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ABSTRACT
Since their inception in the commercial market
in the mid-twentieth century, sulfonylureas
(SUs) have remained a therapeutic option in the
management of type 2 diabetes (T2D). Despite
their established glucose-lowering effects, there
is no consensus among global experts and
modern guidelines regarding the priority of SUs
in relation to other therapeutic options, given

the lack of evidence that SUs are associated with
a low risk of macrovascular events and excess
mortality. However, findings from recent trials
and real-time observations have resolved this
contentious issue somewhat, albeit to varying
degrees. The present consensus discusses the
role of SUs in contemporary diabetes management in the Gulf Cooperation Council (GCC)
countries. Regional experts from these countries
gathered virtually to formulate a consensus
following presentations of topics relevant to SU
therapy with an emphasis on gliclazide,
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including long-term efficacy, cost, end-organ
benefits, and side effects, based on up-to-date
evidence. The present narrative review reflects
the conclusions of this assembly and provides a
platform upon which future guidelines for the
use of SUs in the GCC can be tailored.
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Key Summary Points
The role of sulfonylurea (SU) in the
management of diabetes within the Gulf
Cooperation Council countries is
reviewed
Newer-generation SUs, specifically
gliclazide MR and glimepiride, are costeffective options that can provide efficient
glycemic control with cardiovascular
safety and renal benefits
Despite the provision of universal health
care coverage in the GCC, cost is still an
issue to consider, and this issue sets SU
apart from newer agents for T2D
management
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INTRODUCTION
The last estimates from the International Diabetes Federation (IDF) atlas indicated a sustained and still alarming increase in the global
prevalence of diabetes from 9.3% (463 million
cases) in 2019 to an expected 10.9% (700 million cases) in 2045 [1]. Consequently, global
spending on diabetes is also expected to grow
from USD 760 billion in 2019 to USD 845 billion in 2045 [2].
Among all geographical regions, the Middle
East and North Africa (MENA) registered the
highest age-adjusted prevalence of diabetes in
2019 (12.2%), and this prevalence is predicted
to rise by as much as 13.9% by 2045 [1]. Despite
having shared customs, culture, and language,
there are huge disparities among the MENA
nations in terms of their economies and
resources, which may also partially explain the
unequal distribution of noncommunicable diseases, diabetes in particular [3]. Clustered in the
MENA region is a political and economic alliance of six Arab sovereign states known as the
Gulf Cooperation Council (GCC), consisting of
Bahrain, Kuwait, Oman, Qatar, the Kingdom of
Saudi Arabia (KSA), and the United Arab Emirates (UAE). As a bloc, the prevalence of diabetes
in the GCC is one of the highest in the world,
which has led to one of the biggest healthcare
expenditures on diabetes [1, 4]. While many of
the GCC states have developed their own
national guidelines for diabetes in response,
management remains suboptimal [5]. Management limitations have less to do with physicians
and more to do with the patients in the GCC.
Factors such as health beliefs, cultural and religious factors, and a lack of knowledge about
diabetes cumulatively influence a patient’s
decision to adhere to treatment [6, 7]. Hence, it
is clear that while progress is being made, there
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is still much to be done given the enormous
burden that will be posed by diabetes if the
current norm is maintained. As diabetes management around the world is quickly evolving
from algorithms to customized therapies, it
makes sense to apply this strategy in the GCC
region, given the increasing number of glucoselowering drugs/therapies available on the market and noting that the individual circumstances of the patient undoubtedly affect their
outcome [8].
As glucose control is the foundation of diabetes management, most international guidelines recommend the use of metformin together
with lifestyle changes as the first line of management in newly diagnosed type 2 diabetes
(T2D) patients [9–11]. Discrepancies between
the guidelines mostly relate to the recommendations for second-line agents. Among those
agents are the oldest non-insulin glucose-lowering drugs, the drug class known as sulfonylureas (SUs). The continuing popularity of SUs
as second-line drugs for diabetes can be
explained not only by their long-established
track record as insulin secretagogues but also by
several endpoints, including efficacy, treatment
adherence, decline in b-cell function, tolerability over time, and affordability. These characteristics have allowed SUs to retain their
prominent position in diabetes management,
even with the release of newer, more expensive
classes of glucose-lowering drugs with fewer side
effects. Even so, given concerns over their cardiovascular safety and their associations with
weight gain and hypoglycemia, SUs are mainly
included in major international guidelines due
to their affordability, and some SUs are more
prominent in diabetes management than others
[12, 13].
In this narrative review, the present and future
role of newer-generation SUs, gliclazide in particular, in the management of diabetes within
GCC settings is reviewed. It is important to consider that while there is already a plethora of
published international guidelines on SU use,
which most GCC physicians follow, the region
where the burden of diabetes is striking, lacks its
own guidelines. The present consensus on SU use
aims to partially fill this gap. This article is based
on previously conducted studies and does not
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contain any new studies with human participants
or animals performed by any of the authors.

GCC TASK FORCE
Twelve regional therapeutic experts across the
GCC region (five from Saudi Arabia, one from
Kuwait, one from Bahrain, three from the United Arab Emirates, one from Oman, and one
from Qatar) convened twice (on October 31,
2020 and November 24, 2020) to discuss SU use
in current practice within GCC settings. Both
meetings were hosted virtually. Objectives and
specific topics relating to SU were assigned to
each expert on the first meeting, and they were
given 3 weeks to conduct a literature review
that took into consideration the most robust
and up-to-date literature, including select but
relevant systematic reviews and meta-analyses
of the assigned topics. In the second meeting,
each expert presented their review, which led to
group discussion and deliberation. An online
survey was also distributed amongst other
experts and colleagues within the GCC region
to determine the extent of SU use in the GCC in
real time, their preferred SU drugs, and the
guidelines they adhered to for diabetes management. The present paper is a reflection of
what was presented and discussed in the group’s
assemblies. This consensus was endorsed by the
Gulf Association of Endocrinology and Diabetes, the Bahrain Diabetes Society, the Emirates Diabetes Society, and the Saudi Diabetes
Society.

