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Mortality risk among sulfonylureas: a systematic review and 

network meta-analysis

Scot H Simpson, Jayson Lee, Sabina Choi, Ben Vandermeer, Ahmed S Abdelmoneim, Travis R Featherstone

Summary
Background Sulfonylureas are common second-line options for management of type 2 diabetes; however, they are 
associated with a higher risk of cardiovascular events compared with other antidiabetic drugs. Since tissue selectivity 
and risk of hypoglycaemia diff er among sulfonylureas, we aimed to assess whether mortality and the risk of 
cardiovascular events also varies.

Methods We searched Medline and Embase from inception to June 11, 2014, to identify controlled studies reporting 
the risk of all-cause mortality, cardiovascular-related mortality, or myocardial infarction for at least two sulfonylureas. 
We examined diff erences in cardiovascular event risk among sulfonylureas with random eff ects models for direct 
pairwise comparisons and network meta-analyses to incorporate direct and indirect data.

Findings 14 970 (9%) of 167 327 patients in 18 studies died: 841 (4%) of 19 334 gliclazide users, 5482 (11%) of 
49 389 glimepiride users, 2106 (15%) of 14 464 glipizide users, 5296 (7%) of 77 169 glibenclamide users, 1066 (17%) of 
6187 tolbutamide users, and 179 (23%) of 784 chlorpropamide users. Inconsistency was low for the network meta-
analysis of all-cause mortality, and the relative risk of death compared with glibenclamide was 0·65 (95% credible 
interval 0·53–0·79) for gliclazide, 0·83 (0·68–1·00) for glimepiride, 0·98 (0·80–1·19) for glipizide, 1·13 (0·90–1·42) 
for tolbutamide, and 1·34 (0·98–1·86) for chlorpropamide. Similar associations were noted for cardiovascular-related 
mortality: the relative risk compared with glibenclamide was 0·60 (95% credible interval 0·45–0·84) for gliclazide, 
0·79 (0·57–1·11) for glimepiride, 1·01 (0·72–1·43) for glipizide, 1·11 (0·79–1·55) for tolbutamide, and 1·45 (0·88–2·44) 
for chlorpropamide. 

Interpretation Gliclazide and glimepiride were associated with a lower risk of all-cause and cardiovascular-related 
mortality compared with glibenclamide. Clinicians should consider possible diff erences in risk of mortality when 
selecting a sulfonylurea.

Funding None.

Introduction
Sulfonylureas are recommended in clinical practice 
guidelines for management of patients with type 2 diabetes 
because they eff ectively lower blood glucose and reduce 
the risk of microvascular complications such as nephro-
pathy and retinopathy.1–3 However, debate regarding the 
cardiovascular safety of sulfonylureas is ongoing.4 Findings 
from several studies and meta-analyses suggest that 
sulfonylureas are associated with a signifi cantly higher 
risk of mortality and adverse cardiovascular events than 
metformin and other antidiabetic drugs.5–15

Two mechanisms are often proposed to explain the 
higher risk of adverse cardiovascular eff ects associated 
with sulfonylureas. The fi rst plausible biological 
mechanism centres on an extension of the benefi cial 
pharmacological action of sulfonylureas. These drugs 
bind to sulfonylurea receptors (SUR1) on pancreatic 
β cells and inhibit ATP-sensitive potassium channels; 
this process promotes insulin release and lowers blood 
glucose concentrations.16 However, sulfonylureas also 
bind to receptors on myocardial (SUR2A) and vascular 
smooth muscle (SUR2B) cells, so can inhibit cardiac 
ATP-sensitive potassium channels.16,17 Binding of 
sulfonylureas to SUR2A or SUR2B receptors can 

interfere with ischaemic conditioning—an endogenous 
cardiac protective mechanism—and possibly with 
cardiac conduction.18,19 Findings from studies of animal 
models have shown that sulfonylureas binding to 
SUR2A or SUR2B receptors can abolish the benefi cial 
eff ects of ischaemic conditioning.20,21 The affi  nity 
characteristics seem to vary among sulfonylureas 
towards SUR1, SUR2A, and SUR2B, with some—such 
as gliclazide—binding selectively to SUR1 when given at 
usual therapeutic doses, and others—such as 
glibenclamide—binding to sulfonylurea receptors in 
both the heart and pancreas when given at therapeutic 
doses.16,19,22

