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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 differ 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 differences in cardiovascular event risk among sulfonylureas with random effects models for direct
pairwise comparisons and network meta-analyses to incorporate direct and indirect data.

Findings 14970 (9%) of 167327 patients in 18 studies died: 841 (4%) of 19334 gliclazide users, 5482 (11%) of
49389 glimepiride users, 2106 (15%) of 14 464 glipizide users, 5296 (7%) of 77169 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 differences 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 effectively lower blood glucose and reduce
the risk of microvascular complications such as nephro-
pathy and retinopathy. However, debate regarding the
cardiovascular safety of sulfonylureas is ongoing.* Findings
from several studies and meta-analyses suggest that
sulfonylureas are associated with a significantly higher
risk of mortality and adverse cardiovascular events than
metformin and other antidiabetic drugs.*™

Two mechanisms are often proposed to explain the
higher risk of adverse cardiovascular effects associated
with sulfonylureas. The first plausible biological
mechanism centres on an extension of the beneficial
pharmacological action of sulfonylureas. These drugs
bind to sulfonylurea receptors (SURI) on pancreatic
B cells and inhibit ATP-sensitive potassium channels;
this process promotes insulin release and lowers blood
glucose concentrations.” However, sulfonylureas also
bind to receptors on myocardial (SUR2A) and vascular
smooth muscle (SUR2B) cells, so can inhibit cardiac
ATP-sensitive potassium channels.®” Binding of
sulfonylureas to SUR2A or SUR2B receptors can

interfere with ischaemic conditioning—an endogenous
cardiac protective mechanism—and possibly with
cardiac conduction.® Findings from studies of animal
models have shown that sulfonylureas binding to
SUR2A or SUR2B receptors can abolish the beneficial
effects of ischaemic conditioning.®®” The affinity
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,l9,22

The second plausible mechanism for the higher risk of
adverse cardiovascular effects associated with sul-
fonylureas involves hypoglycaemia—a common, well
known adverse effect of sulfonylurea treatment.
Episodes of hypoglycaemia can prolong the QT interval
and are associated with cardiac ischaemia.”*
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.” Differences in SUR1 receptor
affinity and pharmacokinetic properties seem to create
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differences in the risk of hypoglycaemia, with
glibenclamide, which has the highest affinity for SUR1,%
having the highest risk among the sulfonylureas.*”
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.”**

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.”* 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.****
First, the UK Prospective Diabetes Study (UKPDS)* was
the only trial to report cardiovascular events as
prespecified outcomes. Second, the remaining six
randomised controlled trials** were not designed to
examine risk of adverse cardiovascular events and
therefore had insufficient 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 definitive evidence
from randomised controlled trials, observational
studies and meta-analyses of these data can provide
information to help guide treatment decisions.”

Network meta-analyses are regarded as an important
source of information to compare the safety or efficacy of
several treatment options.” This analytical technique is
increasingly used to synthesise evidence from both direct
and indirect comparisons to assess the effect of different
treatment options on an outcome of interest.”*

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
findings,”* we hypothesised that gliclazide use would be
associated with a significantly 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.**
We searched Medline and Embase from inception to
June 11, 2014, with database-appropriate terms and text
words for type 2 diabetes, sulfonylureas, and comparative
study; we excluded review articles, editorials,

See Online forappendix 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 differed 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 different
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 verified 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 defined according to
each study and categorised as new user (follow-up began
with first ever sulfonylurea prescription) or prevalent
user (exposure assessed during a fixed timepoint).

We assessed study quality with the 27-item Downs and
Black® 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,”*' three studies from Italy enrolled
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patients from the same clinic database,>** and four
studies from Denmark enrolled patients from the
Danish National Health Service databases.”* The two
studies from the USA identified patients visiting the
Cleveland Clinic main campus or family health centres
between 1998 and 2006.** However, one study included
patients receiving sulfonylureas as monotherapy® and
the other included patients receiving sulfonylureas in
combination with metformin.*" 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 studies™* and all four of the Danish studies.”*
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-up® and the Italian study with the
largest number of patients.”

