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Abstract
Background: To compare the effects ofthree types of sulfonylureas (glibenclamide, gliclazide, and 
glimepiride) on blood plasminogen activator inhibitor-1 levels in patients with type2 diabetes mellitus, a 
network meta-analysis of randomized controlled trialswas performed.
Methods: A literature search using MEDLINE, the Cochrane Central Register of Controlled Trials, and 
ClinicalTrials.gov was conducted. Randomized controlled trialsin which the effects of sulfonylureas on 
blood plasminogen activator inhibitor-1 levels in patients with type 2 diabetes mellitus were evaluated were 
includes. Outcome assessment included standardized mean differences and 95% confidence intervals.
Results: Twelve randomized controlled trials (1,050 subjects) met the inclusion criteria and were included 
in the network meta-analysis. No significant difference was observedin blood plasminogen activator 
inhibitor-1 levels after using a placebo compared with those after using glibenclamide, gliclazide, and 
glimepiride. Blood plasminogen activator inhibitor-1levels were significantly lower after using gliclazide 
than after using glimepiride (standardized mean difference: -0.52; 95% confidence interval: -0.99%–0.44%). 
However, no significant difference was observed in blood plasminogen activator inhibitor-1 levels after 
using glibenclamide compared with those after using gliclazide and glime piride.
Conclusions: Regarding the use of sulfonylureas for treating patients with type 2 diabetes mellitus, 
gliclazide may be preferable because of low blood plasminogen activator inhibitor-1 levels after its use. 
However, few studies have been published on the use of gliclazide, and the quality of these studies has been 
generally poor; thus, the results of this study should be interpreted with caution.
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Introduction
Type 2 diabetes mellitus is associated with cardiovascular 
disease and cardiac death [1]. Therefore, in patients with type 
2 diabetes mellitus,an important treatment goal is the preven-
tion of cardiovascular disease. These patients are also prone 
to thrombosis, and plasminogen activator inhibitor-1 (PAI-1) 
levels, which determine fibrinolytic activity in the fibrinolytic 
system, are considered informative [2]. A previous studyhas 
reported that elevated blood PAI-1 levels are associated 
with arteriosclerosis and cardiovascular disease onset [3]. In 
patients with type 2 diabetes, presumably blood PAI-1 levels 

are elevated [4], and factors controlling blood PAI-1 levels 
comprise theinsulin resistance, hyperglycemia, inflammatory 
cytokines, oxidative stress, and so on [5-7]. Apparently,these 
factors are not only induced by elevated blood PAI-1 levels, but 
alsoassociated with the promotion of the thrombus formation 
and myocardial fibrosis [5-7]. Probably, these mechanisms are 
involved in the correlation between elevated blood PAI-1 levels 
and cardiovascular disease.

Sulfonylureas, such as glibenclamide, gliclazide, and glime-
piride, are pharmacotherapeutic agents that are widely used for 
treating type2 diabetes mellitus. These three sulfonylureas may 
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have different effects on the metabolic system. For example, 
gliclazide has been demonstrated to directly improve oxidative 
stress and inflammatory cytokine levels [8,9], whereas glime-
piride reportedly promotes glucose uptake at the peripheral 
tissue level and improves insulin resistance [10]. In other words, 
presumably sulfonylureas probably lower blood PAI-1 levels 
by suppressing inflammatory cytokines, oxidative stress, and 
insulin resistance; however, we hypothesized that the effect 
of these three sulfonylureas on blood PAI-1 levels could differ 
depending on the drug (drug-effect). Previously, only a few 
randomized controlled trials (RCTs) have reportedthe effect 
of sulfonylurea administration on blood PAI-1 levels; thus, 
we believe that it is challengingto compare the difference 
in the effects of different drugs. Hence, this studyaimed to 
compare the effect of three different sulfonylureas on blood 
PAI-1 levels in patients with type 2 diabetes by using a network 
meta-analysis capable of indirectly estimating a difference in 
the drug-effect on the basis of RCTs.