The second plausible mechanism for the higher risk of 
adverse cardiovascular eff ects associated with sul-
fonylureas involves hypoglycaemia—a common, well 
known adverse eff ect of sulfonylurea treatment. 
Episodes of hypoglycaemia can prolong the QT interval 
and are associated with cardiac ischaemia.23,24 
A prolonged QT interval and cardiac ischaemia can 
increase the risk of adverse cardiovascular events, such 
as ventricular arrhythmias, myocardial infarction, and 
sudden cardiac death.25 Diff erences in SUR1 receptor 
affi  nity and pharmacokinetic properties seem to create 

Lancet Diabetes Endocrinol 2014 

Published Online

October 23, 2014

http://dx.doi.org/10.1016/

S2213-8587(14)70213-X

See Online/Comment

http://dx.doi.org/10.1016/

S2213-8587(14)70217-7

Faculty of Pharmacy and 

Pharmaceutical Sciences 

(Prof S H Simpson MSc, 

J Lee BSc, S Choi BSc, 

A S Abdelmoneim MSc, 

T R Featherstone BSc) and 

Alberta Research Centre for 

Health Evidence, Faculty of 

Medicine (B Vandermeer MSc), 

University of Alberta, 

Edmonton, AB, Canada 

Correspondence to:

Prof Scot H Simpson, Faculty of 

Pharmacy and Pharmaceutical 

Sciences, 3-171 Edmonton Clinic 

Health Academy, University of 

Alberta, Edmonton, AB T6G 1C9, 

Canada

scot@ualberta.ca

ssimpson
Typewritten Text
Commentary from Dr. Pantalone attached at the end.



Articles

2 www.thelancet.com/diabetes-endocrinology   Published online October 23, 2014   http://dx.doi.org/10.1016/S2213-8587(14)70213-X

diff erences in the risk of hypoglycaemia, with 
glibenclamide, which has the highest affi  nity for SUR1,22 
having the highest risk among the sulfonylureas.26,27 
Other mechanisms that might explain the increased risk 
of cardiovascular events with sulfonylureas compared 
with other antidiabetic drugs include increased secretion 
of intact proinsulin, increased amount of visceral 
adipose tissue, and weight gain.28,29

Despite this controversy regarding cardiovascular 
safety, sulfonylureas remain the most commonly used 
second-line oral antidiabetic drugs in patients with 
type 2 diabetes when metformin monotherapy does 
not successfully control blood glucose or is contra-
indicated.30–33 Regardless of the mechanism, assessment 
of whether the risk of adverse cardiovascular events is 
similar among sulfonylureas is important. Ideally, the 
question of relative cardiovascular safety among 
sulfonylureas should be tested in a randomised 
controlled trial. Although seven studies have randomly 
allocated patients to more than one sulfonylurea and 
reported deaths or cardiovascular events, there are 
important limitations to this source of evidence.3,34–39 
First, the UK Prospective Diabetes Study (UKPDS)3 was 
the only trial to report cardiovascular events as 
prespecifi ed outcomes. Second, the remaining six 
randomised controlled trials34–39 were not designed to 
examine risk of adverse cardiovascular events and 
therefore had insuffi  cient power because of small 
sample sizes (30–1044 patients enrolled), short follow-
up (median 6 months), and few reported events 
(24 deaths in total). In the absence of defi nitive evidence 
from randomised controlled trials, observational 
studies and meta-analyses of these data can provide 
information to help guide treatment decisions.40

Network meta-analyses are regarded as an important 
source of information to compare the safety or effi  cacy of 
several treatment options.41 This analytical technique is 
increasingly used to synthesise evidence from both direct 
and indirect comparisons to assess the eff ect of diff erent 
treatment options on an outcome of interest.42,43

We undertook a network meta-analysis to compare the 
relative risk of mortality and adverse cardiovascular 
events among sulfonylureas. On the basis of our previous 
fi ndings,22,44 we hypothesised that gliclazide use would be 
associated with a signifi cantly lower risk of mortality 
and adverse cardiovascular events compared with 
glibenclamide use.