SUMMARY OF SU HISTORY
The landmark discovery of sulfonylureas (SUs)
followed on from the observation of glucoselowering effects of synthetic sulfur compounds
by Ruiz and colleagues in 1937 [14]. This
observation was confirmed clinically years later
by Janbon and his group, who, by chance,
noted incidental hypoglycemia among individuals infected with typhoid fever and treated
with p-amino-sulfonamide-isopropyl-thiodiazole [14]. In 1946, these compounds were
acknowledged to trigger insulin release via the
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stimulation of pancreatic b cells, and within a
decade they had become the first widely distributed oral hypoglycemic drugs [14, 15]. More
than 60 years have passed since the first generation of SUs (tolbutamide, tolazamide, chlorpropamide,
and
acetohexamide)
were
successfully launched into mainstream clinical
practice as oral glucose-lowering agents for the
management of type 2 diabetes (T2D) [14]. It
did not take long, however, for the first major
controversy regarding SUs to emerge, when
tolbutamide was deemed to have caused an
excess of cardiac deaths by the University Group
Diabetes Program (UGDP), leading to the premature termination of this limb of its multicenter, placebo-controlled clinical trial [16].
While the UGDP study itself faced a backlash
and intense scrutiny, it was not until the
emergence of newer generations of safer and
more potent SUs that the controversy started to
fade, albeit with lingering skepticism until the
cardiac safety of the new SUs has been fully
established [17].
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MECHANISM OF ACTION
Figure 1 shows a schematic of the general
mechanism of action of SUs. In brief, SUs
stimulate the release of insulin from the b cells
of the pancreatic islets via closure of the adenosine triphosphate (ATP)-sensitive potassium
(KATP) channel [18]. The same channel can be
closed by a buildup of ATP, the end-product of
mitochondrial glycolysis. Once the KATP channel is blocked, intracellular K? ions start to
accumulate, which depolarizes the inner membrane of the cell, leading to an influx of extracellular Ca2?. These calcium ions bind to
insulin vesicles and promote insulin release into
the circulation [19]. Once insulin latches onto
its cell receptor, it activates the glucose transporter GLUT2, which transports glucose molecules into the cell, initiating mitochondrial
glycolysis. It should be mentioned that KATP
channels are also abundant in several tissues
other than pancreatic b cells, including muscles
(skeletal, cardiac, and smooth) as well as some
neurons [18]. These extrapancreatic KATP channels respond to different SU classes based on
their sulfonylurea receptor (SUR) affinities [19].
Tolbutamide
(a
first-generation
SU),

Fig. 1 Mechanism of action of SUs. The SU blocks the KATP channel once it binds to a SUR, leading to an alteration in
internal membrane polarity and causing an inﬂux of Ca2?, which then promotes exocytosis of insulin vesicles
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glibenclamide (a second-generation SU), and
glimepiride (sometimes classified as a thirdgeneration SU), for instance, target the SUR-1
found in b cells and, to a certain extent, the
SURs 2A and 2B found in cardiac tissue and
smooth muscle, respectively, while gliclazide
MR (a third-generation SU) only has a high
affinity for SUR-1 [19–21]. The restoration of the
early insulin peak secondary to glucose and the
stronger reversible binding of gliclazide MR to
the b cell’s SUR1 receptor compared to other
SUs could be responsible for reduced pancreatic
stimulation, which translates into a reduced
incidence of hypoglycemia [22]. Furthermore,
this affinity for extrapancreatic SURs has been
hypothesized to inhibit ischemic preconditioning and to translate into varying degrees of
adverse hypoglycemia and cardiovascular outcomes with some SUs [23–26]. These are also the
same pharmacodynamics that made SUs the
drugs of choice for neonatal diabetes secondary
to genetic mutations in KATP channels [27].

LONG-TERM EFFICACY AND SAFETY
ADVANCE and CAROLINA Studies
Achieving glycemic control is the cornerstone
of T2D management, and while metformin
remains superior to other oral medications as a
first-line monotherapy for T2D [28], physicians
always consider add-on medications when
needed, and factors such as long-term efficacy
and safety are paramount in the decision-making process. Given the long history of SUs in the
market, their risks and benefits are much more
extensively documented compared to their
successors [29–34]. The Action in Diabetes and
Vascular Disease: Preterax and Diamicron
Modified
Release
Controlled
Evaluation
(ADVANCE) trial was a clinical trial with a longterm follow-up ([ 5 years) that aimed to ascertain the vascular benefits of intensified glucose
control (glycated hemoglobin, HbA1c \ 6.5%)
[35]. This landmark study was the largest of its
kind, involving 215 collaborating international
institutions, and was designed to randomize
more than 11,000 T2D patients 55 years and
older across regions to either intensive glucose

