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Summary
Background Addition of a sulphonylurea to metformin improves glycaemic control in type 2 diabetes, but is associated 
with hypoglycaemia and weight gain. We aimed to compare a dipeptidyl peptidase-4 inhibitor (linagliptin) against a 
commonly used sulphonylurea (glimepiride).

Methods In this 2-year, parallel-group, non-inferiority double-blind trial, outpatients with type 2 diabetes and glycated 
haemoglobin A1c (HbA1c) 6·5–10·0% on stable metformin alone or with one additional oral antidiabetic drug (washed 
out during screening) were randomly assigned (1:1) by computer-generated random sequence via a voice or web 
response system to linagliptin (5 mg) or glimepiride (1–4 mg) orally once daily. Study investigators and participants 
were masked to treatment assignment. The primary endpoint was change in HbA1c from baseline to week 104. 
Analyses included all patients randomly assigned to treatment groups who received at least one dose of treatment, 
had a baseline HbA1c measurement, and had at least one on-treatment HbA1c measurement. This trial is registered at 
ClinicalTrials.gov, number NCT00622284.

Findings 777 patients were randomly assigned to linagliptin and 775 to glimepiride; 764 and 755 were included in 
analysis of the primary endpoint. Reductions in adjusted mean HbA1c (baseline 7·69% [SE 0·03] in both groups) were 
similar in the linagliptin (−0·16% [SE 0·03]) and glimepiride groups (−0·36% [0·03]; diff erence 0·20%, 97·5% CI 
0·09–0·30), meeting the predefi ned non-inferiority criterion of 0·35%. Fewer participants had hypoglycaemia 
(58 [7%] of 776 vs 280 [36%] of 775 patients, p<0·0001) or severe hypoglycaemia (1 [<1%] vs 12 [2%]) with linagliptin 
compared with glimepiride. Linagliptin was associated with signifi cantly fewer cardiovascular events (12 vs 26 patients; 
relative risk 0·46, 95% CI 0·23–0·91, p=0·0213).

Interpretation The results of this long-term randomised active-controlled trial advance the clinical evidence and 
comparative eff ectiveness bases for treatment options available to patients with type 2 diabetes mellitus. The fi ndings 
could improve decision making for clinical treatment when metformin alone is insuffi  cient.

Funding Boehringer Ingelheim.

Introduction
Diabetes mellitus, mainly the type 2 form, is a major 
public health issue globally and aff ected about 347 million 
individuals worldwide in 2008 (almost 10% of adults).1 
Affl  icting 138 million people in China and India alone, 
diabetes exerts a substantial morbidity burden in 
developing countries as well as industrialised nations, 
and ageing and population growth is likely to intensify 
this burden.1 Metformin is widely accepted as the fi rst-
line oral agent in the treatment of type 2 diabetes.2 
However, many patients on metformin monotherapy are 
unable to achieve or maintain long-term glycaemic 
control, mostly because of a progressive loss of insulin 
secretory function.3 When metformin alone is insuf-
fi cient, the choice of second-line treatment is challenging 
and there is no clear consensus on the optimum 
approach, although algorithms provide some guidance.2,4 
Eff orts are ongoing to address this comparative-evidence 

gap—notably, the planned GRADE trial, although this 
study will not produce results for about 8 years.

At present, the most common next step in treatment 
when a patient is not reaching their glycated haemoglobin 
A1c (HbA1c) target is to add a sulphonylurea.2 This com-
bination treatment off ers improvements in glycaemic 
control, but is associated with hypoglycaemia and weight 
gain, both of which can have a potentially negative eff ect 
on cardiovascular risk, quality of life, and treatment 
adherence.5–7 Until evidence emerges from long-term 
studies, short-term head-to-head trials of sulphonylureas 
versus other individual antihyperglycaemic agents could 
provide data to inform treatment decisions. Linagliptin is 
an oral, once-daily dipeptidyl peptidase-4 (DPP-4) 
inhibitor licensed in 2011 that improves glycaemic 
control by preventing the rapid degradation of incretin 
hormones, with a resulting glucose-dependent increase 
in stimulation of insulin secretion and inhibition of 

For more on the GRADE trial see 
http://www2.bsc.gwu.edu/bsc/
oneproj.php?pkey=60
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glucagon secretion. HbA1c reductions, ranging from 
0·6% to 0·9%, with a low risk of hypoglycaemia and no 
weight gain, were reported when linagliptin was given 
either alone8 or in combination with metformin9 in 
patients with type 2 diabetes.

The aim of this hypothesis-driven study was to assess 
the long-term effi  cacy and safety of linagliptin compared 
with a commonly used sulphonylurea (glimepiride) as 
second-line treatment in participants with type 2 diabetes 
inadequately controlled on metformin. Additionally, as 
part of a large phase 3 programme, this study pro-
spectively assessed cardiovascular safety.

Methods
Study design and patients
This randomised, double-blind, parallel-group, active-
controlled, non-inferiority trial was undertaken at 
209 sites that included primary and secondary care 
centres in 16 countries (Bulgaria, Denmark, France, 
Germany, Hong Kong, Hungary, India, Ireland, Italy, 
Netherlands, Norway, Poland, South Africa, Sweden, the 
UK, and the USA). The study consisted of a 2-week run-
in with or without a previous 6-week washout period, 
followed by 104-week double-blind treatment, and 1-week 
follow-up.

Study investigators, at their discretion, approached 
individuals from their centres deemed appropriate to 
enrol for screening. Eligible study participants were 
aged 18–80 years, had type 2 diabetes, were receiving 
metformin at a stable dose of 1500 mg/day or more (or a 
maximum tolerated dose less than 1500 mg/day) alone or 
with one other oral antidiabetic drug, and had HbA1c 
6·5–10·0% (on metformin alone) or 6·0–9·0% (on 
metformin and one additional oral antidiabetic drug) and 
a body-mass index (BMI) of 40 kg/m² or less irrespective 
of ethnicity. The main exclusion criteria were diagnoses 
of myocardial infarction, stroke, or transient ischaemic 
attack in the 6 months before screening, impaired hepatic 
function at screening, and treatment with rosiglitazone, 
pioglitazone, a glucagon-like peptide 1 (GLP-1) analogue 
or agonist, insulin, or an antiobesity drug in the 3 months 
before screening. Drug histories were recorded by 
investigators on case report forms as free text or against 
tick boxes for specifi c co-treatments of interest.

The study was undertaken according to the Declaration 
of Helsinki and Good Clinical Practice principles. The 
protocol was approved by the independent ethics com-
mittee or institutional review board for each participating 
site. A data safety monitoring board reviewed safety data 
after a 52-week interim analysis and recommended that 
the study continue to 104 weeks. All participants provided 
written informed consent before participation.