Methods
Search strategy and selection criteria
We followed standard methodology to undertake and 
report a systematic review and network meta-analysis.45–48 
We searched Medline and Embase from inception to 
June 11, 2014, with database-appropriate terms and text 
words for type 2 diabetes, sulfonylureas, and com parative 
study; we excluded review articles, editorials, 
commentaries, and animal studies (appendix). We 

supplemented the electronic database search by 
examining reference lists of potentially relevant studies 
and review articles that discussed cardiovascular safety of 
oral antidiabetic drugs.

All citations were eligible for inclusion regardless of 
language or publication year. Review authors worked in 
pairs to screen and review articles. The pairs diff ered at 
each stage of article selection. After duplicate citations 
were removed, two review authors independently screened 
the titles and abstracts to identify potentially relevant 
citations. A copy of the published article from each 
potentially relevant citation was obtained and examined 
independently by two review authors to establish whether 
it met all prespecified inclusion criteria: patients were 
adults with type 2 diabetes; group allocation was based on 
sulfonylurea use; the study reported at least two diff erent 
sulfonylurea groups; patients were followed up for at least 
30 days; and the number of all-cause deaths, cardiovascular-
related deaths, or myocardial infarctions were reported 
according to individual sulfonylurea. We excluded studies 
examining only one sulfonylurea to ensure that we 
gathered data for direct, within-study comparisons 
between two or more sulfonylureas for the network meta-
analysis. Study authors were contacted by email to obtain 
additional details if the publication did not contain all 
required information. Disagreements regarding study 
inclusion or exclusion were resolved by review by a third 
review author.

Data extraction and synthesis
One review author used a standardised form to extract 
data from each included study and a second review 
author verifi ed accuracy and completeness. The 
following study characteristics were recorded: lead 
author and year of publication, study design, country, 
period of study, antidiabetic drug use at enrolment, age, 
percentage of male participants, duration of diabetes, 
duration of follow-up, outcomes measured, sulfonylureas 
under study, number of patients who used each 
sulfonylurea, and number of patients who experienced 
each outcome. When an adjusted hazard ratio was 
reported in an observational study, we recorded the point 
estimate and 95% CI, reference group, and the other 
variables included in the fully adjusted model. 
Antidiabetic drug exposure was defi ned according to 
each study and categorised as new user (follow-up began 
with fi rst ever sulfonylurea prescription) or prevalent 
user (exposure assessed during a fi xed timepoint).

We assessed study quality with the 27-item Downs and 
Black49 checklist because we included a mixture of 
randomised controlled trials and observational studies. 
Two review authors (two of SHS, ASA, or TRF) 
independently assessed each included study and 
agreement on a quality score was reached by consensus.

After reviewing the included studies, we found that 
two studies from the USA enrolled patients from the 
same clinic database,50,51 three studies from Italy enrolled See Online for appendix



Articles

www.thelancet.com/diabetes-endocrinology   Published online October 23, 2014   http://dx.doi.org/10.1016/S2213-8587(14)70213-X 3

patients from the same clinic database,52–54 and four 
studies from Denmark enrolled patients from the 
Danish National Health Service databases.55–58 The two 
studies from the USA identifi ed patients visiting the 
Cleveland Clinic main campus or family health centres 
between 1998 and 2006.50,51 However, one study included 
patients receiving sulfonylureas as monotherapy50 and 
the other included patients receiving sulfonylureas in 
combination with metformin.51 We retained both studies 
in our analyses because the same patient was unlikely to 
have been included in both studies. By contrast, there 
was a greater possibility of counting the same patient 
more than once if we used data from all three of the 
Italian studies52–54 and all four of the Danish studies.55–58 
Although the enrolment periods did not completely 
overlap, and the types of sulfonylureas and numbers of 
patients using each sulfonylurea varied among these 
studies, we chose to only include in the main analysis 
the Danish study with the largest number of patients 
and longest follow-up58 and the Italian study with the 
largest number of patients.53

Our review of the included studies also identifi ed that 
the study by Schramm and colleagues58 reported separate 
analyses for patients with and without cardiovascular 
disease at enrolment; we entered data from these two 
analyses as two separate studies to preserve this 
strata-specifi c information.