Our review of the included studies also identified that
the study by Schramm and colleagues® 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-specific 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 effects models in RevMan 5.1
(The Cochrane Collaboration, Copenhagen, Denmark).”
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.® We followed the methods
described by Lu and Ades” to compare risk of all
sulfonylureas simultaneously in a Bayesian random
effects 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 effect 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 first 20000 iterations
were discarded to minimise bias of initial values as the
chain reaches its target distribution. We used information
from the subsequent 200000 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.®
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 affect our findings
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 differences 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

| |
v

| 7003 reports identified |

—>| 1334 duplicates removed |

5669 titles and abstracts screened |

—bl 5200 not relevant |
y

469 full texts retrieved for assessment
of inclusion criteria

7 reports identified through hand
searches of reference lists

A

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
P 66 only one sulfonylurea
used
49 crossover study
9 follow-up less than
30days
192 no deaths or
cardiovascular events
reported by individual
sulfonylurea

A
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 final
responsibility for the decision to submit for publication.

Results

The literature search identified 5669 unique citations;
after screening the titles and abstracts, 469 papers were
deemed potentially relevant (figure 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 different
sulfonylureas®**** and 17 observational studies in which
patients were grouped by sulfonylurea for analyses. -
The case-control study by Johnsen and colleagues®™ 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.s's*5#¢-65676 p three
observational studies, incident sulfonylurea users were
enrolled because recruitment was on the basis of the first
known prescription for a sulfonylurea.* In the
remaining 14 observational studies, prevalent users were
enrolled because patients were using a sulfonylurea
before study enrolment. ¥ In five randomised
controlled trials, patients who were using sulfonylureas
were enrolled,**** one study randomly allocated patients

newly diagnosed with type 2 diabetes to a sulfonylurea
treatment group,’ and sulfonylurea use before enrolment
was not reported in one trial.”* The Downs and Black®
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.*”*® 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 14970 (9%) deaths in
167 327 patients who used a sulfonylurea. >0 s3sse6
841 (4%) of 19334 gliclazide users, 5482 (11%) of
49389 glimepiride users, 2106 (15%) of 14464 glipizide
users, 5296 (7%) of 77169 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 figure 3. Gliclazide and
glimepiride use was associated with a significantly lower
risk of mortality compared with glibenclamide, whereas
glipizide use had a similar risk.

Country  Study period Antidiabetic drug Number of Age* (years) Men Diabetes Glycated BMI* History  Quality
(follow-up exposure patients duration* haemoglobin*  (Kg/m?) of CVD  scoret
duration)* (years)

Patients randomly assigned to a sulfonylurea
UK Prospective UK 1977-97 New users (started within 1234 54 60-0% Newly 63% 272 0% 25
Diabetes Study (10years)F 2 months of type 2 diabetes diagnosed
Group (1998) diagnosis)
Draegeretal Various NR Prevalent users (all patients 1044 60-2 63-7% St 81% 265 NR 22
(1996)* (1year) used glibenclamide at

enrolment)
Jennings et al Scotland, NR Prevalent users (all patients 30 581 66-7% 8 87% NR 0% 19
(1992)* UK (0-5years) used glibenclamide at

enrolment)
Kiloetal USA NR Prevalent users (all patients 34 55-8 73-5% NR 77% 304 NR 18
(1992)” (02 years) on a sulfonylurea at

enrolment)
Babaetal Japan NR 47% were prevalent users 289 <59¢ 48-0% <9§ NR NR NR 19
(1983)* (0-5years)
Tanetal USA NR NR 120 430 100% NR NR NR NR 18
(1977 (4years)
Katzand Bissel ~ USA NR Prevalent users (proportion 121 NR NR NR NR NR NR 20
(1965)* (0-3-2-9 years) of antidiabetic drug users at

enrolment NR)