2119

control (including gliclazide modified release,
MR) or standard glucose control [35, 36]. The
ADVANCE trial proved that, compared to standard therapy, tighter glycemic control in T2D
patients (HbA1c \ 6.5) can be achieved [HbA1c
reduction 0.67 (95% confidence interval, CI
0.64–0.40; p \ 0.0001)] and maintained for a
longer duration (5 years) using a SU-based regimen, which translated into a 14% reduction in
microvascular events (95% CI 3.0–23%;
p = 0.015). Furthermore, while the regimen did
not yield a significant reduction in macrovascular events [hazard ratio, HR 0.94 (95% CI
0.84–1.06); p = 0.32] or mortality from any
cause [HR 0.93 (95% CI 0.83–1.06); p = 0.28], it
was considered safe and practical [35–37]. Longterm ([ 5 years post-trial) observational followup studies also indicated a significant cumulative benefit (as much as 46%) in relation to endstage kidney disease (ESKD), suggesting that
renal protection persisted long after the surviving participants returned to their usual care
[38, 39].
Another large-scale trial demonstrated that
linagliptin, a dipeptidyl peptidase-4 (DPP-4)
inhibitor, poses a noninferior risk of first threepoint major adverse cardiovascular events (3PMACE) as compared to glimepiride [40]. Prior to
that study, SUs and DPP-4 inhibitors were
already common second-line therapies for T2D,
but the safety profile of SUs appeared to be
worse than that of DPP-4 inhibitors, based on
observational and intervention studies [41].
Known colloquially as CAROLINA (Cardiovascular Outcome Study of Linagliptin versus Glimepiride in Patients with Type 2 Diabetes), the
trial is the only DPP-4 inhibitor cardiovascular
outcome study with an active comparator. A
total of 6042 T2D subjects with established
cardiovascular risk from 600 international
institutions were randomly assigned to receive
either glimepiride or linagliptin, and were followed up for an average of 6 years. The composite endpoint, time to 3P MACE, was
significant for noninferiority (HR 0.98, 95% CI
0.84–1.14; p \ 0.001). Modest weight loss was
observed in the linagliptin group as compared
with the glimepiride group, with a mean difference of 1.54 kg (95% CI - 1.8 to - 1.28)
[39]. The incidence of hypoglycemic episodes
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was also significantly lower in the linagliptin
group across all the subgroups analyzed, and
death from any cause was comparable for the
groups.
UK Clinical Practice Research Datalink
(CPRD) Study
Zaccardi and colleagues retrospectively compared the safety and efficacy of gliclazide MR
versus sitagliptin post metformin monotherapy
using real-time primary care data for 1986 T2D
patients treated for up to 9 years in the UK
CPRD study [32]. Outcomes revealed the superiority of gliclazide MR over sitagliptin in terms
of rapid achievement of target (HbA1c \ 7.0%),
with gliclazide MR giving a 35% higher probability of target attainment within just 3 months
[HR 1.35; 95% CI 1.15–1.57; p \ 0.001]; similar
durabilities and persistences were reported for
both drugs. The latter and former characteristics
of T2D treatment can be indicative of several
endpoints, including efficacy, cost, treatment
adherence, decline in b-cell function, and tolerability over time. Furthermore, given that the
effects of SUs on b-cell exhaustion have always
been a major concern, gliclazide’s mode of
action in reversibly binding to SUR1 receptors
was observed to result in a significantly longer
duration to treatment failure than observed
with other SUs [33, 42]. In this study, gliclazide
MR and sitagliptin had comparable durabilities
and persistences of more than 2.5 years. Lastly,
the incidence rate of symptomatic hypoglycemic events was low for both groups, with
4.7 events per 1000 patient years observed for
gliclazide MR versus 2.6 events per 1000 years
for sitagliptin [32].
The results of the ADVANCE and CAROLINA
trials, as well as the CPRD observational study,
largely secured the place of newer-generation
SUs—gliclazide and glimepiride in particular—
in modern T2D management. While the findings of the CAROLINA trial reinforced the use of
both SUs and DPP-4 inhibitors as additional
therapies to metformin given their long-term
safety profiles, DPP-4 inhibitors were given
preference over SUs as second and third lines of
therapy in the recent joint guidelines of the

American Diabetes Association (ADA) and the
European Association for the Study of Diabetes
(EASD) [10]. However, global institutions such
as the World Health Organization (WHO) continue to categorically recommend SUs as the
first-choice second-line therapy for patients
whose glucose levels cannot be adequately
controlled by metformin [43], as do national
guidelines from developing nations such as
India [44].