Statistical analysis
As an initial examination of the data, we undertook 
traditional meta-analyses by combining evidence from 
direct, within-study comparisons between sulfonylureas 
(eg, glibenclamide and gliclazide users included in the 
same study) with random eff ects models in RevMan 5.1 
(The Cochrane Collaboration, Copenhagen, Denmark).59 
We measured heterogeneity with the I² statistic. We then 
constructed network meta-analyses to improve precision 
of the comparisons among sulfonylureas by combining 
direct and indirect evidence.48 We followed the methods 
described by Lu and Ades43 to compare risk of all 
sulfonylureas simultaneously in a Bayesian random 
eff ects model. We modelled log risk ratios or log hazard 
ratios with non-informative prior distributions. A normal 
prior with mean of 0 and large variance (10 000) was used 
for each of the trial mean log ratios, whereas a uniform 
prior with a range of 0–10 was used as a prior for the 
between-study variance component. These priors were 
checked for eff ect in a sensitivity analysis. We did Markov 
Chain Monte Carlo simulations in WinBugs software 
(Medical Research Council, Biostatistics Unit, 
Cambridge, UK) to obtain consistent and simultaneous 
estimates of all interventions. The fi rst 20 000 iterations 
were discarded to minimise bias of initial values as the 
chain reaches its target distribution. We used information 
from the subsequent 200 000 iterations to compute the 
estimates. Results were reported with 95% credible 
intervals. Model inconsistency was assessed in Stata 

(StataCorp LP, College Station, TX, USA) by contrasting 
direct and indirect estimates in each triangular loop by 
the methods described by Veroniki and colleagues.60 
We constructed separate network meta-analyses to 
estimate the relative risk of all-cause mortality, 
cardiovascular-related mortality, and myocardial 
infarction among sulfonylureas, with glibenclamide use 
serving as the reference group.

We did three sensitivity analyses with all-cause 
mortality as the outcome. First, we were concerned that 
uncontrolled confounding would aff ect our fi ndings 
because we used raw event count data from the included 
cohort studies. We therefore used the adjusted hazard 
ratio data from cohort studies rather than the raw count 
data and combined these with the randomised controlled 
trial data. Second, since selection bias could create 
important diff erences between patients receiving 
metformin, chlorpropamide, and tolbutamide, we 
excluded these treatment nodes from the network meta-
analysis. Third, we used data from all studies that met 
our inclusion criteria, regardless of the possible overlap 

6996 reports identified through

the electronic database search

2124 Medline

4872 Embase

7 reports identified through hand

searches of reference lists

7003 reports identified

1334 duplicates removed

5669 titles and abstracts screened

5200 not relevant

469 full texts retrieved for assessment

of inclusion criteria

445 excluded*

36 not a controlled trial

4 study patients were not 

adults with type 2 

diabetes

89 group allocation not 

based on sulfonylurea 

use

66 only one sulfonylurea 

used

49 crossover study

9 follow-up less than 

30 days

192 no deaths or 

cardiovascular events 

reported by individual 

sulfonylurea

24 studies included

Figure 1: Flow diagram of citations

*Listed according to the most responsible reason for exclusion.
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of included patients from studies by the same author 
groups or same database.

Role of the funding source
There was no funding source for this study. All authors 
had full access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication.

Results
The literature search identifi ed 5669 unique citations; 
after screening the titles and abstracts, 469 papers were 
deemed potentially relevant (fi gure 1). We requested 
additional information from the authors of 46 studies 
(9·8%) and disagreed on the inclusion of eight (1·7%) 
articles. 24 studies met all inclusion criteria.

The table summarises characteristics of the seven 
studies that randomly allocated patients to diff erent 
sulfonylureas3,34–39 and 17 observational studies in which 
patients were grouped by sulfonylurea for analyses.50–58,61–68 
The case-control study by Johnsen and colleagues55 met 
our inclusion criteria because the 30-day case fatality rate 
after hospital admission for myocardial infarction was 
reported by individual sulfonylurea. Authors from nine 
studies provided additional information to supplement 
the data published in their articles.50,51,53,54,63–65,67,68 In three 
observational studies, incident sulfonylurea users were 
enrolled because recruitment was on the basis of the fi rst 
known prescription for a sulfonylurea.50,51,58 In the 
remaining 14 observational studies, prevalent users were 
enrolled because patients were using a sulfonylurea 
before study enrolment.52–57,61–68 In fi ve randomised 
controlled trials, patients who were using sulfonylureas 
were enrolled,34,36–39 one study randomly allocated patients 

newly diagnosed with type 2 diabetes to a sulfonylurea 
treatment group,3 and sulfonylurea use before enrolment 
was not reported in one trial.35 The Downs and Black49 
quality score ranged from 16 to 25 (median 18).