Methods
Study selection
We conducted aliterature search using MEDLINE(https://www.
ncbi.nlm.nih.gov/pubmed), the Cochrane Central Register 
of Controlled Trials(http://www.cochranelibrary.com/), and 
ClinicalTrials.gov(https://clinicaltrials.gov/) (accessedMay 1, 
2017). The search strategy included “[gliclazide or glibencla-
mide or glimepiride or sulfonylurea] and [diabetes or NIDDM 
or non-insulin-dependent or type 2 diabetes mellitus] and 
[randomized controlled trial or controlled clinical trial or 
randomized or randomised or placebo or randomly]”. Trials 
were eligible for inclusion if they compared sulfonylureas 
with placebos or oral antidiabetic drugs other than sulfo-
nylureas, irrespective of diet and exercise therapies. Studies 
that were not RCTs, that featured animal experiments, that 
included patients with gestational diabetes, that contained 
insufficient data for analysis, or that were duplicates were 
excluded. Two authors (SI and RK) independently assessed 
whether each article satisfied the inclusion criteria. When the 
interpretations of the two authors were inconsistent, a third 
reviewer (KM) was consulted.

Data extraction and quality assessment
We created a data extraction form containing trial charac-
teristics (key author’s name, publication year, study location, 
sample size, patient’s baseline information, basic treatment, 
and treatment duration). Regarding blood PAI-1 levels, we 
recorded mean values, standard deviation, standard error, 
or 95% confidence intervals (CIs). In the event thata study 
compared a control group with two or more intervention 
groups, it was treated as two or more studies sharinga control 
group. Two authors (SI and RK) independently assessed the 
quality of the included trials. Quality was assessed using the 
Cochrane risk of bias tool [11]. Six domains (random sequence 
generation, allocation concealment, blinding of personnel 

and participants, blinding of outcome assessors, incomplete 
data, and selective reporting) were categorized as conferring 
a low, moderate, or high risk of bias.

Statistical analysis
The blood PAI-1 level was considered as a continuous variable 
and was recorded using different units in each study; therefore, 
we analyzed this variable using standardized mean differences 
(SMDs) and 95% CIs. Therapeutic effect was considered as the 
difference among groups in the degree of change in blood 
PAI-1 levels before and after treatment. When only standard 
error or P-values were recorded, we calculated the standard 
deviation according to the method of Altman and Bland [12]. 
When standard deviation was not recorded, it was calculated 
from 95% CIs, t-values, or P-values [13].

First, as a direct comparison, we conducted standard pair-
wise meta-analysis using a random effects model. Next, as an 
indirect comparison, we performed a network meta-analysis. 
The random effects network meta-analysis was performed 
using the multivariate meta-analysis (mvmeta) routine in 
the statistical software STATA 13 (StataCorp LLC, College Sta-
tion, TX, USA) [14,15], and the results of direct and indirect 
comparisons were integrated. Furthermore, we examined 
treatment hierarchy using the surface under the cumula-
tive ranking curve (SUCRA). The SUCRA is an indicator ofthe 
efficacy of treatment for outcomes as a ranked percentage 
[16]. A SUCRA value closer to 100 indicates a more effective 
treatment, whereas a SUCRA value closer to 0 indicates a less 
effective treatment.

We examined inconsistency in the direct and indirect com-
parisons using the following methods. First, we examined the 
presence or absence of local inconsistency by comparing the 
therapeutic effect in the direct and indirect comparisons for 
all closed loops on the network (loop-specific test) [16]. Next, 
with regard to the presence or absence of global inconsist-
ency, we examined inconsistency in the overall network by 
evaluating consistency in evidence obtained from different 
treatment designs (design-by-treatment interaction model) 
[17]. When the testing results for local and global inconsisten-
cies yielded a P-value of >0.05, no inconsistency was deemed 
in the results of the direct and indirect comparisons.

Results
Description of included studies
Our literature search identified 4,021 articles, of which 12 
RCTs (1,050 subjects) complied with the inclusion criteria and 
were therefore included in the meta-analysis (Figure 1) [18-29].