END-ORGAN BENEFITS
Cardiac
Independent of other risk factors, people with
diabetes are twice as likely to develop cardiovascular diseases compared to those without
diabetes [45], so the issue of the cardiac benefit
of any antidiabetes drug is of paramount
importance. Despite more than half a century of
clinical use, concerns about their cardiac safety
continue to haunt SUs. This is partly because
the extensive literature available on their association with cardiovascular events is not only
inconsistent but also lacks any conclusive evidence of harm associated with their use as second-line agents [46]. While the cardiac safety
profile of SU use from the ADVANCE study and
the cardiovascular outcome trial data (CVOT)
from the CAROLINA trial were, at best,
encouraging from the perspective of most
practitioners [40], the influx of more promising
cardioprotective evidence for newcomers such
as sodium-glucose co-transporter-2 (SGLT-2)
inhibitors and glucagon-like peptide-1 receptor
(GLP-1) receptor agonists will substantially
influence future therapeutic choices, especially
for T2D patients with established cardiovascular
or renal disease [47, 48]. Still, it has been
demonstrated that newer-generation SUs, such
as glimepiride in the CAROLINA study and gliclazide MR in ADVANCE, are CV safe and are
not associated with an increased CV risk.
Among elderly ([ 75 years) T2D patients, glycemic management with a SU remains an
option, but it should be dispensed with great
caution given the elevated risk of adverse reactions such as hypoglycemia, its questionable
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cardiac safety, and renal impairment [49].
However, in circumstances where affordability
and availability are important issues, it is still
clinically useful to know which of the widely
used and less-expensive medications, including
SUs, can achieve glycemic targets with a low risk
of adverse outcomes.
The Thiazolidinediones Or Sulfonylureas
and Cardiovascular Accidents Intervention Trial
(TOSCA.IT) is the only major trial to have
assessed the CVOT from using older diabetes
drugs as second-line agents to metformin in
T2D individuals with mild-to-moderate cardiovascular risk [50]. This large-scale study with a
follow-up period of almost 5 years involved
more than 3000 T2D patients who were randomly assigned to receive either pioglitazone or
a SU (gliclazide, glimepiride, or glibenclamide).
According to the results of TOSCA.IT, the
pioglitazone and SU groups did not differ significantly in fatal or nonfatal cardiovascular
events, nor in all-cause mortality [51]. Aside
from this lack of difference between the treatment groups, the study had a high dropout rate
and, as such, the generalizability of the results
of the study should be interpreted with caution.
It is worth noting, however, that the authors
reported that pioglitazone was superior to SUs
in providing cardiovascular protection to those
who were either free from evident cardiovascular disease or were in the early stages of diabetes
[52].
With respect to providing a lower cardiac
risk, studies of SU drugs have consistently found
in favor of the newer-generation SUs such as
gliclazide and glimepiride [53], but not all
[54, 55], proving that physicians should still
consider differences in cardioprotection when
selecting a SU. In fact, several early studies
noted poor mortality outcomes when using SUs
in combination with metformin [55–57], as well
as an increased risk of cancer [58]. Nevertheless,
in a systematic review and network meta-analysis of controlled studies reporting the risk of
all-cause mortality, CV mortality, or myocardial
infarction (MI), later-generation SUs such as
glimepiride and gliclazide were associated with
a significantly lower risk of all-cause and CV
mortality compared to glibenclamide [59],
whereas glibenclamide was associated with a
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lower risk of sudden cardiac arrest and ventricular arrhythmias, at least when compared to
glipizide, and may be associated with a reduced
risk of ventricular tachycardia and isolated
ventricular premature complexes [60]. Still,
among all SUs, gliclazide has been associated
with the lowest risk of cardiovascular-related
mortality (followed by glimepiride), as well as
the lowest risk of severe hypoglycemia [61].
Renal
The benefit of SU use for microvascular outcomes was initially demonstrated by the UK
Prospective Diabetes Study (UKPDS 33) trial,
which compared the effects of intensive
(N = 2729) versus conventional (N = 1138) glucose control over a 10-year period in newly
diagnosed T2D patients. The trial found that
intensive
treatment
with
glibenclamide
decreased the risk of microvascular complications by 25% (p = 0.0099) [62]. Renal safety
upon SU use is of particular interest in the
Middle East and the GCC region since they have
a high prevalence of chronic kidney disease
(CKD) risk factors [63], and yet the epidemiology is largely understudied and underestimated
[64, 65]. So far, the ADVANCE trial has provided
evidence that the long-term intensive use of
gliclazide prevents ESKD [35], and real-time
observational data [66] indicate that it even
confers additional protection from renal complications compared to other SUs (glimepiride
in particular) in certain populations. This benefit was still seen after 6 years of follow-up, at
which point it showed significant protection
against end-stage renal disease (ESRD) (HR 0.54,
95% CI 0.34–0.85; p = 0.007) [37–39]. As diabetes is a major risk factor for CKD [67], specialized expert groups such as the Kidney
Disease: Improving Global Outcomes (KDIGO)
team, with the endorsement of both ADA and
EASD, recommend that glycemic management
for T2D patients with CKD should involve a
combination of metformin and a SGLT-2 inhibitor as first-line therapy, with other drugs such
as SUs considered only when additional therapies are needed for optimum glycemic control
[68]. It is worth mentioning that SGLT-2
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inhibitor use is restricted in patients with renal
failure, in which case GLP-1 receptor agonists
are considered (down to an eGFR of 15 ml/ml)
[68]. Among SUs, KDIGO prefers glipizide for
patients under dialysis, since it is largely
metabolized in the liver and poses a lower
hypoglycemic risk compared to other SUs [69].
Other groups such as the Association of British
Clinical Diabetologists (ABCD) only recommend the use of one SU, gliclazide, and only at a
low dose with constant monitoring, given that
T2D patients with CKD are at higher risk for
severe hypoglycemia. Furthermore, they do not
recommend SU use in T2D patients with an
estimated glomerular filtration rate (eGFR)
of \ 30 ml/min/1.73 m2 [70].
Tables 1 and 2 summarize the end-organ
benefits (the cardiac and renal benefits in particular) of SU-based therapies, according to the
more recent trials.