Procedures
Participants receiving metformin monotherapy entered a 
2-week open-label placebo run-in period. Those receiving 
metformin and one additional oral antidiabetic drug 

entered a 6-week washout period followed by the 2-week 
open-label placebo run-in. By the start of the placebo run-
in, the HbA1c inclusion criterion was 6·5–10·0% for all 
participants. Participants meeting the eligibility criteria 
at the end of the placebo run-in were randomly assigned 
in a 1:1 ratio to double-blind, double-dummy treatment 
with linagliptin (5 mg once daily) or glimepiride (initially 
1 mg once daily) added to ongoing metformin (dose 
unchanged throughout the study). After the starting dose 
of 1 mg once daily, glimepiride was uptitrated stepwise in 
1 mg increments up to a maximum of 4 mg once daily, at 
4-week intervals during the fi rst 12 weeks of treatment. 
Glimepiride was uptitrated by investigators if the 
patients’ self-monitored fasting plasma glucose (FPG) 
values were greater than 6·1 mmol/L. At any time, 
glimepiride could be downtitrated to prevent recurrent 
hypoglycaemic events.

During double-blind treatment, all participants outside 
the USA received one tablet and one capsule daily: either 
one 5 mg tablet of linagliptin plus one placebo capsule, 
or one glimepiride capsule plus one placebo tablet. 
Participants in the USA (where the 3 mg glimepiride 
capsule was unavailable) received one tablet and two 
capsules daily: either one 5 mg linagliptin tablet plus two 
placebo capsules, or one 1 mg, 2 mg, or 4 mg glimepiride 
capsule plus one placebo capsule plus one placebo 
tablet, or one 1 mg glimepiride capsule plus one 2 mg 
glimepiride capsule plus one placebo tablet. Participants 
were instructed to take their study drug at the same time 
every day with water (150 mL).

Rescue treatment (pioglitazone) could be started during 
the trial if a participant had a confi rmed FPG higher than 
13·3 mmol/L at any visit or HbA1c higher than 8·5% from 
week 28 to week 104. If participants did not meet these 
prespecifi ed glycaemic control criteria despite rescue 
treatment, they discontinued participation in the trial. 
Treatment adherence was defi ned as the number of tablets 
or capsules taken since the last count, as a percentage of 
the number that should have been taken, and was assessed 
by study personnel who counted remaining tablets or 
capsules brought by patients at each visit. Non-adherence 
(<80% or >120%) was treated as a protocol violation.

The primary effi  cacy endpoint was change in HbA1c 
from baseline to week 104. The two key secondary 
endpoints were occurrence of hypoglycaemic episodes 
up to 104 weeks and change in bodyweight from baseline 
to week 104. Other secondary endpoints were change in 
HbA1c from baseline to week 52, HbA1c reduction over 
time, occurrence of HbA1c on treatment of less than 7·0% 
or less than 6·5% at week 104, occurrence of HbA1c 
reduction of 0·5% or greater at week 104, change in FPG 
from baseline to week 52 and 104, change in 2-h 
postprandial glucose from baseline to week 104 during a 
meal tolerance test in a subset of participants who 
received a standardised breakfast of two nutrition bars 
and a drink (Ensure Plus, Abbott Nutrition, Columbus, 
OH, USA), and changes from baseline in total cholesterol, 
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LDL cholesterol, HDL cholesterol, and triglycerides. The 
changes in plasma proinsulin/insulin ratio and in 
homoeostasis model assessment of insulin resistance 
(HOMA-IR) from baseline to week 104 were used to 
indirectly assess pancreatic β-cell function and insulin 
resistance.

Safety and tolerability endpoints included the incidence 
and intensity of adverse events, withdrawals because 
of adverse events, physical examination, 12-lead 
electrocardiogram, vital signs, and clinical laboratory 
measures. Hypoglycaemic events and severe hypo-
glycaemic episodes were also recorded.10 Additionally, a 
masked independent clinical event committee prospect-
ively reviewed all reported treatment-emergent fatal 
events, suspected events of stroke, myocardial ischaemia 
(including myocardial infarction), admission to hospital 
for heart failure, stent thrombosis, and revascularisation 
procedures. The committee members evaluated whether 
prespecifi ed criteria for adjudication endpoints (cardio-
vascular death, stroke, myocardial infarction, and admis-
sion to hospital for unstable angina) were met. All 
adverse events including those persisting after study 
completion were followed up by investigators until they 
had resolved or been suffi  ciently characterised. Any 
serious or signifi cant adverse events were reported 
immediately to the sponsor.

Randomisation and masking
Treatment assignment was done with a computer-
generated random sequence, stratifi ed by HbA1c (<8·5% 
vs ≥8·5%) and previous use of an oral antidiabetic drug 
(metformin monotherapy vs metformin plus another 
drug). Assignment used a central interactive voice or web 
response system with randomisation codes generated by 
the study sponsor. Study investigators and participants 
were masked to treatment assignment for the duration of 
the trial. Placebo and active treatments were identical in 
appearance. Only dedicated personnel could access the 
randomisation codes for treatment assignment, and 
could provide access in an emergency only.

Statistical analysis
SAS version 9.2 was used for all analyses. On the 
assumption of an SD of change in HbA1c from baseline of 
1·3%, a sample size of 707 participants per treatment 
group was needed for 90% power to show non-inferiority 
through a 97·5% CI for treatment diff erence in the 
adjusted mean change from baseline to endpoint of less 
than 0·35% HbA1c at the level of α=0·0125 (one-sided).

The primary effi  cacy analysis of change in HbA1c was 
assessed with ANCOVA with treatment and previous use 
of oral antidiabetic drugs as fi xed factors and baseline 
HbA1c as a linear covariate. This analysis was done on the 
full analysis set using last observation carried forward to 
impute missing data; the full analysis set included all 
patients randomly assigned to study groups who received 
at least one dose of treatment, had a baseline HbA1c 

measurement, and had at least one on-treatment HbA1c 
measurement. The study included an interim analysis at 
52 weeks and a full analysis at 104 weeks. Consequently, 
to protect the total α at 0·05 (two-sided) despite multiple 
testing of the primary endpoint, the total α level was 
divided to give α of 0·025 (two-sided) for the interim and 
full analysis. Thus, non-inferiority for HbA1c was tested 
with a 97·5% confi dence interval rather than the standard 
95% CI. Additionally, the α of 0·0125 (one-sided) was 
chosen to test for non-inferiority, which is one-sided by 
defi nition.