Table 1 shows the characteristics of the 12 trials, and Figure 2 
shows the network map. The mean age of the participants-
was 57.8 years; 47.7% participants were women. The mean 
diabetes duration was 5.7 years, and the mean trial duration 
was 23.3 weeks. Ten oral antidiabetic drugs (glibenclamide, 
gliclazide, glimepiride, metformin, nateglinide, pioglitazone, 
linagliptin, repaglinide, rosiglitazone, and troglitazone) and 
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Figure 1. Study flow diagram.
Two reviewers independently screened titles and abstracts of the studies retrieved and examined each potentially 
eligible study by reading full texts.
PAI-1, Plasminogen activator inhibitor-1.

Figure 2. Network of clinical trials on sulfonylurea and other hypoglycemic 
drugs or placebos in patients with type 2 diabetes.
Lines connect the interventions that have been studied in head-to-head 
comparisons in the eligible randomized controlled trials (RCTs). The widths 
of the lines represent the total number of RCTs for each pairwise comparison. 
Node sizes are proportional to the number of randomized participants.
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a placebo were included in the analysis.

Assessment of potential bias
The ratio of the presence of an appropriate description ac-
cording to each domain was 25% (3/12) for random sequence 
generation, 25% (3/12) for allocation concealment, 41.6% (5/12) 
for blinding of participants and personnel, 8.3% (1/12) for 
blinding of outcome assessors, 91.6% (11/12) for incomplete 
data, and 91.6% (11/12) for selective reporting. The quality of 
RCTs greatly varied. Generally, the overall risk of bias was high, 
and most biases arose from random sequence generation, 
allocation concealment, and blinding of outcome assessors.

Direct pairwise meta-analysis
Table 2 presents the results of the direct pairwise meta-analysis.
Among glibenclamide, gliclazide, and glimepiride, the only 
drug that was compared with a placebo was glimepiride, 
and no significant difference in blood PAI-1 levels was evi-
dent among the drugs (SMD: −0.03; 95% CI: −0.54%–0.47%). 
Among the sulfonylureas, the effects of only glibenclamide 
and glimepiride on blood PAI-1 levels were compared, and 
no significant difference was found among the drugs(SMD: 

−0.23; 95% CI: 0.75%–0.29%).

Network meta-analysis
Table 2 shows the results of the network meta-analysis. No 
significant difference was observed in blood PAI-1 levels after 
using glibenclamide, gliclazide, and glimepiride compared 
with those after using the placebo. Gliclazide achieved signifi-
cantly lower blood PAI-1 levelsthan glimepiride (SMD: −0.52; 
95% CI: −0.99% to −0.44%). However, no significant difference 
was observed in blood PAI-1 levels after using glibenclamide 
and gliclazide compared with those after using glimepiride. 
In comparisons between gliclazide and other oral antidiabetic 
agents, blood PAI-1 levels were significantly lower after us-
ing gliclazide than after using metformin (SMD: −0.49, 95% 
CI: −0.97 to −0.01%). Conversely, in comparisons between 
glibenclamideor glimepiride and other oral antidiabetic 
drugs, no significant difference or significantly high blood 
PAI-1 levels were observed.

Table 3 presents the results of the SUCRA analysis. The 
SUCRA values for glibenclamide, gliclazide, and glimepiride 
were 45.2%, 70.9%, and 19.2%, respectively, with the high-
est SUCRA value observed for gliclazide. Among the 10 oral 
antidiabetic agents, the highest SUCRA value was evident 
for troglitazone (99.5%) and the lowest value was observed 
for repaglinide (18.1%).

Inconsistency between direct and indirect evidence
No local inconsistency was observed, except for oneclosed 
loop (quadratic loops;gliclazide–glimepiride–metformin–
pioglitazone). The loop-specific test revealed no significant 
difference and was consistent (P=0.13). With regard to the 
presence or absence of global inconsistency, in the design-
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Treatment SUCRA Rank

Placebo 27.8 8

Glibenclamide 45.2 6
Gliclazide 70.9 4

Glimepiride 19.2 10

Metformin 23.7 9

Nateglinide 75.4 3
Pioglitazone 39.5 7
Linagliptin 79.9 2

Repaglinide 18.1 11

Rosiglitazone 50.8 5
Troglitazone 99.5 1

Table 3. Ranking of the effect of sulfonylureas on 
blood plasminogen activator inhibitor-1 levels.

by-treatment interaction model, no significant inconsistency 
was observed between the direct and indirect comparisons 
(P=0.316).

