improvements in 
all domains of the PGWB and the DTSQ total score; 
greater improvement in overall treatment satisfaction was 
recorded with exenatide (3·96, 95% CI 2·78 to 5·15) than 
with sitagliptin (2·35, 1·19 to 3·51; diff erence 1·61, 
95% CI 0·07 to 3·16, p=0·0406). 

For patients on exenatide once weekly and sitagliptin, 
the most common treatment-emergent adverse events 
were nausea and diarrhoea, whereas upper-respiratory-
tract infection and peripheral oedema were most 
common in those on pioglitazone (table 3). Vomiting 
was more common with exenatide once weekly than 
with sitagliptin or pioglitazone. Treatment-emergent 
adverse events leading to withdrawal from the study 
drug occurred in ten patients on exenatide, fi ve on 
sitagliptin, and six on pioglitazone. The only event 
leading to withdrawal in more than one patient per 
treatment group was diarrhoea, which caused withdrawal 
of two patients on each of exenatide and sitagliptin. 
During the 26-week study, 19 patients had 26 treatment-
emergent serious adverse events (table 3). One serious 
adverse event was fatal (uncontrolled hypertension on 
sitagliptin), but all other events resolved. Two serious 
adverse events led to withdrawal (cryptogenic organising 
pneumonia on exenatide and necrotising pancreatitis 
on pioglitazone).

There were no episodes of major hypoglycaemia. 
The frequency of minor hypoglycaemic events was 
low and  similar between treatment groups: two events 
(n=2 patients, 1%) on exenatide once weekly; nine events 
(n=5, 3%) on sitagliptin; and one event (n=1, 1%) on 

pioglitazone. Few events related to the injection site 
occurred on exenatide (n=16, 10%; 28 events), and the 
frequency was similar to that with placebo microsphere 
injection in the sitagliptin and pioglitazone groups 
(n=22, 7%; 42 events). Most patients on exenatide 
had either low (<1/625; n=74, 48%) or not detectable 
(n=61, 40%) titres of treatment-emergent antibodies to 
exenatide during their fi nal study visit (153 samples were 
available for assay of antibody status). Similar to previous 
reports,14 antibody status was not predictive of safety or 
individual change in HbA1c.

Exenatide once 
weekly (n=160)

Sitagliptin (n=166) Pioglitazone (n=165)

Patients Events Patients Events Patients Events

Serious adverse events

Overall 4 (3%) 4 5 (3%) 6 10 (6%) 16

Non-cardiac chest pain 0 0 1 (1%) 1 1 (1%) 1

Coronary artery occlusion 0 0 0 0 2 (1%) 2

Cerebrovascular accident 0 0 1 (1%) 1 1 (1%) 1

Pancreatitis 0 0 0 0 2 (1%) 2

Unstable angina 0 0 0 0 1 (1%) 1

Bile-duct obstruction 0 0 0 0 1 (1%) 1

Cholelithiasis 0 0 0 0 1 (1%) 1

Clostridial infection 0 0 0 0 1 (1%) 1

Dengue fever 0 0 0 0 1 (1%) 1

Pancreatic abscess 0 0 0 0 1 (1%) 1

Sepsis 0 0 0 0 1 (1%) 1

Viral infection 0 0 0 0 1 (1%) 1

Staphylococcal wound infection 0 0 0 0 1 (1%) 1

Acute renal failure 0 0 0 0 1 (1%) 1

Bacterial pyelonephritis 0 0 1 (1%) 1 0 0

Escherichia bacteraemia 0 0 1 (1%) 1 0 0

Papillary thyroid cancer 0 0 1 (1%) 1 0 0

Hypertension 0 0 1 (1%) 1 0 0

Viral pericarditis 1 (1%) 1 0 0 0 0

Postoperative wound complication 1 (1%) 1 0 0 0 0

Nephrolithiasis 1 (1%) 1 0 0 0 0

Cryptogenic organising pneumonia 1 (1%) 1 0 0 0 0

Frequent treatment-emergent adverse events

Nausea 38 (24%) 62 16 (10%) 22 8 (5%) 9

Diarrhoea 29 (18%) 39 16 (10%) 21 12 (7%) 13

Upper-respiratory-tract infection 6 (4%) 7 15 (9%) 16 17 (10%) 20

Headache 15 (9%) 16 15 (9%) 19 7 (4%) 9

Vomiting 18 (11%) 29 4 (2%) 4 5 (3%) 7

Urinary-tract infection 10 (6%) 10 9 (5%) 10 6 (4%) 7

Peripheral oedema 2 (1%) 3 5 (3%) 5 13 (8%) 14

Injection-site pruritus 8 (5%) 8 8 (5%) 13 2 (1%) 2

Sinusitis 5 (3%) 5 2 (1%) 2 11 (7%) 12

Fatigue 9 (6%) 10 0 0 5 (3%) 9

Constipation 9 (6%) 9 3 (2%) 4 2 (1%) 2

Data are number of patients (%) or number of events. 