Sensitivity analyses repeated the primary effi  cacy 
analysis using the per-protocol set (PPS) completers 
(observed cases; included patients in the full analysis 
set who did not have important protocol violations, 
completed at least 684 days of treatment, and had HbA1c 
measured at week 104). Additionally, to identify which 
patients benefi ted most from treatment, a post-hoc 
responder analysis of change in HbA1c from baseline to 

2283 patients screened

731 excluded*
496 did not meet inclusion criteria

56 met exclusion criteria
91 withdrew consent
14 adverse events
10 lost to follow-up
77 other

1 not treated

1552 randomised

1551 in treated set†

776 linagliptin 775 glimepiride

FAS, n=764§
PPS completers, n=447¶
Completers cohort, n=233||
MTT set, n=230**

FAS, n=755§
PPS completers, n=458¶
Completers cohort, n=271||
MTT set, n=232**

189 discontinued
61 adverse events‡
45 lack of efficacy
12 non-adherence
11 lost to follow-up
27 refused to continue drug
33 other

171 discontinued
90 adverse events‡
15 lack of efficacy

5 non-adherence
13 lost to follow-up
24 refused to continue drug
24 other

Figure 1: Trial profi le
*One patient might have had more than one inclusion or exclusion criterion. †Treated set included randomised 
patients who received at least one dose of treatment. ‡Recorded by the investigators on the discontinuation page. 
§Full analysis set (FAS) included randomised patients who received at least one dose of treatment, had a baseline 
glycated haemoglobin A1c (HbA1c) measurement, and had at least one on-treatment HbA1c measurement. 
¶Per-protocol set (PPS) completers included patients in FAS who did not have important protocol violations, 
completed at least 684 days of treatment, and had HbA1c measured at week 104. ||Completers cohort included PPS 
completers who met specifi c glycaemic targets (from week 4 to week 12, fasting plasma glucose [FPG] 
≤13·3 mmol/L; after week 12 through week 16, FPG ≤12·2 mmol/L; after week 16 to week 28, FPG ≤11·1 mmol/L; 
after week 28 to week 52, HbA1c ≤8%; and after week 52 to week 104, HbA1c ≤7·5%). **Meal tolerance test (MTT) 
set included patients in the FAS who had a valid MTT done at baseline and once on treatment.
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week 104 was done on t he completers cohort, which was 
defi ned in an identical way to the per-protocol cohort 
used in a comparative study of sitagliptin and glipizide.11 
The completers cohort consisted of PPS completers who 
met specifi c glycaemic targets to remain in the study 
without the use of rescue treatment (FPG ≤13·3 mmol/L, 
week 4–12; FPG ≤12·2 mmol/L, week 12–16; FPG 
≤11·1 mmol/L, week 16–28; HbA1c ≤8·0%, week 28–52; 
and HbA1c ≤7·5%, week 52–104).

The analyses we have described for change in HbA1c 
were also done for change in FPG. Changes in 2-h 
postprandial glucose, plasma proinsulin:insulin ratio, 
and HOMA-IR were assessed with ANCOVA. Change in 
postprandial glucose was done on the meal tolerance test 
set (last observation carried forward). Changes in plasma 
proinsulin:insulin ratio and in HOMA-IR included the 
full analysis set (last observation carried forward).

The key secondary analysis of the occurrence of 
hypoglycaemic events was assessed with the Cochran-
Mantel-Haenszel test on the treated set (all patients 
randomly assigned to study groups who received at least 
one dose of study drug) and the key secondary analysis of 
the change from baseline in bodyweight was assessed 
with an ANCOVA model done on the full analysis set 
(last observation carried forward). Safety analyses were 
done on the treated set with descriptive statistics. The 
relative risk (RR) of cardiovascular events after treatment 
was compared with a χ² test.

The trial is registered at ClinicalTrials.gov, number 
NCT00622284.

Role of the funding source
The sponsor was involved in study design, data col-
lection, data review, and data analysis. All authors had 
full access to the data and had fi nal responsibility for the 
content of the manuscript. BG had the fi nal decision to 
submit for publication.

Results
The trial took place between Feb 12, 2008, and Dec 21, 
2010. 1552 participants were randomly assigned to 
receive either linagliptin (n=777) or glimepiride (n=775) 
in addition to metformin (fi gure 1). Of 1551 patients 
who received study drug, 1191 (77%) completed the 
2-year study (587 [76%] of 777 on linagliptin vs 604 [78%] 
of 775 on glimepiride). The primary reasons for discon-
tinuation were adverse events and lack of therapeutic 
eff ect. Loss to follow-up was similarly low in both 
treatment groups. The proportion of participants who 
started rescue treatment during the study was similar 
between groups (189 [25%] of 764 patients on linagliptin 
vs 162 [21%] of 755 on glimepiride; p=0·117). At least 
93% of patients (1377 of 1463) were adherent with study 
drug dosing through out the trial. Mean exposure to 
study treatment was 627·2 (SD 212·8) days in the 
linagliptin group and 624·8 (227·2) days in the 
glimepiride group. Median exposure was 729 days in 
both the linagliptin (IQR 713–735) and glimepiride 
(721–735) groups.

Demographic and clinical characteristics were well 
balanced between treatment groups (table 1). During the 
study, mean glimepiride daily dose was 2·7 (SD 1·1) mg 
at week 12 and reached a plateau at 3·0 (SD 1·2) mg from 
week 28 to week 104. Cardiovascular risk factors at 
baseline were well balanced between treatment groups 
(appendix p 1). Most participants (1419 [91%] of 1551) 
received other treatments in addition to study drugs, 
most commonly antihypertensive agents, lipid-lowering 
agents, and aspirin, and the prescription pattern was 
similar in both treatment groups. The proportion of 
participants starting these drugs during the treatment 
period was slightly lower in the linagliptin group than in 
the glimepiride group: antihypertensive agents (174 [22%] 
of 776 patients on linagliptin vs 212 [27%] of 775 on 

Linagliptin 
(n=776)

Glimepiride 
(n=775)

Age (years) 59·8 (9·4) 59·8 (9·4)

<65 years 525 (68%) 520 (67%)

≥65 years 251 (32%) 255 (33%)

Sex

Male 462 (60%) 471 (61%)

Female 314 (40%) 304 (39%)

Ethnic origin

White 660 (85%) 659 (85%)

Asian 94 (12%) 96 (12%)

Black or African American 20 (3%) 18 (2%)

Other 2 (<1%) 2 (<1%)

Bodyweight (kg) 86·1 (17·6) 86·8 (16·7)

Body-mass index (kg/m²) 30·2 (4·8) 30·3 (4·6)

Type 2 diabetes duration*

≤1 year 50 (7%) 58 (8%)

>1 year and ≤5 years 316 (41%) 291 (39%)

>5 years 398 (52%) 406 (54%)

HbA1c* (%) 7·7% (0·9) 7·7% (0·9)

HbA1c <7% 173 (23%) 162 (21%)

HbA1c ≥7% and <8% 318 (42%) 346 (46%)

HbA1c ≥8% and <9% 203 (27%) 175 (23%)

HbA1c ≥9% 70 (9%) 72 (10%)

FPG* (mmol/L) 9·1 (2·4) 9·2 (2·3)

Use of OAD at screening*

Monotherapy 535 (70%) 534 (71%)

Dual therapy 228 (30%) 220 (29%)

Triple therapy 1 (<1%) 1 (<1%)

Metformin dose*

<1500 mg 58 (8%) 44 (6%)

≥1500 mg 706 (92%) 711 (94%)

Data are n (%) or mean (SD). HbA1c=glycated haemoglobin A1c. FPG=fasting 
plasma glucose. OAD=oral antidiabetic drug. *Full analysis set (linagliptin, n=764; 
glimepiride, n=755).

Table 1: Demographic and baseline clinical characteristics in the treated 
set of patients

See Online for appendix
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glimepiride), lipid-lowering agents (77 [10%] vs 102 [13%]), 
and acetylsalicylic acid (70 [9%] vs 73 [9%]).