Three studies used metformin monotherapy as the 
reference group when analysing the association between 
sulfonylurea use and risk of adverse cardiovascular 
outcomes.50,57,58 This information was used in the network 
meta-analyses for indirect estimates of mortality and 
myocardial infarction risk among sulfonylureas. 
However, we have not reported the associations for 
metformin generated from the network meta-analyses 
because of concerns regarding selection bias between 
metformin and sulfonylureas.

The analyses of all-cause mortality risk included data 
from 18 studies reporting 14 970 (9%) deaths in 
167 327 patients who used a sulfonylurea.3,34–37,39,50,51,53,58,61–68 
841 (4%) of 19 334 gliclazide users, 5482 (11%) of 
49 389 glimepiride users, 2106 (15%) of 14 464 glipizide 
users, 5296 (7%) of 77 169 glibenclamide users, 
1066 (17%) of 6187 tolbutamide users, and 179 (23%) of 
784 chlorpropamide users died. Figure 2 presents results 
of the traditional meta-analyses of direct evidence from 
within-study comparisons. Gliclazide seemed to have 
the lowest risk of mortality compared with the other 
sulfonylureas, followed by glimepiride, glipizide, glib-
enclamide, tolbutamide, and chlorpropamide. The 
network meta-analysis, which incorporated both direct 
and indirect evidence, had a low level of incoherence 
(appendix) and is presented in fi gure 3. Gliclazide and 
glimepiride use was associated with a signifi cantly lower 
risk of mortality compared with glibenclamide, whereas 
glipizide use had a similar risk.

 Country Study period 

(follow-up 

duration)*

Antidiabetic drug 

exposure

Number of 

patients

Age* (years) Men Diabetes 

duration* 

(years)

Glycated 

haemoglobin* 

BMI* 

(Kg/m²)

History 

of CVD

Quality 

score†

Patients randomly assigned to a sulfonylurea

UK Prospective 

Diabetes Study 

Group (1998)3

UK 1977–97

(10 years)‡

New users (started within 

2 months of type 2 diabetes 

diagnosis)

1234 54 60·0% Newly 

diagnosed

6·3% 27·2 0% 25

Draeger et al 

(1996)39

Various NR

(1 year)

Prevalent users (all patients 

used glibenclamide at 

enrolment)

1044 60·2 63·7% 5‡ 8·1% 26·5 NR 22

Jennings et al 

(1992)38

Scotland, 

UK

NR

(0·5 years)

Prevalent users (all patients 

used glibenclamide at 

enrolment)

30 58·1 66·7% 8 8·7% NR 0% 19

Kilo et al 

(1992)37

USA NR

(0·2 years)

Prevalent users (all patients 

on a sulfonylurea at 

enrolment)

34 55·8 73·5% NR 7·7% 30·4 NR 18

Baba et al 

(1983)36

Japan NR

(0·5 years)

47% were prevalent users 289 ≤59§ 48·0% ≤9§ NR NR NR 19

Tan et al 

(1977)35

USA NR

(4 years)

NR 120 43·0 100% NR NR NR NR 18

Katz and Bissel 

(1965)34

USA NR

(0·3–2·9 years)

Prevalent users (proportion 

of antidiabetic drug users at 

enrolment NR)

121 NR NR NR NR NR NR 20

(Table continues on next page)
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 Country Study period 

(follow-up 

duration)*

Antidiabetic drug 

exposure

Number of 

patients

Age* (years) Men Diabetes 

duration* 

(years)

Glycated 

haemoglobin* 

BMI* 

(Kg/m²)

History 

of CVD

Quality 

score†

(Continued from previous page)

Patients grouped according to sulfonylurea use 

Bo et al 

(2013)61

Italy 1996–2011

(14 years)