(Table continues on next page)
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Country  Study period Antidiabetic drug Number of Age* (years) Men Diabetes Glycated BMI* History Quality
(follow-up exposure patients duration* haemoglobin*  (Kg/m®) of CVD  scoret
duration)* (years)
(Continued from previous page)
Patients grouped according to sulfonylurea use
Boetal Italy 1996-2011 Prevalent users (on 1277 65-7 42-9% 9 67% 286 287% 17
(2013)* (14 years) treatment at study
enrolment)
Juurlink et al Canada 2007-10 Prevalent users (within 2674 66-85§ 63:5% NR NR NR 84% 19
(2012)* (0-9 years 90 days of index hospital
glibenclamide; admission)
0-6 years gliclazide)t
Pantaloneetal USA 1998-2006 New users (first-known 23915 61-9 50-4% NR 7-6% 322 114% 18
(2012)>°q (2-2years)F prescription of
monotherapy)
Pantaloneetal USA 1998-2006 New users (first-known 7320 621 533% NR 82% 32:6 120% 18
(2012)°q (2-4 years)f prescription of combination
with metformin)
Jorgensenetal Denmark  1997-2006 Prevalent users (within 400 64-9 67-2% 56 NR NR NR 20
(2011)” (1year)|| 180 days of index hospital
admission)
Schrammetal Denmark 1997-2006 New users (first-known 110374 (no 58-1(no 53-4% (no 2.0 (no NR NR 9.8% 20
(2011)* (2-0years no prescription) previous MI),  previous MI),  previous Ml),  previous MI),
previous MI; 2-2 years 9646 (with 69-3 (with 70:7% (with 2.0 (with
with previous MI) previousMI)  previous MI)  previous MI)  previous MI)
Sillars et al Australia  1993-2007 Prevalent users (on 303 642 48-8% 4.0 77% 28-8 284% 21
(2010)>q (10-4 years) treatment at study
enrolment)
Khalangotetal Ukraine ~ 1998-2007 Prevalent users (on 64288 67-8 312% 86 NR 282 NR 18
(2009)*q (1-5years) treatment at study
enrolment)
Horsdal et al Denmark  1996-2004 Prevalent users (within 3448 739 58-6% <5§ 77% NR NR 21
(2009)* (1year)|| 90 days of index hospital
admission)
Arruda-Olson USA 1985-2002 Prevalent users (on 120 68 57% 129 NR 30.0 NR 18
etal (2009)%q (4-9 years) treatment at admission)
Gersteinetal  Various 2001-08 Prevalent users (on 2375 619 59-8% 9-6 8-4% 322 32:6% 22
(2008)°** (4-9 years) treatment at study
enrolment)
Mellbin et al Sweden 1998-2003 Prevalent users (on 416 684 66-8% 7-9 77% 284 NR 18
(2008)7q (2-1years)f treatment at admission)
Monami et al Italy 1998-2001 Prevalent users (on 568 653 49-6% 114 81% 27-8 NR 18
(2007)* (5-0years for treatment at study
mortality, 4-4years  enrolment)
for cardiac events)
Monami et al Italy 1993-2004 Prevalent users (on 587 65-8 49-9% 14-4 8-6% 287 NR 18
(2006)>q (2-6 years) treatment in combination
with metformin at study
enrolment)
Johnsen etal Denmark  1994-2002 Prevalent users (within 6738 cases 695 61.7% NR NR NR NR 18
(2006)1t (30 days) 90 days of index date)
Mannuccietal  Italy 1993-2003 Prevalent users (on 374 66-0 47-6% 142 8-8% 283 NR 18
(2004)>q (4-6 years) treatment in combination
with a biguanide at study
enrolment)
Pogatsa et al Hungary  1967-91 Prevalent users (on 351 55 46-3% 8 6-9% 272 159% 16
(1992)°q (8 years) treatment at study
enrolment)

CVD=cardiovascular disease. MI=myocardial infarction. NR=not reported. *Mean reported unless otherwise specified. tScore out of 27 on the Downs and Black checklist;* higher scores suggest better study
quality. $Median. SOver 50% of the study group were within this range. §fAuthors provided additional information. ||Events counted in the first 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). +130-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 >*436.57.3225861636456-68
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 figure 4.
Gliclazide use was associated with a significantly lower
risk of cardiovascular-related mortality compared with
glibenclamide. Glimepiride use was associated with a
numerically lower risk, but the difference compared with
glibenclamide was not significant.