After 2 years of treatment, linagliptin was non-inferior 
to glimepiride in reducing HbA1c (table 2). At week 104, 
adjusted mean changes in HbA1c from a baseline of 7·7% 
were −0·16% with linagliptin and −0·36% with 
glimepiride in the full analysis set; the diff erence between 
treatment groups met the non-inferiority criterion and 
was 0·20% (97·5% CI 0·09–0·30; p=0·0004, <0·0125 [one-
sided]). HbA1c changes with linagliptin and glimepiride 
across subgroups of BMI and ethnic origin were consistent 
with the overall changes (data not shown). At week 52, 
adjusted mean changes in HbA1c were −0·38% (SE 0·03) 
with linagliptin versus −0·60% (0·03) with glimepiride in 
the full analysis set (diff erence 0·22%, 97·5% CI 
0·13–0·31; p=0·0007, <0·0125 [one-sided]).

At week 104 in the PPS completers, adjusted mean 
changes in HbA1c from a baseline of 7·4% and 7·5% were 
−0·35% with linagliptin versus −0·53% with glimepiride 
(table 2); the diff erence between treatment groups was 
0·17% (97·5% CI 0·07–0·28; p=0·0001, <0·0125 [one-
sided]). In the completers cohort, adjusted mean changes 
in HbA1c (fi gure 2) from a baseline of 7·2% and 7·3% to 
week 104 were −0·56% with linagliptin versus −0·63% 
with glimepiride; the treatment diff  erence was 0·08% 
(95% CI 0·00–0·15; p=0·0468, <0·05 [two-sided]). With 
the exception of better glycaemic control at baseline in 
the completers cohort than in the full analysis set (HbA1c 
7·3% vs 7·7%, 87% vs 66% of patients with HbA1c <8%, 
FPG 8·3 mmol/L vs 9·2 mmol/L; appendix p 1), there 
were no diff erences in other clinical and anthropometric 
measures.

HbA1c less than 7% at week 104 was achieved by 
232 (30%) of 764 patients on linagliptin and 263 (35%) of 
755 on glimepiride in the full analysis set. Similar results 
were seen in the completers cohort, but in a greater 
proportion (176 [76%] of 233 patients on linagliptin vs 
207 [76%] of 271 on glimepiride). HbA1c less than 6·5% 
was achieved by 92 (12%) of 764 patients in the linagliptin 
group and 120 (16%) of 755 in the glimepiride group in the 
full analysis set. 200 (26%) of 764 patients on linagliptin 
and 253 (34%) of 755 on glimepiride in the full analysis set 
achieved an HbA1c reduction of 0·5% or greater.

Both treatment groups had adjusted mean decreases in 
FPG at week 104 (−0·13 [SE 0·08] mmol/L with linagliptin 
vs −0·48 [0·08] mmol/L with glimepiride); the treatment 
diff erence was 0·35 mmol/L (95% CI 0·14–0·57; 
p=0·0012, <0·05 [two-sided]). At week 52, adjusted mean 
decreases in FPG were –0·48 (SE 0·07) mmol/L with 
linagliptin and –0·90 (0·07) mmol/L with glimepiride 
(diff erence 0·42 mmol/L, 95% CI 0·24–0·61; p<0·0001). 
In the meal tolerance test set, both treatment groups 
showed adjusted mean decreases in 2-h postprandial 
glucose (−1·58 [SE 0·24] mmol/L with linagliptin vs 
−1·04 [0·24] mmol/L with glimepiride); the treatment 
diff erence was −0·54 mmol/L (95% CI −1·17 to 0·09; 
p=0·0918). The adjusted mean changes in total glucose 

area under the curve during 2 h after the test meal were 
−2·90 (SE 0·43) mmol*h/L with linagliptin versus 
−1·70 (0·43) mmol*h/L with glimepiride (treat ment 
diff erence −1·21 mmol*h/L, 95% CI −2·33 to −0·09; 
p=0·0347, <0·05 [two-sided]).

Figure 2: Timecourse of adjusted* mean HbA1c values over 2 years in the completers cohort†
Error bars show SE. HbA1c=glycated haemoglobin A1c. *Model includes treatment, baseline HbA1c, and number of 
previous oral antidiabetic drugs. †Completers cohort equivalent to per-protocol set completers cohort used in 
previous comparative study of a dipeptidyl peptidase-4 inhibitor versus a sulphonylurea.11
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7·4 Glimepiride plus metformin (n=271)
Linagliptin plus metformin (n=233)

4 8 12 16 28 40
Treatment duration (weeks)
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Linagliptin Glimepiride Diff erence (linagliptin–glimepiride)

Adjusted* 
mean (SE, %)

CI p value

HbA1c in full analysis set (LOCF)

n 764 755 ·· ·· ··

Mean at baseline (SE, %) 7·69% (0·03) 7·69% (0·03) ·· ·· ··

Change from baseline

Mean (SE, %) –0·21% (0·03) –0·41% (0·03) ·· ·· ··

Adjusted* mean (SE, %) –0·16% (0·03) –0·36% (0·03) 0·20% (0·05) 0·09–0·30† 0·0004‡

HbA1c in PPS completers (OC)

n 477 458 ·· ·· ··

Mean at baseline (SE, %) 7·43% (0·04) 7·53% (0·04) ·· ·· ··

Change from baseline

Mean (SE, %) –0·37% (0·04) –0·61% (0·04) ·· ·· ··

Adjusted* mean (SE, %) –0·35% (0·04) –0·53% (0·04) 0·17% (0·05) 0·07–0·28† 0·0001‡

HbA1c in the completers cohort

n 233 271 ·· ·· ··

Mean at baseline (SE, %) 7·17% (0·04) 7·31% (0·04) ·· ·· ··

Change from baseline

Adjusted* mean (SE, %) –0·56% (0·03) –0·63% (0·03) 0·08% (0·04) 0·00–0·15§ 0·0468¶

HbA1c=glycated haemoglobin A1c. LOCF=last observation carried forward. PPS=per-protocol set. OC=observed cases. 
*Model includes treatment, baseline HbA1c, and number of previous oral antidiabetic drugs. †97·5% CI. ‡p<0·0125, 
one-sided. §95% CI. ¶p<0·05, two-sided.

Table 2: Change in HbA1c from baseline to week 104
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The overall incidence of hypoglycaemic events was, 
signifi cantly, 4·8-times lower with linagliptin than with 
glimepiride (58 [7%] of 776 vs 280 [36%] of 775 patients; 
p<0·0001; appendix p 2). Notably, severe hypoglycaemia 
occurred in one patient receiving linagliptin compared 

with 12 patients receiving glimepiride (appendix p 2; no 
event was fatal). The frequency of events in patients who 
had hypoglycaemia was also lower in the linagliptin 
group (appendix p 2). The proportion of patients achieving 
HbA1c less than 7% and having at least one hypoglycaemic 
event was four-times lower with linagliptin than with 
glimepiride (31 [4%] of 776 vs 152 [20%] of 775 patients). 
Bodyweight decreased with linagliptin (−1·4 [SE 0·2] kg) 
but increased with glimepiride (1·3 [0·2] kg) from similar 
mean baseline values (86·0 [SE 0·7] vs 87·0 [0·6] kg); the 
treatment diff erence was −2·7 kg (97·5% CI −3·2 to −2·2, 
p<0·0001; appendix p 2).