Prevalent users (on 

treatment at study 

enrolment)

1277 65·7 42·9% 9 6·7% 28·6 28·7% 17

Juurlink et al 

(2012)62

Canada 2007–10

(0·9 years 

glibenclamide; 

0·6 years gliclazide)‡

Prevalent users (within 

90 days of index hospital 

admission)

2674 66–85§ 63·5% NR NR NR 8·4% 19

Pantalone et al 

(2012)50¶

USA 1998–2006

(2·2 years)‡

New users (fi rst-known 

prescription of 

monotherapy)

23 915 61·9 50·4% NR 7·6% 32·2 11·4% 18

Pantalone et al 

(2012)51¶

USA 1998–2006

(2·4 years)‡

New users (fi rst-known 

prescription of combination 

with metformin)

7320 62·1 53·3% NR 8·2% 32·6 12·0% 18

Jørgensen et al 

(2011)57

Denmark 1997–2006

(1 year)||

Prevalent users (within 

180 days of index hospital 

admission)

400 64·9 67·2% 5·6 NR NR NR 20

Schramm et al 

(2011)58

Denmark 1997–2006

(2·0 years no 

previous MI; 2·2 years 

with previous MI)

New users (fi rst-known 

prescription)

110 374 (no 

previous MI), 

9646 (with 

previous MI)

58·1 (no 

previous MI), 

69·3 (with 

previous MI)

53·4% (no 

previous MI), 

70·7% (with 

previous MI)

2·0 (no 

previous MI), 

2·0 (with 

previous MI)

NR NR 9·8% 20

Sillars et al 

(2010)63¶

Australia 1993–2007

(10·4 years)

Prevalent users (on 

treatment at study 

enrolment)

303 64·2 48·8% 4·0 7·7% 28·8 28·4% 21

Khalangot et al 

(2009)64¶

Ukraine 1998–2007

(1·5 years)

Prevalent users (on 

treatment at study 

enrolment)

64 288 67·8 31·2% 8·6 NR 28·2 NR 18

Horsdal et al 

(2009)56

Denmark 1996–2004

(1 year)||

Prevalent users (within 

90 days of index hospital 

admission)

3448 73·9 58·6% ≤5§ 7·7% NR NR 21

Arruda-Olson 

et al (2009)65¶

USA 1985–2002

(4·9 years)

Prevalent users (on 

treatment at admission)

120 68 57% 12·9 NR 30·0 NR 18

Gerstein et al 

(2008)66**

Various 2001–08

(4·9 years)

Prevalent users (on 

treatment at study 

enrolment)

2375 61·9 59·8% 9·6 8·4% 32·2 32·6% 22

Mellbin et al 

(2008)67¶

Sweden 1998–2003

(2·1 years)‡

Prevalent users (on 

treatment at admission)

416 68·4 66·8% 7·9 7·7% 28·4 NR 18

Monami et al 

(2007)52

Italy 1998–2001

(5·0 years for 

mortality, 4·4 years 

for cardiac events)

Prevalent users (on 

treatment at study 

enrolment)

568 65·3 49·6% 11·4 8·1% 27·8 NR 18

Monami et al 

(2006)53¶

Italy 1993–2004

(2·6 years)

Prevalent users (on 

treatment in combination 

with metformin at study 

enrolment) 

587 65·8 49·9% 14·4 8·6% 28·7 NR 18

Johnsen et al 

(2006)55††

Denmark 1994–2002

(30 days)

Prevalent users (within 

90 days of index date)

6738 cases 69·5 61·7% NR NR NR NR 18

Mannucci et al 

(2004)54¶

Italy 1993–2003

(4·6 years)

Prevalent users (on 

treatment in combination 

with a biguanide at study 

enrolment) 

374 66·0 47·6% 14·2 8·8% 28·3 NR 18

Pogatsa et al 

(1992)68¶

Hungary 1967–91

(8 years)

Prevalent users (on 

treatment at study 

enrolment)

351 55 46·3% 8 6·9% 27·2 15·9% 16

CVD=cardiovascular disease. MI=myocardial infarction. NR=not reported. *Mean reported unless otherwise specifi ed. †Score out of 27 on the Downs and Black checklist;49 higher scores suggest better study 

quality. ‡Median. §Over 50% of the study group were within this range. ¶Authors provided additional information. ||Events counted in the fi rst year after index hospital admission. **Patients who used only one 

sulfonylurea during the ACCORD trial (data were taken from the ACCORD Research Materials obtained from the National Heart, Lung and Blood Institute). ††30-day fatality rate reported for all 6738 cases, of 

whom 361 were using a sulfonylurea.