SIDE EFFECTS
Major Hypoglycemia and Ramadan
Studies
Historically, the use of SUs as a monotherapy or
in combination has, in general, been perceived
to increase the risk for major hypoglycemic
events as compared to other diabetes medications [71–73]. The risk is higher for most insulin
secretagogues than for other DM drugs, and is
in fact a strong indicator of poor prognosis
among T2D patients [74]. Accumulating evidence has, however, consistently demonstrated
that, among SU drugs, gliclazide poses the
lowest risk for episodes of major hypoglycemia
[30, 75, 76], and that this risk is comparable to
those posed by other commonly used secondline therapeutic drugs [32, 34, 55]. The risk for
major hypoglycemia becomes even more
important to consider during the holy month of
Ramadan, the annual month-long fasting performed religiously by Muslims all over the
world, the GCC included. In general, some
people with diabetes are not recommended to
undertake the fasting component of Ramadan
[77, 78]. However, for many who are passionate
to observe this season despite the associated
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risks, the personal decision to fast should at
least be made after a careful risk assessment
with their physician, considering the responsibilities, level of discipline, and knowledge needed to prevent adverse events through
education as well as the type of diabetes management employed [78, 79]. The clinician’s
decision regarding the appropriate diabetes
medication should therefore be highly individualized, with the previously mentioned factors
taken into account to ensure glycemic control
with the least possible harm to the fasting diabetic patient. Several multinational studies have
provided strong evidence that newer-generation
SUs are safe and tolerable in this type of scenario [75, 80–82].
In a multinational head-to-head clinical trial
involving 1066 T2D patients from 6 MiddleEastern nations, Al Sifri and colleagues compared the incidence during Ramadan of symptomatic hypoglycemia with a DPP-4 inhibitor
(sitagliptin) to that with SUs [80]. The study
observed a clinically significant reduction in the
incidence of symptomatic hypoglycemia with
sitagliptin [HR 0.51, 95% CI 0.34–0.75;
p \ 0.001]. Using the intent-to-treat population
and with the patients on SUs classified as a
single group, the incidence of symptomatic
hypoglycemia was 13.2%, compared to only
6.7% in the sitagliptin group. When the SU
group was stratified, however, it was observed
that those on gliclazide had an incidence comparable to those on sitagliptin (6.6%), and that
the higher incidence for the SU group was largely driven by other SU classes (19.7% in the
glibenclamide group and 12.4% in the glimepiride group) [79]. These findings were echoed
in an analogous trial conducted among 870
Muslim patients with T2D from India and
Malaysia by Aravind and colleagues [81]. In
their study, the intent-to-treat reported incidence of at least one symptomatic hypoglycemia was significantly lower in the
sitagliptin arm than in the SU arm (3.8% versus
7.8%, respectively) [HR 0.52, 95% CI 0.29–0.94;
p = 0.028] [81]. Similar to the trial in the Middle
East [78], among the SUs, the incidence of
symptomatic hypoglycemia was again lowest
for those on gliclazide (1.8%) [81]. While both
trials agreed that a DPP-4 inhibitor was a safer
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Table 1 Cardiac and renal beneﬁts of SU-based therapies, as observed in the ADVANCE trials
Study

T2D participants

ADVANCE

No difference between
N = 11,140 adults C 55 years with known
groups in the
major macrovascular or microvascular
frequency of
disease or C 1 other risk factor for vascular
macrovascular events
disease, allocated to either standard therapy
during
(other SUs) or intensive therapy using
intervention [HR 0.94,
gliclazide MR for 5 years (N = 5571
95% CI
intensive control: 42.6% females, 32.2%
0.84–1.06; p = 0.32]
history of major macrovascular disease,
27% history of microalbuminuria, 90.5%
on gliclazide MR at end of follow-up;
N = 5569 standard control: 42.3%
females, 32.3% history of major
macrovascular disease, 26.7% history of
microalbuminuria, 1.6% on gliclazide MR
at end of follow-up)

Patel et al.
[35]

ADVANCE
ON
Zoungas
et al. [37]

Perkovic
et al. [38]

Cardiac outcomes

Renal outcomes
14% decrease in major microvascular
events [HR 0.86, 95% CI 0.77–0.97;
p = 0.01] and 21% relative reduction in
worsening nephropathy [HR 0.79, 95%
CI 0.66–0.93; p = 0.0006] with
gliclazide MR

N = 8494 participants with post-trial follow- No differences after follow- Cumulative beneﬁt regarding end-stage
renal disease (ESRD)* [HR 0.54, 95%
up in major
up of 5.9 years (N = 4283 intensive
CI 0.34–0.85; p = 0.007]
macrovascular events
control: 43.6% females, 29.7% major
[HR 1.0, 95% CI
macrovascular disease, 9% major
0.92–1.08; p = 0.93]
microvascular disease; N = 4211 standard
control: 42.3% females, 30.9% major
macrovascular disease, 9.9% major
microvascular disease)
N = 11,140 (N = 5571 intensive control:
42.6% females, 27% history of
microalbuminuria, no CKD 54.8%;
N = 5569 standard control: 42.3%
females, 26.7% history of
microalbuminuria, no CKD 55%)

Risk of ESRD was 65% lower (HR 0.35,
95% CI 0.15–0.83; p = 0.02) with
gliclazide MR
Risk of albuminuria reduced by 9% (95%
CI 2–15%; p = 0.01) with intensive
treatment

Note: *Few events recorded

option than a SU for T2D patients observing
Ramadan, it is worth mentioning that this
advantage was apparent only when all patients
on any SU drug were clustered into one group,
and that its conferred higher protection from
symptomatic hypoglycemia became similar to
the protection provided by gliclazide in particular when the SU drugs were analyzed
separately.
The promising safety profile of gliclazide as
the SU of choice for T2D patients fasting during
Ramadan has been confirmed in a recent largescale, real-time observational study by

Hassanein and colleagues [82]. In this study
involving 1244 T2D adults from 9 countries in
the Middle East, the Indian subcontinent and
Southeast Asia, the incidence of hypoglycemia
while on gliclazide MR treatment was recorded
for a 14- to 18-week period encompassing
Ramadan. The findings revealed that there were
no severe hypoglycemia events during the
entire observation period and that the incidence of symptomatic hypoglycemic events was
low (2.2%). In parallel, the study also showed
clinical improvements in the metabolic profile,
with marked reductions in HbA1c (- 0.3%) and
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Table 2 Cardiac beneﬁts observed in recent glycemic equipoise SU trials
Study

T2D participants

Cardiac outcomes

N = 3028 adults 50–75 years old with low
No difference between groups in primary
cardiovascular
risk
and
with
insufﬁcient
glycemic
cardiovascular outcomes in intent-to-treat analysis
Vacarro et al.
control from metformin who were allocated to
[HR 0.96, 95% CI 0.74–1.26; p = 0.79] and on[51]
pioglitazone (N = 1535, 59% men, 12% previous
treatment (post-hoc) analysis [0.82, 95% CI
CVD, 7% previous MI) or SU (N = 1493, 58%
0.60–1.1; p = 0.19)
men, 10% previous CVD, 6% previous MI).
Interim futility analysis ended the trial after
57.4 months of follow-up