Plasma proinsulin:insulin ratio and HOMA-IR de-
creased with linagliptin, but increased with glimepiride 
(−0·01 [SE 0·01] vs 0·03 [0·01] pmol/mU and −0·82 [0·19] 
vs 0·03 [0·19] [mU/L]×[mmol/L], respectively) from 
similar mean baseline values (0·20 [SE 0·01] vs 
0·19 [0·01] pmol/mU and 5·07 [0·18] vs 5·53 [0·23] 
[mU/L]×[mmol/L], respectively). Treatment diff erences 
were −0·04 pmol/mU (95% CI −0·06 to −0·03, p<0·0001) 
for proinsulin:insulin ratio and −0·85 (95% CI −1·37 to 
−0·33, p=0·0014) for HOMA-IR.

Lipid concentrations did not change substantially. 
Mean change in total cholesterol was 0·00 (SD 0·8) 
mmol/L with linagliptin (baseline 4·7 [SD 1·0] mmol/L) 
and 0·0 (0·9) mmol/L with glimepiride (baseline 4·7 [1·1] 
mmol/L). LDL cholesterol slightly increased with both 
linagliptin (0·03 [SD 0·69] mmol/L, baseline 2·64 [0·90] 
mmol/L) and glimepiride (0·09 [0·72] mmol/L, baseline 
2·56 [0·87] mmol/L). From baseline 1·22 (SD 0·32 and 
0·33, respectively) mmol/L, HDL cholesterol increased 
slightly with linagliptin (0·02 [0·38] mmol/L) and was 
virtually unchanged (–0·01 [0·18]) with glimepiride. 
Triglycerides decreased slightly in both the linagliptin 
group (0·11 [SD 1·52] mmol/L, baseline 2·04 [1·54] 
mmol/L) and the glimepiride group (0·07 [1·48] mmol/L, 
baseline 2·12 [1·41] mmol/L).

During the 2-year treatment period, the overall incidence 
of adverse events was lower with linagliptin than with 
glimepiride (table 3). The proportion of patients with drug-
related adverse events was also lower with linagliptin than 
with glimepiride. This diff erence was related mainly to the 
raised incidence of hypoglycaemia in the glimepiride 
group. Most adverse events in both treatment groups were 
mild or moderate in intensity. Table 3 summarises the 
most commonly reported events (>5% in any group). The 
proportion of patients with neoplasms or gastrointestinal 
or skin disorders was similar between treatment groups 
(table 3). Eight deaths (four in each group) occurred during 
treatment and none were judged by the investigator to be 
related to study drug. Causes of deaths in the linagliptin 
group were cardiorespiratory arrest, sudden cardiac death, 
bronchial carcinoma, and aortic aneurysm; causes of death 
in the glimepiride group were abdominal infection, 
sudden cardiac death, myocardial infarction, and meta-
static bronchial carcinoma or acute renal failure (serious 
adverse events are described in the appendix pp 3–5).

Linagliptin (n=776) Glimepiride (n=775)

Overall

Any adverse event 663 (85%) 706 (91%)

Serious adverse events 135 (17%) 162 (21%)

Drug-related adverse events 118 (15%) 300 (39%)

Adverse events leading to discontinuation* 60 (8%) 85 (11%)

Deaths 4 (1%) 4 (1%)

Most common adverse event (>5% in any treatment group), by preferred term

Hypoglycaemia 58 (7%) 280 (36%)

Nasopharyngitis 124 (16%) 125 (16%)

Back pain 71 (9%) 65 (8%)

Upper respiratory tract infection 62 (8%) 59 (8%)

Diarrhoea 53 (7%) 61 (8%)

Bronchitis 52 (7%) 61 (8%)

Arthralgia 63 (8%) 47 (6%)

Pain in extremity 41 (5%) 30 (4%)

Hypertension 48 (6%) 60 (8%)

Urinary tract infection 50 (6%) 52 (7%)

Headache 50 (6%) 40 (5%)

Dizziness 26 (3%) 48 (6%)

Cough 47 (6%) 38 (5%)

Hyperglycaemia 40 (5%) 41 (5%)

Adverse event of special interest, by system organ class

Neoplasms 42 (5%) 43 (6%)

Gastrointestinal disorders 215 (28%) 220 (28%)

Pancreatitis 1 (<1%) 0

Skin or subcutaneous tissue disorders 119 (15%) 95 (12%)

Data are n (%). *Recorded on case report forms.

Table 3: Summary of clinical adverse events during 2 years in the treated set of patients

Figure 3: Relative risk of cardiovascular events, independently adjudicated by a clinical event committee in 
the treated set of patients
*With continuity correction of 0·5. †From χ² test. ‡Patients who had at least one of the following events: 
cardiovascular death, myocardial infarction, stroke, and admission to hospital due to unstable angina. §Includes 
two patients who each had two diff erent cardiovascular events, and therefore the total (12) is less than the sum of 
patients who had individual cardiovascular events (14). ¶Including fatal stroke and fatal myocardial infarction.
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Prospectively captured and adjudicated major cardio-
vascular events occurred in 12 (2%) of 776 patients treat-
ed with linagliptin and 26 (3%) of 775 patients treated 
with glimepiride, resulting in an RR of 0·46 (95% CI 
0·23–0·91; p=0·0213) compared with glimepiride 
(fi gure 3). This fi nding was mainly attributable to a 
signifi cantly lower number of non-fatal strokes in 
patients on linagliptin compared with glimepiride 
(RR 0·27, 95% CI 0·08–0·97; p=0·0315) without any 
relation to a hypoglycaemic event. Laboratory variables 
and vital signs did not reveal any clinically signifi cant 
fi ndings. No notable diff erences in renal function were 
recorded between treatment groups.

Discussion
This long-term study showed that in patients with 
type 2 diabetes inadequately controlled on metformin, 
linagliptin was non-inferior to glimepiride in lowering 
HbA1c (treatment diff erence within the prespecifi ed non-
inferiority margin of 0·35%), but was associated with 
signifi cantly less hypoglycaemia and weight loss. 
Linagliptin was also associated with signifi cantly fewer 
cardiovascular events compared with glimepiride (panel).

Much evidence strongly suggests a benefi cial eff ect of 
good glycaemic control on the progression of micro-
vascular complications in diabetes,12 but the association 
between HbA1c and macrovascular complications re-
mains controversial.13-16 Nevertheless, HbA1c remains a 
strong predictor of patient outcomes and diabetes-
associated morbidity and mortality. Present guidelines 
recommend that HbA1c goals of less than 7% should be 
individually tailored for most adults with diabetes,2,4 
because concerns remain that aggressive glucose-
lowering treatment might increase cardiovascular risk.