Table: Characteristics of included studies
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Cardiovascular-related mortality analyses were based 
on data from 13 studies reporting 7158 (5%) deaths in 
145 916 patients who used a sulfonylurea.3,34,36,37,39,52,58,61,63,64,66–68 
The traditional meta-analysis of direct evidence from 
within-study comparisons between sulfonylureas was 
similar to the analysis of all-cause mortality (appendix). 
There was a low level of inconsistency between direct 
and indirect evidence in the network meta-analysis of 
cardiovascular mortality risk among sulfonylureas 
(appendix) and the results are presented in fi gure 4. 
Gliclazide use was associated with a signifi cantly lower 
risk of cardiovascular-related mortality compared with 
glibenclamide. Glimepiride use was associated with a 
numerically lower risk, but the diff erence compared with 
glibenclamide was not signifi cant.

Myocardial infarction analyses were based on 
1012 (12%) events in 8124 patients receiving a sulfony-
lurea who were enrolled in seven studies.3,34,38,56,62,67,68 There 
were no signifi cant diff erences among sulfonylureas 
when direct evidence was pooled by traditional meta-
analyses or when direct and indirect evidence were 
combined in a network meta-analysis (appendix).

Seven studies used adjusted hazard ratios to compare 
the risk of all-cause mortality between diff erent 
sulfonylureas.50–52,58,61,62,64 The results of a network 

meta-analysis of these adjusted hazard ratios and data 
from the randomised controlled trials3,34–37,39 are similar to 
the main analysis (appendix). Removing metformin, 
tolbutamide, and chlorpropamide from the network meta-
analysis did not change the direction, magnitude, or 
signifi cance of our main analysis (appendix). Although 
two studies from Italy52,54 and three studies from 
Denmark55–57 could have drawn patients from the same 
sampling frame as studies included in the main 
analyses,53,58 there were important diff erences in the types 
of sulfonylureas used across these studies and the number 
of patients using each sulfonylurea. Incorporating data 
from all 23 studies that reported all-cause mortality rates 
did not change the direction, magnitude, or signifi cance of 
our main fi ndings (appendix).

Discussion
In this systematic review, we identifi ed 24 controlled 
studies that reported the risk of adverse cardiovascular 
outcomes for two or more sulfonylureas. We were able to 
combine mortality data from 23 of these studies that 
enrolled a total of 172 349 patients who used a sulfonylurea; 
18 of these studies (167 327 patients) were included in our 
main analyses. In all direct or direct and indirect analyses, 
gliclazide use was associated with a signifi cantly lower 
risk of all-cause and cardiovascular-related mortality 
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compared with gliben clamide use. Glimepiride use was 
associated with a lower risk of all-cause mortality 
compared with glibenclamide use. Glipizide use was 
associated with a similar risk of all-cause and 
cardiovascular-related mortality compared with 
glibenclamide use. There were no clear signifi cant 
diff erences in risk of myocardial infarction among the 
sulfonylureas.

Previous observational studies that examined the 
possible adverse cardiovascular eff ects of sulfonylureas 
have, for the most part, grouped these drugs 
together.5–7,63,65,67,68 As our understanding of the diff erences 
in pharmacological properties among these drugs 
increases, a growing number of studies are assessing 
each sulfonylurea separately against a non-sulfonylurea 
reference group, such as metformin,50,55,57,58,69 or with one 
sulfonylurea serving as the reference group.44,51,52,56,61,62,64 
Although a higher risk of mortality and adverse 
cardiovascular events has consistently been reported 
with sulfonylurea use compared with other diabetic 
drugs,12,14,15 fi ndings of diff erences among sulfonylureas 
have been inconsistent.44,51,52,56,61,62,64 Variations in study 
design, choice of reference group, sample size, 
cardiovascular history, duration of follow-up, exposure 
status and duration, and number of events reported 
might explain the inconsistent fi ndings. By combining 
both direct and indirect data from these studies in 
network meta-analyses, we noted signifi cant diff erences 
in all-cause and cardiovascular-related mortality among 
several individual sulfonylureas.