TOSCA.IT

CAROLINA N = 6042 adults with elevated cardiovascular risk, Noninferior risk of major cardiovascular event [HR,
HbA1c 6.5–8.5, who were allocated to receive
0.98, 95.47% % CI 0.84–1.14; p \ 001 for
Rosenstock
either linagliptin (N = 3023, 60.8% men, 37.4%
noninferiority]. Time to all-cause mortality not
et al. [40]
multiple CVD risk factors, 32.1% history of
signiﬁcant [HR 0.91, CI 0.78–1.06; p = 0.23]
coronary artery disease) or glimepiride (N = 3010,
59.2% men, 36.9% multiple CVD risk factors,
31.2% history of coronary artery disease). Followed
up for 6.3 years

weight (- 0.5% kg) over time (p 0.001) [82].
Table 3 summarizes the findings from the
highlighted studies on the safety of SU use
during Ramadan.
Weight Gain
Another unsolicited side effect of SU use is
weight gain [83]. This is an unwanted consequence, especially in the GCC region, which is
already plagued by both diabetes and obesity
[3, 62, 84]. In the ADVANCE trial, an overall
weight gain of 0.7 kg over a 5-year period was
observed among those allocated to receive gliclazide [35]. However, when subpopulations of
the same ADVANCE cohort were analyzed based
on type of medication and glycemic control at
trial entry, participants who were already on a
progressive titration model of gliclazide over
time—an approach consistent with actual clinical practice—showed no weight gain [34]. This
discrepancy in results for the same trial implies
that outcomes changed considerably when
participants whose diabetes management had
been abruptly altered by trial allocation were
clustered together with those already receiving

the same treatment. Gliclazide’s effect on
weight was even more beneficial during short
than long treatment periods, as demonstrated
by the EASYDia trial, where participants with a
baseline body mass index C 25 kg/m2 actually
lost weight over a 6-month period (- 0.9 kg to
- 2.2 kg) [30], and by the DIA-RAMADAN
study, where an overall mean weight loss of
0.5 kg was observed over a 14- to 18-week period
[78]. Results from the studies mentioned above
uniformly imply that there is no evidence of
weight gain from SU use, particularly with
gliclazide.
Cost Comparison
Globally, the health-related expenditure for
T2D imposes a huge burden on individuals with
T2D and their families, especially in low- to
middle-income countries [2, 85]. Medication
costs can be a major source of stress for T2D
patients, and can contribute to poor adherence
to medications [86]. Cost-reducing strategies
may improve adherence in some cases [87]. The
recent prices listed for non-insulin therapies in
the ADA clinical practice guidelines showed
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Table 3 Safety of SU use during Ramadan
Study

T2D participants

Outcomes

Al Sifri et al.
[80]

N = 1066, C 18 years of age, on a stable dose of Symptomatic hypoglycemia was observed in 4.8% of
SU with or without metformin 3 months prior to
patients in the sitagliptin arm versus 14.3% in the
the clinical trial, and allocated to maintain their
SU arm in the per-protocol population, driven
SU use or to sitagliptin
mostly by glibenclamide and glimepiride users
[HR 0.33, 95% CI 0.20–0.57; p \ 0.001].
Among the SUs, symptomatic hypoglycemia was
lowest with gliclazide (6.6%), followed by
glimepiride (12.4%) and glibenclamide (19.7%).
No events required medical intervention

Aravind et al.
[81]

N = 870, C 18 years of age, on a stable dose of SU Symptomatic hypoglycemia was lower in the
with or without metformin for at least 3 months,
sitagliptin than in the SU group (3.8% versus
and allocated to maintain their SU use or to
7.8%) [HR 0.52, 95% CI 0.29–0.94; p = 0.028].
sitagliptin
Among the SUs, symptomatic hypoglycemia was
highest with glimepiride (9.1%), followed by
glibenclamide (5.2%) and gliclazide (1.8%). Both
arms were well tolerated

N = 1214, C 18 years of age, and on gliclazide MR Overall, 2.2% patients had C 1 symptomatic
DIARAMADAN
alone or in combination 90 days before ﬁrst visit;
hypoglycemic event (conﬁrmed or suggestive)
gliclazide maintained for 14–18 weeks
(0.2% pre-Ramadan, 2.2% during Ramadan, and
Hassanein
(6–8
weeks
pre-Ramadan,
4.5
weeks
during
0.3% after Ramadan). None of the participants
et al. [82]
Ramadan, and 4–6 weeks post-Ramadan)
had a severe hypoglycemic event during the entire
study period

that the low costs of SU utilization do not
account for discounts, rebates, or other price
adjustments that are common in prescription
sales and affect the actual cost to the patient
[88].
Since GCC healthcare services are provided
free to residents and expatriates by the government or insurance companies, literature allowing cost comparisons of DM drugs is limited. In
Saudi Arabia for instance, the cost of DM drugs
is not a major factor when the physician needs
to choose or switch therapies; such decisions are
driven mostly by efficacy, tolerability, favorable
effects on weight gain, and risk reduction for
symptomatic hypoglycemia [89]. Despite an
underinvestment in healthcare services compared to most developed nations [90], treatment prevalence is relatively high in GCC
countries ([ 80%) [4], and improvements in

national policies over the years have helped to
reduce the economic burden of diabetes [5]. The
direct costs of diabetes mostly affect low-skilled
expatriate workers, who occupy a huge percentage of the GCC migrant workforce. Under
these circumstances, where cost is a major
consideration, the lower prices of SUs compared
to their counterparts represent a major advantage, and—when coupled with their comparable
efficiency in terms of glycemic control and tolerability—make SUs a prime choice for T2D
management [10, 43, 55, 91].
SUs as the Standard of Care in the GCC
Modern guidelines and consensuses available
for diabetes management have expressed mixed
opinions regarding SU use, and while they categorize relevance according to different SU
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drugs and the patient’s preexisting conditions,
SUs in general, remained consistently popular
throughout the decades, and have secured their
place in the contemporary arsenal for the global
fight against diabetes for the years to come. The
most widely used consensus, that of the ADA/
EASD, ranks SUs as the last option for patients
with established cardiovascular or renal disease,
and suggests that they should only be prioritized when cost is an issue [10]. In contrast,
recommendations where evidence has been
appraised and rigorously evaluated, such as
those from WHO and IDF, include SUs as the
best options for second-line management
[12, 43, 92].