As an add-on to metformin, both linagliptin and 
glimepiride caused signifi cant and sustained reductions 
in HbA1c as well as in fasting and postprandial glucose 
concentrations. This trial had fairly good retention and 
adherence rates. The percentage of patients receiving 
rescue treatment (roughly 22–25%) did not diff er 
signifi cantly between study groups. Previous studies of 
the same length comparing a DPP-4 inhibitor with a 
sulphonylurea reported failure to attain glycaemic control 
in about 52% of patients11 and use of rescue treatment in 
13–14%,17 although the criteria for failure and rescue were 
defi ned slightly diff erently between studies.

Of note, despite similar glucose-lowering effi  cacy, 
linagliptin was associated with fewer side-eff ects than 
was glimepiride with respect to hypoglycaemia risk, 
weight gain, and cardiovascular events. Since hypo-
glycaemia can have substantial negative clinical conse-
quences in terms of cognitive function, mortality, 
morbidity, adherence to treatment, and quality of life,18 its 
prevention is a crucial component of any diabetes 
management programme.4 However, hypoglycaemia 
continues to be the principal adverse eff ect and safety 
concern associated with the use of sulphonylureas.18

By improving insulin secretion independently of the 
ambient blood glucose concentration, sulphonylureas 
carry the risk of intermittent hyperinsulinaemic hypo-
glycaemia, a risk that increases substantially with age.19 
Data from the UK Hypoglycaemia Study group have 
shown that the risk of sulphonylurea-induced severe 
hypoglycaemia is nearly one in ten,20 a rate which was 
confi rmed in the present active-controlled study. Add-
itionally, up to 10% of episodes of sulphonylurea-induced 
severe hypoglycaemia in type 2 diabetes can be fatal.21 
In the present study, linagliptin was associated with a 
substantial reduction of frequency and severity of 
hypoglycaemic events compared with glimepiride. Since 
the glucose-lowering eff ects of DPP-4 inhibitors are 
largely dependent on raised blood glucose and subside as 
glucose concentrations return to normal, the probability 
of hypoglycaemia during treatment with linagliptin is 
inherently low.

Panel: Research in context

Systematic review
We searched PubMed and ISI Web of Science for randomised 
double-blind clinical trials of 52 weeks or longer in duration 
that compared a dipeptidyl peptidase-4 (DPP-4) inhibitor 
with a sulphonylurea in patients with type 2 diabetes 
receiving metformin (English language original research 
articles published before January, 2012; search terms were 
“dipeptidyl peptidase-4 inhibitor”, “sulphonylurea”, “type 2 
diabetes”, and synonyms). Three studies were identifi ed,11,17,24 
two comparing diff erent DPP-4 inhibitors with glipizide over 
1 year (saxagliptin)24 and 2 years (sitagliptin)11 and one that, 
like ours, compared a DPP-4 inhibitor (vildagliptin) with 
glimepiride during a 2-year period (although that study’s 
length and primary endpoint were changed after it began).17 
These studies showed non-inferior reductions in glycated 
haemoglobin A1c (HbA1c) with the DPP-4 inhibitor compared 
with the sulphonylurea, with lower risk of hypoglycaemia and 
no weight gain.

Interpretation
When metformin and lifestyle interventions fail to achieve 
glycaemic control in a patient with type 2 diabetes, the 
optimum choice for an additional pharmacotherapy is 
unclear. Although sulphonylureas are the most commonly 
added oral antidiabetic drugs in this scenario, the DPP-4 
inhibitors off er non-inferior glucose-lowering effi  cacy with a 
reduced risk of hypoglycaemia and weight gain, as shown by 
our study and the others we have described. Our study is the 
longest, to date, of linagliptin compared with a sulphonylurea 
and also used external prospective adjudication to rule on 
cases of possible cardiovascular events. A hypothesis-
generating fi nding from this study was that patients 
receiving the DPP-4 inhibitor had signifi cantly fewer 
cardiovascular events. These potential vascular eff ects will be 
further explored in ongoing cardiovascular outcomes studies 
of linagliptin and other DPP-4 inhibitors.
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Most patients with type 2 diabetes are overweight or 
obese22 and so weight management is also an integral 
part of treatment.23 However, sulphonylureas often cause 
weight gain.2 In our study, patients treated with 
glimepiride gained an average of 1·3 kg, whereas patients 
treated with linagliptin lost an average of 1·4 kg after 
2 years. The present study is consistent with previous 
trials of other DPP-4 inhibitors, which reported similar 
HbA1c reductions compared with sulphonylureas and 
reduced hypoglycaemia and weight gain.11,17,24

Interestingly, linagliptin treatment was associated with 
fewer cardiovascular events than was glimepiride. On one 
hand, the likelihood that this fi nding was due to chance 
(type 1 error) cannot be discounted, because the study was 
neither planned nor powered for cardio vascular outcomes. 
On the other hand, however, potential vascular eff ects of 
so-called gliptins might directly relate to their mode of 
action of DPP-4 inhibition or be a result of increased 
endogenous GLP-1 concen trations.25 Both mechanisms 
could account for the consistently described risk ratios of 
less than 1·0 as previously reported in pooled cardio-
vascular analyses of DPP-4 inhibitors.26–28 Alternatively, an 
increase in cardio vascular risk associated with sulphonyl-
ureas is another possibility that remains controversial, 
as shown by contradictory reports from retrospective 
studies in diff erent populations.29 To conclusively establish 
whether linagliptin reduces cardiovascular risk com-
pared with a sulphonylurea, a large trial (CAROLINA, 
NCT01243424) designed specifi cally to evaluate the eff ect 
of linagliptin versus glimepiride on cardiovascular out-
comes is under way. Cardiovascular outcomes studies of 
other DPP-4 inhibitors are also ongoing that, by contrast 
with CAROLINA, are comparing with placebo in addi-
tion to standard-of-care (NCT00790205, NCT01107886, 
NCT00968708).

Further limitations of the present study include that 
the study period of 2 years was fairly short to assess 
cardiovascular safety and does not allow defi nitive long-
term evaluation of treatment durability. Conversely, the 
robust design was a study strength that confers high 
internal validity for causal inference of the relative eff ects 
of linagliptin and glimepiride. The prespecifi ed, inde-
pendent adjudication of cardiovascular events was also a 
study strength that allowed improved characterisation of 
the cardiovascular safety profi le.

Although glycaemic control remains the central feature 
of type 2 diabetes management for all oral antidiabetic 
drugs, their side-eff ect profi les (including cardiovascular 
safety) are increasingly important to consider. The 
present study supports that linagliptin provides non-
inferior glucose-lowering effi  cacy with a reduced risk of 
hypoglycaemia and weight gain as compared with 
glimepiride. With respect to cardio vascular safety, 
presently we can only conclude that linagliptin treatment 
is not associated with increased cardiovascular risk, as 
was also noted in a pooled analysis of linagliptin phase 3 
trials including the present study.30 Our fi ndings support 

the use of linagliptin in com bination with metformin as 
a therapeutic option for treatment of type 2 diabetes. This 
study adds to the evidence base for evaluation of 
recommendations for second-line treatment after 
metformin. Ongoing studies will further inform future 
guidelines.
Contributors
BG participated in the study concept and design, patient enrolment, 
endpoint adjudication, and the collection, analysis, and interpretation of 
data. JR participated in the analysis and interpretation of data and 
actively revised and edited the report. TR participated in the study 
conduct and the analysis and interpretation of data. SB planned and did 
the statistical analysis. SP participated in the study conduct and the 
collection, analysis, and interpretation of data. MvE participated in the 
analysis and interpretation of data. KAD contributed to the study concept 
and design and participated in the interpretation of data. HJW 
participated in the study design and conduct, and the interpretation of 
data. All authors revised the report for important intellectual content and 
have seen and approved the fi nal version.