Discussion
PAI-1 is a glycoprotein produced by vascular endothelial 
cells and enlarged adipocytes [30]. The fibrinolytic system 
is regulated by the balance between levels of PAI-1 and tis-
sue plasminogen activator, which is a protein that converts 
plasminogen into plasmin. In particular, PAI-1 contributes to 
the determination ofoverall fibrinolytic activity [3] Reportedly, 
patients with type 2 diabetes mellitus have elevated blood 
PAI-1 levels and are prone to thrombosis; therefore, a relation-
ship exists between elevated PAI-1 levels, arteriosclerosis, and 
cardiovascular disease onset [3]. Elevated blood PAI-1levels 
are caused by tumor necrosis factor-α (TNF-α), oxidative 
stress, and low-density lipoprotein-type hyperlipoproteinemia 
andare correlated with insulin resistance, triacylglycerol levels, 
and very low-density lipoprotein levels [2,5-7]. Thecontrol 
of these factors is thought to play an important rolein the 
maintenance of low blood PAI-1 levels.

Presently, sulfonylureas available for routine medical 
practice include glibenclamide, gliclazide, and glimepiride. 
When sulfonylureas bind to adenosine triphosphate-sensitive 
K+ channels found in the pancreatic β-cell membrane, they 
depolarizeit, leading to the opening of voltage-dependent 
Ca2+channels. This increases the intracellular Ca2+ concentra-
tion viaextra cellular Ca2+influx and causes insulin secretion 
[31]. Reportedly, sulfonylureas exhibit hypoglycemic effects 
through the potent stimulation of insulin secretion and extra 
pancreatic effects. Gliclazideexhibits a potent antioxidant effect 
through the azabicyclo-octyl ring in its structure. Lowering 
oxidative stress improves intravascular function and has an 
anti-arteriosclerotic effect [9] Glimepiride promotes glucose 
uptake in peripheral tissues by promoting adiponectin produc-
tion and improves insulin resistance [10]. However, few reports 

SUCRA, surface under the cumulative ranking curve.

have examined the extra pancreatic effects of glibenclamide. 
Despite the similarities between these sulfonylureas, they 
have different extra pancreatic effects and may have different 
effects on cardiovascular disease. However, their effects on 
cardiovascular disease remain unclear [32].

Because glibenclamide, gliclazide, and glimepiride have 
different extra pancreaticeffects, we hypothesized that their 
effects on blood PAI-1 levels would differ. We then investi-
gated these differences using the network meta-analysis 
method. Our results revealed that gliclazide achieved signifi-
cantly lower PAI-1 levels than glimepiride. Gliclazide exerts 
an oxidative stress-lowering effect, which is considered to 
be stronger than that of glibenclamideor glimepiride [33]. 
Furthermore, gliclazide therapy reportedly lowers TNF-α and 
increases adiponectin levels [8]. Reduced TNF-α and elevated 
adiponectin levels correlate with improved insulin resistance, 
which is thought to be associated with low blood PAI-1 levels 
[34,35]. Furthermore, glibenclamide and glimepiride carry a 
higher risk of hypoglycemia thangliclazide [36]. Low blood 
glucose levels increase blood PAI-1 levels [37], which may 
beanother reason why blood PAI-1 levels are lower after 
using gliclazide than after using glimepiride. However, in 
this study, we did not observe that blood PAI-1 levels were 
lowered more significantly by gliclazide than by the placebo. 
As a whole, the observation periods of the RCT included in 
our present study were short, with substantial discrepancy in 
patient background between each study. Further examina-
tion is warranted for ascertaining whether gliclazide exerts 
a blood PAI-1-lowering action, considering these problems, 
and with larger sample size.