CONCLUSIONS
With the increase in the DM medications at the
clinician’s disposal comes an even greater
responsibility to carry out more robust scrutiny
and customized T2D management. Hence,
given our present but still evolving knowledge
about SUs, it has become increasingly clear that
the newer-generation SUs have the same glucose-lowering potency as their predecessors.
These newer-generation SUs are often superior
to other drug classes in terms of speed in
achieving in glycemic control, offer better protection against adverse cardiac and renal outcomes, and show low incidences of untoward
side effects that can rival those of other DM
drugs, making them the safer option among
SUs. Most endocrinologists in the region,
including the experts in this therapeutic area
who were involved in the present consensus, are
fully aware that not all SU drugs are the same,
and continue to prescribe SUs—gliclazide MR
specifically—as one of the top options for second-line treatment in patients with no known
cardiovascular and renal diseases. Newer-generation SUs, specifically gliclazide MR and glimepiride, have been shown to be a costeffective option for reducing the disease burden
in T2D patients, providing efficient glycemic
control, cardiovascular safety, and renal benefits, and are the preferred SUs for diabetes
therapy during Ramadan. Lastly, despite the
provision of universal health care coverage in
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the GCC, cost is always an issue to consider in
the selection of medications. This is an additional advantage of SUs that sets them apart
from newer agents for T2D management.
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15. Thulé PM, Umpierrez G. Sulfonylureas: a new look
at old therapy. Curr Diab Rep. 2014;14(4):473.
16. University Group Diabetes Program. A study on the
effects of hypoglycemic agents on vascular complications in patients with adult-onset diabetes: II.
Mortality results. Diabetes. 1970;19(Suppl 2):
785–830.
17. Schwartz TB, Meinert CL. The UGDP controversy:
thirty-four years of contentious ambiguity laid to
rest. Perspect Biol Med. 2004;47(4):564–74.
18. Ashcroft FM, Gribble FM. Tissue-specific effects of
sulfonylureas: lessons from studies of cloned
K(ATP) channels. J Diabetes Complicat. 2000;14(4):
192–6.
19. Ashcroft FM, Gribble FM. ATP-sensitive K? channels and insulin secretion: their role in health and
disease. Diabetologia. 1999;42(8):903–19.
20. Kramer W, Müller G, Girbig F, Gutjahr U, Kowalewski S, Hartz D, Summ HD. The molecular interaction of sulfonylureas with beta-cell ATP-sensitive
K(?)-channels.
Diabetes
Res
Clin
Pract.
1995;28(Suppl):S67–80.
21. Song DK, Ashcroft FM. Glimepiride block of cloned
beta-cell, cardiac and smooth muscle K(ATP)
channels. Br J Pharmacol. 2001;133(1):193–9.
22. Singh AK, Singh R. Is gliclazide a sulfonylurea with
difference? A review in 2016. Expert Rev Clin
Pharmacol. 2016;9(6):839–51.
23. Abdelmoneim AS, Hasenbank SE, Seubert JM,
Brocks DR, Light PE, Simpson SH. Variations in

tissue selectivity amongst insulin secretagogues: a
systematic
review.
Diabetes
Obes
Metab.
2012;14(2):130–8.
24. Khunti K, Chatterjee S, Gerstein HC, Zoungas S,
Davies MJ. Do sulphonylureas still have a place in
clinical practice? Lancet Diabetes Endocrinol.
2018;6(10):821–32.
25. Rahmi RM, Uchida AH, Rezende PC, Lima EG,
Garzillo CL, Favarato D, Strunz CM, Takiuti M,
Girardi P, Hueb W, Kalil Filho R, Ramires JA. Effect
of hypoglycemic agents on ischemic preconditioning in patients with type 2 diabetes and symptomatic coronary artery disease. Diabetes Care.
2013;36(6):1654–9.
26. Gregorio F, Ambrosi F, Cristallini S, Pedetti M,
Filipponi P, Santeusanio F. Therapeutical concentrations of tolbutamide, glibenclamide, gliclazide
and gliquidone at different glucose levels: in vitro
effects on pancreatic A- and B-cell function. Diabetes Res Clin Pract. 1992;18(3):197–206.
27. Proks P, de Wet H, Ashcroft FM. Molecular mechanism of sulphonylurea block of K(ATP) channels
carrying mutations that impair ATP inhibition and
cause neonatal diabetes. Diabetes. 2013;62(11):
3909–19.
28. Jia Y, Lao Y, Zhu H, Li N, Leung SW. Is metformin
still the most efficacious first-line oral hypoglycaemic drug in treating type 2 diabetes? A network
meta-analysis of randomized controlled trials. Obes
Rev. 2019;20(1):1–12.
29. Esposito K, Chiodini P, Ceriello A, Giugliano D. A
nomogram to estimate the proportion of patients at
hemoglobin A1c target \7% with noninsulin
antidiabetic drugs in type 2 diabetes: a systematic
review of 137 randomized controlled trials with
39,845 patients. Acta Diabetol. 2014;51(2):305–11.
30. Leiter LA, Shestakova MV, Satman I. Effectiveness of
gliclazide MR 60 mg in the management of type 2
diabetes: analyses from the EASYDia trial. Diabetol
Metab Syndr. 2018;10:30.
31. Maloney A, Rosenstock J, Fonseca V. A model-based
meta-analysis of 24 antihyperglycemic drugs for
type 2 diabetes: comparison of treatment effects at
therapeutic
doses.
Clin
Pharmacol
Ther.
2019;105(5):1213–23.
32. Zaccardi F, Jacquot E, Cortese V, Tyrer F, Seidu S,
Davies MJ, Khunti K. Comparative effectiveness of
gliclazide modified release versus sitagliptin as second-line treatment after metformin monotherapy
in patients with uncontrolled type 2 diabetes. Diabetes Obes Metab. 2020;22(12):2417–26.