Principal investigators
Bulgaria Angel Angelov, Tsvetalina Tankova, Natalia Veleva, 
Emilena Vuchkova, Vladimir Christov; Denmark Steen Bønlykke Pedersen, 
Steen Madsbad, Nils Knudsen, Hans Henrik Lervang, Jan-Erik Henriksen, 
Andreas Kaal, Per Løgstrup Poulsen; France Bernard Charbonnel (National 
Coordinator), Jacques Marty, Loïc Boucher, Alain Boye, Jean-Marc Aroun, 
Bruno Lemarié, Gérard Constantin, Jean-François Hocquellet, 
Alain Campagne, Dominique Legay, Claude Magnani, 
Philippe Beignot-Devalmont, Jean-Baptiste Churet, Alain Queguiner; 
Germany Baptist Gallwitz, Ulrich Aigner, Thomas Behnke, 
Gerhard Klausmann, Christiane Klein, Roland Schätzl, Ernest Schell, 
Jürgen Stockhausen, Roland Braun, Klara Wilhelm, Henning Benduhn, 
Uwe Kleinecke-Pohl, Erika-Maria Oerter, Bärbel Hirschhäuser, 
Ronitta Malek, Björn Paschen, Thomas Schäfer, Jürgen Schmidt, 
Alexander Segner, Markolf Hanefeld, Christian Herrmann, 
Heidrun Mehling, Stephan Maxeiner, Holger Samer, Joachim Sauter, 
Christian Wagner, Thomas Haak, Hanns-Gerd Dammann, Thomas Segiet; 
Hong Kong SAR, China Francis Chun Chung Chow, Tai-pang Ip, 
Kathryn Tan; Hungary László Barkai, János Bárdos, Irén Földesi, 
András Gyimesi, Gábor Nyirati, Attila Pálinkás, Ferencz Poór, István Varga; 
India Vyankatesh Shivane, Harish Kumar, V. Mohan, Rakesh Sahay, 
Girithara Gopalakrishnan, Amalkumar Bhattacharya, V.N. Rajasekaran, 
Ajay Kumar; Ireland Graham Roberts, John Cox, Peter Harrington, 
David Molony, Seamus Sreenan, Brian O’Doherty; Italy Francesco Dotta, 
Renzo Cordera, Valter Donadon, Giorgio Zanette, Agostino Consoli, 
Paolo Di Bartolo, Luciano Fugazza, Giorgio Gambardella, Renato Lauro, 
Fausto Santeusanio, Riccardo Vigneri; Netherlands C P Buiks, H Mevissen, 
W Feis, M Al Hakim, P D M. Coenen, A de Jong, H F C M van Mierlo, 
S S Mulder, P A J M Emmers; Norway Odd Erik Johansen (national 
coordinator), Anne Pernille Ofstad (national coordinator), 
Hans Olav Hoivik, Pål Johan Vanberg, Andrea Bertz, Jan Lier; Poland 
Katarzyna Cypryk, Jerzy Loba, Elzbieta Bandurska-Stankiewicz, 
Magda Dabrowska, Justyna Klimkiewicz, Jeka Slawomir, 
Bozena Jachimczak, Olga Kolcowa, Anna Bochenek, Maria Gorska; 
South Africa Hendrik F M Nortje, Mary Seeber, Deepak R Lakha, 
Hermant A Makan, Mahomed A K Omar, Madelein Muller; Sweden 
Peter Nilsson, Ulla-Britt Ericsson, Anders Norrby, Arvo Hänni; UK 
David Russell-Jones, Ravi Pawa, Amjad Raja, Nitin Bagul, Hana Hassanin, 
Rex Sarmiento, Richard Martin, Shilpa Govindraj, Irina Pavel-Knox, 
Essam Abdulhakim, Alec Mushunje, Tahir Saleem, Charlie Bundy, 
Ronald Pieters Artsexamen, John Langan, Richard Gaunt, Nell Wyatt, 
Michael Gumbley, KatrinaYoung, John Petrie, Rory McCrimmon, 
Keith Richardson, Jerome Kerrane, Vernon Brown; USA Phillip Snell, 
Sharna Shachar, Marc S Rendell, Sam S Miller, Larry D Stonesifer, 
Daniel Weiss, Adina Zeidler, Bruce Taylor Bowling, Philip D Toth, 
Intekhab Ahmed, George Dailey, Leslie Joseph Klaff , James E Greenwald, 
Gene R Fuller, Alan G Wynne, Donald L McNeil, James I Fidelholtz, 
Thomas Fiel, William S Kaye, Michael Guice, Michael R Adams, 
Richard S Cherlin, Clinton N Corder, Daniel G Williams.



Articles

www.thelancet.com   Published online June 28, 2012   http://dx.doi.org/10.1016/S0140-6736(12)60691-6 9

Confl icts of interest
BG is a member of advisory boards for AstraZeneca, Bristol-Myers Squibb, 
Boehringer Ingelheim, Eli Lilly, Novartis, Novo Nordisk, Merck, Roche, 
Sanofi , and Takeda and has also received honoraria from these companies 
for giving lectures. JR has served on scientifi c advisory boards and received 
honorarium or consulting fees from Pfi zer, Roche, Sanofi , Novo Nordisk, 
Eli Lilly, MannKind, GlaxoSmithKline, Takeda, Daiichi Sankyo, 
Johnson & Johnson, Novartis, Boehringer Ingelheim, and Lexicon. He has 
also received grants or research support from Merck, Pfi zer, Sanofi , Novo 
Nordisk, Roche, Bristol-Myers Squibb, Eli Lilly, Forest, GlaxoSmithKline, 
Takeda, Novartis, AstraZeneca, Amylin, Johnson & Johnson, Daiichi 
Sankyo, MannKind, Lexicon, and Boehringer Ingelheim. TR, SB, SP, MvE, 
KAD, and HJW are employees of Boehringer Ingelheim.

Acknowledgments
This study was sponsored by Boehringer Ingelheim. We thank the patients 
who participated in this study, Barbara Uhlig-Laske for her assistance with 
global coordination of this trial, and Audrey Koïtka-Weber who was 
contracted by Boehringer Ingelheim to provide medical writing support.

References
1 Danaei G, Finucane MM, Lu Y, et al. National, regional, and global 

trends in fasting plasma glucose and diabetes prevalence since 
1980: systematic analysis of health examination surveys and 
epidemiological studies with 370 country-years and 2·7 million 
participants. Lancet 2011; 378: 31–40.