In contrast, blood PAI-1 levels were significantly lower 
after using gliclazide than after using metformin. Report-
edly, metformin lowers blood PAI-1 levels, which is thought 
to be associated with improvement in insulin resistance [38]. 
However, in reports on the ability of metformin to lower 
blood PAI-1 levels,observation periods varied from short to 
long [38,39]. Few reports have directly compared the effects 
of gliclazide and metformin on blood pAI-1 levels, and we 
believethat this issue requires further examination in the 
future. In the present study, of the agents examined, rosigli-
tazone achieved the greatest reduction in blood PAI-1 levels. 
Thiazolidine derivatives, including rosiglitazone, act on the 
nuclear receptor peroxisome proliferator-activated receptor-γ 
in target organs, such as the skeletal muscles and liver,to 
improve insulin resistance. Furthermore, thiazolidine deriva-
tives exhibit hypoglycemic effects by increasing adiponectin 
levels and improving insulin resistance in peripheral tissues. 
However, the use of rosiglitazone hasbeen discontinued, 
and it cannot be used in routine medical practice at present.

Although it remains unclear whether the administration of 
sulfonylureas impedes cardiovascular disease onset, which 
is the endpoint [32], the outcomes of the present study, i.e., 
blood PAI-1 levels, could serve as a surrogate marker for 
cardiovascular disease onset [3]. In the present study, glib-
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enclamide, gliclazide, and glimepiride were compared with 
the placebo, and no significant decrease in blood PAI-1 levels 
was observed after using the agents. However, on comparing 
the three agents, blood PAI-1 levels were significantly lower 
after using gliclazide than after using glimepiride. Aprior 
study reported that gliclazide administration to patients with 
type 2 diabetes reduced the rate of cardiovascular deaths 
[40]. From the perspective of blood PAI-1 levels, when using 
sulfonylureas in patients with type 2 diabetes mellitus, we 
believe that the use of gliclazidemay bepreferable.

To our knowledge, this is the first study to examine the 
effects of sulfonylureas on blood PAI-1 levels using network 
meta-analysis. Because trials with direct comparisons (head-to-
head clinical trials) of drug effects are limited, the differences 
in drug effects to be evaluated are often unclear. Network 
meta-analysis enables differences in drug effects to be esti-
mated on the basis of trials with direct comparisons and is a 
method that enables the most effective drugs to be ranked. In 
the RCTs included in the present study, direct comparison was 
performed only for glibenclamide and glimepiride. Indirect 
comparison by network meta-analysis enabled differences 
in the effects of the three agents examined. 

This study has several limitations. First, we included rela-
tively few RCTs, which may have resulted in weak statistical 
power. Furthermore, we included a few RCTs and could not 
perform subgroup analyses according to the age and the 
presence or absence of obesity, thereby restricting us from 
conducting a detailed analysis. Second, we cannot exclude 
the possibility that the literature in databases that we did 
not search could have affected our results. Third, there were 
largevariations between RCTs included in this study in terms 
of the observation period and drug doses used. Accordingly, 
caution should be exercised when interpreting and gener-
alizing our results. Fourth, while we compared the effect of 
sulfonylureas on blood PAI-1 levels, we could notelucidate 
the underlying mechanism (such as whether an improvement 
in the insulin resistance and oxidative stress were involved). 
Last, the quality of included RCTs was generally poor, which 
casts doubt on the validity of our results.

Conclusions
We examined differences in the effects of glibenclamide, 
gliclazide, and glimepiride on blood PAI-1 levels. Our results 
revealed that blood PAI-1 levels were not significantly lower 
after using these agents than after using theplacebo. However, 
blood PAI-1 levels were significantly lower after using gliclazide 
than after using glimepiride. From the perspective of blood 
PAI-1 levels, when using sulfonylureas in patients with type 
2 diabetes mellitus, we believe that the use of gliclazide is 
preferable. However, few studies were included in the present 
analysis, and their quality was generally poor; therefore, we 
feel that caution should be exercised when interpreting our 
results. Further analyses should be performed that take into 
account the limitations of our study to determine the effects 

of sulfonylureas on serum PAI-1 levelsin patients with type2 
diabetes mellitus.
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