Table 3: Serious adverse events in any treatment group and treatment-emergent adverse events 
occurring in 5% or more of patients
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Discussion
Treatment of type 2 diabetes is a specialty in which 
comparative data are needed to better inform treatment 
decisions because of the heterogeneity of patients and the 
availability of several treatment options. Our double-blind, 
double-dummy trial directly compared the safety and 
effi  cacy of three antihyperglycaemic drugs that might be 
appropriate adjunctive medication in patients with 
insuffi  cient glycaemic control on metformin. Once weekly 
treatment with exenatide elicited signifi cantly greater 
improvements in HbA1c than did maximum approved doses 
of sitagliptin and pioglitazone. The improvements in HbA1c 
with maximum doses of sitagliptin and pioglitazone were 
consistent with their respective drug product labels for the 
treatment of type 2 diabetes on metformin background.17,18 
Thus, these data suggest that exenatide once weekly off ers 
clinically important improvements in patients not achieving 
adequate glycaemic control on metformin alone. Although 
HbA1c reduction during the fi rst 26 weeks of treatment is 
not predictive of the durability of glycaemic improvements, 
all three drugs have shown sustained improvements in 
glycaemic control up to 2 years.19–21

To achieve optimum treatment of type 2 diabetes, 
clinicians should also consider the eff ects of treatment on 
weight and intermediate cardiovascular measures, such as 
blood pressure and lipids. Exenatide once weekly was 
associated with signifi cantly greater weight loss and 
weight loss in more patients than were sitagliptin or 
pioglitazone. The reduction in systolic blood pressure 
recorded with exenatide once weekly was similar to 
previous reports with exenatide twice daily,22,23 and 
signifi cantly greater than was that recorded with sitagliptin. 
Improvement in lipids and markers of cardiovascular risk 
were noted to varying degrees with all treatments. In 
agreement with the established eff ects of pioglitazone on 
blood lipids,24 pioglitazone was associated with the greatest 
improvement in HDL cholesterol and triglycerides, and 
was the only drug associated with an increase in total 
cholesterol. Exenatide once weekly was the only treatment 
associated with favourable mean changes in all lipid 
parameters. Consistent with the reduction in systolic 
blood pressure, exenatide signifi cantly decreased the ratio 
of albumin to creatinine. All treatments were associated 
with improved high-sensitivity C-reactive protein and 
adiponectin, although the absence of a placebo comparator 
restricts the conclusions that can be drawn with respect to 
treatment-related changes from baseline.25 Further studies 
are warranted to establish whether the changes in 
cardiovascular markers reported in our trial will translate 
into a reduction in cardiovascular outcomes. However, our 
report of the eff ects of these drugs on bodyweight, blood 
pressure, lipids, and markers of cardiovascular risk could 
be important considerations for some patients.

Adverse events were generally mild to moderate and 
consistent with previous reports. Notably, this double-
blind, double-dummy trial did not show a diff erence in 
the overall safety profi le between the three treatment 

groups. All three drugs, on a background of metformin, 
had low frequency of hypoglycaemia and no cases of 
severe hypoglycaemia. Thus, each of these drugs could 
be considered when risk of hypoglycaemia is a 
concern.2 As in previous trials with exenatide, mild-to-
moderate gastrointestinal events, including nausea, 
diarrhoea, and vomiting were the main adverse events 
associated with treatment, and should be taken into 
account when assessing exenatide as a potential 
treatment.14,26–29 These events occurred less frequently 
with sitagliptin and pioglitazone, and did not 
signifi cantly aff ect participation.

Our study is limited by the fact that we did not study all 
classes of potential adjunctive drugs, particularly basal 
insulin and sulphonylureas. A direct comparison is also 
warranted with 1·8 mg liraglutide, which is a modifi ed 
version of GLP-1 that is taken once daily. In combination 
with metformin in patients predominantly on metformin 
background, 26 weeks’ treatment with 1·8 mg liraglutide 
resulted in a greater reduction in HbA1c (–1·3%) than did 
metformin alone (–0·4%), with similar weight loss and 
occurrence of nausea as we recorded with exenatide.30 
Assessment of intermediate outcome markers (eg, HbA1c, 
bodyweight, blood pressure, fasting lipid profi le) rather than 
long-term outcomes, such as mortality and cardiovascular 
disease, is also a limitation. Although long-term outcome 
studies of GLP-1-related therapies are needed, our study 
provides one of the most comprehensive direct comparisons 
of key intermediate outcome markers with adjunctive 
treatments to metformin. The improvements in HbA1c and 
bodyweight with once weekly exenatide suggest that this 
drug should be considered as an adjunct to metformin in 
patients needing improvements in glucose control and 
bodyweight, and in whom the risk of hypoglycaemia needs 
to be kept to a minimium.
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