2 Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of 
hyperglycemia in type 2 diabetes: a patient-centered approach: 
position statement of the American Diabetes Association (ADA) 
and the European Association for the Study of Diabetes (EASD). 
Diabetes Care 2012; 35: 1364–79.

3 Turner RC, Cull CA, Frighi V, Holman RR. Glycemic control with 
diet, sulfonylurea, metformin, or insulin in patients with type 2 
diabetes mellitus: progressive requirement for multiple therapies 
(UKPDS 49). UK Prospective Diabetes Study (UKPDS) Group. 
JAMA 1999; 281: 2005–12.

4 Rodbard HW, Jellinger PS, Davidson JA, et al. Statement by an 
American Association of Clinical Endocrinologists/American 
College of Endocrinology consensus panel on type 2 diabetes 
mellitus: an algorithm for glycemic control. Endocr Pract 2009; 
15: 540–59.

5 Belsey J, Krishnarajah G. Glycaemic control and adverse events in 
patients with type 2 diabetes treated with metformin + sulphonylurea: 
a meta-analysis. Diabetes Obes Metab 2008; 10 (suppl 1): 1–7.

6 Pollack MF, Purayidathil FW, Bolge SC, Williams SA. 
Patient-reported tolerability issues with oral antidiabetic agents: 
associations with adherence; treatment satisfaction and 
health-related quality of life. Diabetes Res Clin Pract 2010; 87: 204–10.

7 Rao AD, Kuhadiya N, Reynolds K, Fonseca VA. Is the combination 
of sulfonylureas and metformin associated with an increased risk of 
cardiovascular disease or all-cause mortality?: a meta-analysis of 
observational studies. Diabetes Care 2008; 31: 1672–78.

8 Del Prato S, Barnett AH, Huisman H, Neubacher D, Woerle HJ, 
Dugi KA. Eff ect of linagliptin monotherapy on glycaemic control 
and markers of β-cell function in patients with inadequately 
controlled type 2 diabetes: a randomized controlled trial. 
Diabetes Obes Metab 2011; 13: 258–67.

9 Taskinen MR, Rosenstock J, Tamminen I, et al. Safety and effi  cacy 
of linagliptin as add-on therapy to metformin in patients with type 2 
diabetes: a randomized, double-blind, placebo-controlled study. 
Diabetes Obes Metab 2011; 13: 65–74.

10 American Diabetes Association Workgroup on Hypoglycemia. 
Defi ning and reporting hypoglycemia in diabetes: a report from the 
American Diabetes Association Workgroup on Hypoglycemia. 
Diabetes Care 2005; 28: 1245–49.

11 Seck T, Nauck M, Sheng D, et al. Safety and effi  cacy of treatment 
with sitagliptin or glipizide in patients with type 2 diabetes 
inadequately controlled on metformin: a 2-year study. 
Int J Clin Pract 2010; 64: 562–76.

12 Stratton IM, Adler AI, Neil HA, et al. Association of glycaemia with 
macrovascular and microvascular complications of type 2 diabetes 
(UKPDS 35): prospective observational study. BMJ 2000; 
321: 405–12.

13 Duckworth W, Abraira C, Moritz T, et al. Glucose control and 
vascular complications in veterans with type 2 diabetes. 
N Engl J Med 2009; 360: 129–39.

14 Gerstein HC, Miller ME, Byington RP, et al. Eff ects of intensive 
glucose lowering in type 2 diabetes. N Engl J Med 2008; 
358: 2545–59.

15 Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year 
follow-up of intensive glucose control in type 2 diabetes. 
N Engl J Med 2008; 359: 1577–89.

16 Patel A, MacMahon S, Chalmers J, et al. Intensive blood glucose 
control and vascular outcomes in patients with type 2 diabetes. 
N Engl J Med 2008; 358: 2560–72.

17 Matthews DR, Dejager S, Ahren B, et al. Vildagliptin add-on to 
metformin produces similar effi  cacy and reduced hypoglycaemic 
risk compared with glimepiride, with no weight gain: results from 
a 2-year study. Diabetes Obes Metab 2010; 12: 780–89.

18 Amiel SA, Dixon T, Mann R, Jameson K. Hypoglycaemia in type 2 
diabetes. Diabet Med 2008; 25: 245–54.

19 Abbatecola AM, Paolisso G, Corsonello A, Bustacchini S, 
Lattanzio F. Antidiabetic oral treatment in older people: does frailty 
matter? Drugs Aging 2009; 26 (suppl 1): 53–62.

20 UK Hypoglycaemia Study Group. Risk of hypoglycaemia in types 1 
and 2 diabetes: eff ects of treatment modalities and their duration. 
Diabetologia 2007; 50: 1140–47.

21 Gerich JE. Oral hypoglycemic agents. N Engl J Med 1989; 
321: 1231–45.

22 Smyth S, Heron A. Diabetes and obesity: the twin epidemics. 
Nat Med 2006; 12: 75–80.

23 ADA. Standards of medical care in diabetes—2011. Diabetes Care 
2011; 34 (suppl 1): S11–61.

24 Göke B, Gallwitz B, Eriksson J, Hellqvist A, Gause-Nilsson I. 
Saxagliptin is non-inferior to glipizide in patients with type 2 
diabetes mellitus inadequately controlled on metformin alone: 
a 52-week randomised controlled trial. Int J Clin Pract 2010; 
64: 1619–31.

25 Fadini GP, Avogaro A. Cardiovascular eff ects of DPP-4 inhibition: 
beyond GLP-1. Vascul Pharmacol 2011; 55: 10–16.

26 Schweizer A, Dejager S, Foley JE, Couturier A, Ligueros-Saylan M, 
Kothny W. Assessing the cardio-cerebrovascular safety of 
vildagliptin: meta-analysis of adjudicated events from a large Phase 
III type 2 diabetes population. Diabetes Obes Metab 2010; 12: 485–94.

27 Frederich R, Alexander JH, Fiedorek FT, et al. A systematic 
assessment of cardiovascular outcomes in the saxagliptin drug 
development program for type 2 diabetes. Postgrad Med 2010; 
122: 16–27.

28 Williams-Herman D, Engel SS, Round E, et al. Safety and tolerability 
of sitagliptin in clinical studies: a pooled analysis of data from 10,246 
patients with type 2 diabetes. BMC Endocr Disord 2010; 10: 7.

29 Tzoulaki I, Molokhia M, Curcin V, et al. Risk of cardiovascular 
disease and all cause mortality among patients with type 2 diabetes 
prescribed oral antidiabetes drugs: retrospective cohort study using 
UK general practice research database. BMJ 2009; 339: b4731.

30 Johansen OE, Neubacher D, von Eynatten M, Patel S, Woerle HJ. 
Cardiovascular safety with linagliptin in patients with type 2 diabetes 
mellitus: a pre-specifi ed, prospective, and adjudicated meta-analysis 
of a phase 3 programme. Cardiovasc Diabetol 2012; 11: 3.


	2-year efficacy and safety of linagliptin compared with glimepiride in patients with type 2 diabetes inadequately controlled on metformin: a randomised, double-blind, non-inferiority trial
	Introduction
	Methods
	Study design and patients
	Procedures
	Randomisation and masking
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