Myocardial infarction analyses were based on
1012 (12%) events in 8124 patients receiving a sulfony-
lurea who were enrolled in seven studies.*****626 There
were no significant differences 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 different
sulfonylureas.®2#¢2¢  The results of a network

Glibenclamide

152 (113-2:04) S

,2:89%36‘53,58‘61—64,66,681,' ;

124 (1.07-1-44)

[2=759539/5051,53.58,64-67

a 149 (129-173
,2:215/053,58,54,65 )—P Glimepiride

1.00(091-110) | \

’2=46%37,50,51,SB‘63,65767:.' 352 (3-16-3.91)
\ < / 1?=68%58

2-89 (2:56-3-25)
> '2:73%50,58
157(121-203) & . 193(156-239) ! 132 (1.23-1-40)
P=629556366 v 1P=60%*

meta-analysis of these adjusted hazard ratios and data
from the randomised controlled trials**¥* are similar to
the main analysis (appendix). Removing metformin,
tolbutamide, and chlorpropamide from the network meta-
analysis did not change the direction, magnitude, or
significance of our main analysis (appendix). Although
two studies from Italy™* and three studies from
Denmark® could have drawn patients from the same
sampling frame as studies included in the main
analyses,”** there were important differences 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 significance of
our main findings (appendix).

Discussion

In this systematic review, we identified 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 (167327 patients) were included in our
main analyses. In all direct or direct and indirect analyses,
gliclazide use was associated with a significantly lower
risk of all-cause and cardiovascular-related mortality

P=0%8
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credible interval)
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Figure 3: Comparison of all-cause mortality between sulfonylureas using
direct and indirect evidence

Data are pooled relative risks and 95% credible intervals calculated by network
meta-analysis of direct and indirect evidence from 18 studies,3+37295051.535661-68
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Figure 2: Comparison of all-cause mortality between sulfonylureas using direct evidence

Data are taken from 18 studies that reported direct evidence of the risk of all-cause mortality for two or more
sulfonylureas and are compared by meta-analyses.?3*¥73950515358416 The pooled relative risks with 95% Cls are
reported for each pairwise comparison. A solid line shows the association is statistically significant and a dotted
line shows the association is not statistically significant. Arrowheads point to the drug with higher risk within each

pair. The number of arrowheads pointing to each drug gives an approximation of the overall risk of mortality
relative to the others.

Relative risk (95%
credible interval)
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Figure 4: Comparison of cardiovascular-related mortality between
sulfonylureas using direct and indirect evidence

Data are pooled relative risks and 95% credible intervals calculated by network
meta-analysis of direct and indirect evidence from 13 studies>3363739525861636466-68
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compared with glibenclamide 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 significant
differences in risk of myocardial infarction among the
sulfonylureas.

Previous observational studies that examined the
possible adverse cardiovascular effects of sulfonylureas
have, for the most part, grouped these drugs
together.”7¢%% As our understanding of the differences
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,***** or with one
sulfonylurea serving as the reference group.*ss5seo
Although a higher risk of mortality and adverse
cardiovascular events has consistently been reported
with sulfonylurea use compared with other diabetic
drugs,*** findings of differences among sulfonylureas
have been inconsistent.*****66¢ 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 findings. By combining
both direct and indirect data from these studies in
network meta-analyses, we noted significant differences
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 diagnosed® to 14 years,” patients
could either be new sulfonylurea users or prevalent users
at study enrolment, and the duration of follow-up ranged
from 30 days* to 14 years.® 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 significantly lower risk of all-
cause and cardiovascularrelated mortality compared
with glibenclamide.

Several limitations should be considered when
interpreting our findings. First and foremost, selection
bias could have affected the reported associations
because data for these network meta-analyses were
taken mainly from cohort studies. Although concerns
about selection bias affecting reported differences
between metformin and sulfonylureas are well known,
removal of metformin from our analysis did not have a
substantial effect on the associations among the
commonly used sulfonylureas. Perhaps more relevant
to our study would be factors that affect the choice of a
specific 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
differences seen between these two sulfonylureas and
glibenclamide, we also noted important differences
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 misclassified as exposed. For example, several
trials used a time-fixed definition to allocate patients to a
sulfonylurea group and excluded patients if there was
evidence of switching to or concurrent use of a second
sulfonylurea. "¢ Schramm and colleagues™ 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 affect risk of adverse
effects. For example, different formulations of
sulfonylureas, such as the regular and modified-release
formulations of gliclazide, and regular and extended-
release formulations of glipizide, could have different
levels of cardiovascular risk because of possible
differences in risk of hypoglycaemia. For these reasons,
findings from this study should be considered hypothesis
generating and need to be verified in a properly designed
randomised clinical trial. Although ongoing trials are not
designed to specifically 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.””