We expected some inconsistency between the direct 
and indirect data since most studies included in this 
systematic review were observational studies. Several 
factors could contribute to the inconsistencies noted in 
the main analysis. For example, duration of diabetes 
ranged from newly diagnosed3 to 14 years,53 patients 
could either be new sulfonylurea users or prevalent users 
at study enrolment, and the duration of follow-up ranged 
from 30 days54 to 14 years.61 Despite these variations, the 
reported associations in the network meta-analysis of 
adjusted hazard ratios were consistent with the 
associations noted in the main analysis—that gliclazide 
use was associated with a signifi cantly lower risk of all-
cause and cardiovascular-related mortality compared 
with glibenclamide.

Several limitations should be considered when 
interpreting our fi ndings. First and foremost, selection 
bias could have aff ected the reported associations 
because data for these network meta-analyses were 
taken mainly from cohort studies. Although concerns 
about selection bias aff ecting reported diff erences 
between metformin and sulfonylureas are well known, 
removal of metformin from our analysis did not have a 
substantial eff ect on the associations among the 
commonly used sulfonylureas. Perhaps more relevant 
to our study would be factors that aff ect the choice of a 
specifi c sulfonylurea, such as cost. More expensive 

sulfonylureas, such as glimepiride and gliclazide, which 
were only available in trade name formulations during 
many of the study periods, might have been selectively 
used in patients with a higher socioeconomic status. 
Although this factor might partially explain the 
diff erences seen between these two sulfonylureas and 
glibenclamide, we also noted important diff erences 
between gliclazide and glimepiride.

Second, the main analyses examined the relative risks 
using raw event count data and, therefore, we did not 
control for any potential confounding, both within the 
studies and across studies. Although a sensitivity analysis 
of all-cause mortality using adjusted hazard ratios 
produced similar results, residual confounding is still an 
important factor to consider. Many of the included 
observational studies could not account for important 
clinical measures such as blood glucose concentrations, 
history of hypoglycaemia, blood pressure, lipid 
concentrations, renal function, left ventricular function, 
and smoking status in the adjusted hazard ratios. Third, 
some patients who stopped using a sulfonylurea might 
have been misclassifi ed as exposed. For example, several 
trials used a time-fi xed defi nition to allocate patients to a 
sulfonylurea group and excluded patients if there was 
evidence of switching to or concurrent use of a second 
sulfonylurea.50,51,57,61,62 Schramm and colleagues’58 study 
was the only one in which investigators checked at regular 
intervals to ensure patients continued to use a 
sulfonylurea during the observation period. Fourth, the 
limited amount of available information did not allow us 
to examine other factors that could aff ect risk of adverse 
eff ects. For example, diff erent formulations of 
sulfonylureas, such as the regular and modifi ed-release 
formulations of gliclazide, and regular and extended-
release formulations of glipizide, could have diff erent 
levels of cardiovascular risk because of possible 
diff erences in risk of hypoglycaemia. For these reasons, 
fi ndings from this study should be considered hypothesis 
generating and need to be verifi ed in a properly designed 
randomised clinical trial. Although ongoing trials are not 
designed to specifi cally examine the question of safety 
among sulfonylureas, we believe results of the TOSCA IT 
(NCT00700856) and CAROLINA (NCT01243424) trials 
will help answer some questions regarding the role of 
sulfonylureas in diabetes management.70,71

In addition to the concerns noted earlier, our study 
shares the limitations of other systematic reviews 
because we were unable to obtain usable information 
from all relevant studies. Although our search strategy 
identifi ed 469 potentially relevant studies, including the 
well known clinical trials ACCORD,66 ADVANCE,72 
BARI 2D,73 RECORD,74 and UKPDS,3 192 (41%) were 
excluded because mortality or cardiovascular outcomes 
were not reported for individual sulfonylureas. Moreover, 
we only included published studies, which could 
introduce bias since these studies are more likely to 
report diff erences compared with unpublished studies. 
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