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
identified 469 potentially relevant studies, including the
well known clinical trials ACCORD,* ADVANCE,”
BARI 2D,” RECORD,” and UKPDS,* 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 differences compared with unpublished studies.
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Does mortality risk vary among sulfonylureas?

The University Group Diabetes Program raised
concern in 1970 when it reported an increased risk
of cardiovascular mortality in patients who received
tolbutamide.! It was this finding that largely prompted
the initiation of the UK Prospective Diabetes Study
(UKPDS),* the findings of which did not support the
suggestion that sulfonylurea treatment was associated
with an increased risk of cardiovascular death. However,
sulfonylurea use has been controversial ever since and
many retrospective studies have subsequently reported
an increased risk of adverse cardiovascular outcomes,
mortality, or both, with sulfonylurea treatment,
specifically when compared with metformin.
Sulfonylureas have historically been analysed as a drug
class, despite the fact that there are vast differences
in pharmacological properties among the individual
sulfonylureas: hypoglycaemic risk, sulfonylurea receptor
(SUR) subtype specificity and affinity, and the ability
to abolish ischaemic preconditioning. Glibenclamide
is the sulfonylurea most commonly associated with
hypoglycaemia.® Some sulfonylureas (gliclazide and
glipizide) are specific for the pancreatic SUR1 receptors,
thereby principally stimulating insulin secretion. Other
sulfonylureas (glimepiride and glibenclamide) are not
pancreas specific; these drugs agonise both the pancreatic
SUR1 receptors and the SUR2 receptors found on cardiac
myocytes and vascular smooth muscle cells—mediating
effects in the heart and smooth muscles.s Although
both glimepiride and glibenclamide agonise the SUR2
receptors, only glibenclamide abolishes ischaemic
preconditioning, a cardioprotective phenomenon
whereby repeated episodes of ischaemia help to
protect the heart against subsequent episodes, thereby
potentially limiting ischaemic injury or infarct size.®
Substantial differences clearly exist in terms of the
pharmacological properties inherent to the individual
sulfonylureas, but whether these differences translate
into differences in the risk of adverse cardiovascular
outcomes, mortality, or both, remained unclear.
Conflicting reports have emerged concerning whether
an increased overall or
risk accompanies the various sulfonylureas.™ The
reason for this discrepancy is probably multifactorial,
because these reports differ in terms of their design,

cardiovascular mortality

study populations, and choice of variables for which

adjustments were made. These discrepancies have
limited our ability to draw reliable conclusions, which
is why the results of the report by Scot Simpson and
colleagues™ in The Lancet Diabetes & Endocrinology are so
important. The investigators thoroughly reviewed the
published work and undertook a network meta-analysis,
the results of which summarise the totality of the
literature effectively. They reported that the relative risk
of death versus 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 134 (0-98-1-86)
for chlorpropamide. Similar associations were noted
for cardiovascular-related mortality. Simpson and
colleagues concluded that gliclazide and glimepiride use
were associated with a lower risk of mortality compared
with glibenclamide use. Although many of the trials
included in the meta-analysis were observational,
and thus subject to possible selection bias, this is a
limitation of the available data rather than a limitation
of their meta-analysis. The investigators appropriately
recommended that clinicians consider these possible
risk differences when selecting a sulfonylurea; however,
they cautioned that this hypothesis needs to be tested
in a randomised clinical trial. Although | could not
agree more with this conclusion, the results of this
meta-analysis are nonetheless extremely important.
Sulfonylureas readily available as generics,
are extremely cheap, or both. Therefore, it is very
unlikely that a prospective randomised clinical trial
will ever be done to assess whether the differences
in pharmacological properties inherent to individual
sulfonylureas translate into differences in the risk of
adverse cardiovascular outcomes or mortality, or both.
These data would be especially relevant for patients with
pre-existing coronary artery disease, who are most at
risk of mortality or an adverse cardiovascular event from
a sulfonylurea that inhibits ischaemic preconditioning.
One conclusion seems to be clear from the available
literature in this area: since other sulfonylureas
are readily available, and at a similar cost to the
patient, continuing to prescribe glibenclamide seems
inappropriate in view of its higher risk of hypoglycaemia

are

and ability to abolish ischaemic preconditioning, even
if the jury is still out regarding whether or not it is
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associated with a higher risk of adverse cardiovascular
outcomes or mortality versus other sulfonylureas.
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