Diabetes Ther (2021) 12:2115–2132

33. Satoh J, Takahashi K, Takizawa Y, Ishihara H, Hirai
M, Katagiri H, Hinokio Y, Suzuki S, Tsuji I, Oka Y.
Secondary sulfonylurea failure: comparison of period until insulin treatment between diabetic
patients treated with gliclazide and glibenclamide.
Diabetes Res Clin Pract. 2005;70(3):291–7.
34. Zoungas S, Chalmers J, Kengne AP, Pillai A, Billot L,
de Galan B, Marre M, Neal B, Harrap S, Poulter N,
Patel A. The efficacy of lowering glycated haemoglobin with a gliclazide modified release-based
intensive glucose lowering regimen in the
ADVANCE trial. Diabetes Res Clin Pract.
2010;89(2):126–33.
35. ADVANCE Collaborative Group, Patel A, MacMahon S, Chalmers J, Neal B, Billot L, Woodward M,
Marre M, Cooper M, Glasziou P, Grobbee D, Hamet
P, Harrap S, Heller S, Liu L, Mancia G, Mogensen
CE, Pan C, Poulter N, Rodgers A, Williams B,
Bompoint S, de Galan BE, Joshi R, Travert F.
Intensive blood glucose control and vascular outcomes in patients with type 2 diabetes. N Engl J
Med. 2008;358(24):2560–72.
36. Heller SR, ADVANCE Collaborative Group. A summary of the ADVANCE trial. Diabetes Care.
2009;32(Suppl 2):S357–61.
37. Zoungas S, Chalmers J, Neal B, Billot L, Li Q, Hirakawa Y, Arima H, Monaghan H, Joshi R, Colagiuri
S, Cooper ME, Glasziou P, Grobbee D, Hamet P,
Harrap S, Heller S, Lisheng L, Mancia G, Marre M,
Matthews DR, Mogensen CE, Perkovic V, Poulter N,
Rodgers A, Williams B, MacMahon S, Patel A,
Woodward M, ADVANCE-ON Collaborative Group.
Follow-up of blood-pressure lowering and glucose
control in type 2 diabetes. N Engl J Med.
2014;371(15):1392–406.
38. Perkovic V, Heerspink HL, Chalmers J, Woodward
M, Jun M, Li Q, MacMahon S, Cooper ME, Hamet P,
Marre M, Mogensen CE, Poulter N, Mancia G, Cass
A, Patel A, Zoungas S, ADVANCE Collaborative
Group. Intensive glucose control improves kidney
outcomes in patients with type 2 diabetes. Kidney
Int. 2013;83(3):517–23.
39. Wong MG, Perkovic V, Chalmers J, Woodward M,
Li Q, Cooper ME, Hamet P, Harrap S, Heller S,
MacMahon S, Mancia G, Marre M, Matthews D,
Neal B, Poulter N, Rodgers A, Williams B, Zoungas S,
ADVANCE-ON Collaborative Group. Long-term
benefits of intensive glucose control for preventing
end-stage kidney disease: ADVANCE-ON. Diabetes
Care. 2016;39(5):694–700.
40. Rosenstock J, Kahn SE, Johansen OE, Zinman B,
Espeland MA, Woerle HJ, Pfarr E, Keller A, Mattheus
M, Baanstra D, Meinicke T, George JT, von Eynatten
M, McGuire DK, Marx N, CAROLINA Investigators.
Effect of linagliptin vs glimepiride on major adverse

2129

cardiovascular outcomes in patients with type 2
diabetes: the CAROLINA Randomized Clinical Trial.
JAMA. 2019;322(12):1155–66.
41. Scheen AJ. Cardiovascular safety of DPP-4 inhibitors compared with sulphonylureas: results of randomized controlled trials and observational studies.
Diabetes Metab. 2018;44(5):386–92.
42. Harrower AD. Comparison of efficacy, secondary
failure rate, and complications of sulfonylureas.
J Diabetes Complicat. 1994;8(4):201–3.
43. World Health Organization. Guidelines on secondand third-line medicines and type of insulin for the
control of blood glucose levels in non-pregnant
adults with diabetes mellitus. Geneva: World
Health Organization; 2018. (Accessed Dec 29,
2020).
44. Chawla R, Madhu SV, Makkar BM, Ghosh S, Saboo
B, Kalra S, RSSDI-ESI Consensus Group. RSSDI-ESI
clinical practice recommendations for the management of type 2 diabetes mellitus 2020. Indian J
Endocrinol Metab. 2020;24(1):1–122.
45. Emerging Risk Factors Collaboration, Sarwar N, Gao
P, Seshasai SR, Gobin R, Kaptoge S, Di Angelantonio
E, Ingelsson E, Lawlor DA, Selvin E, Stampfer M,
Stehouwer CD, Lewington S, Pennells L, Thompson
A, Sattar N, White IR, Ray KK, Danesh J. Diabetes
mellitus, fasting blood glucose concentration, and
risk of vascular disease: a collaborative meta-analysis
of
102
prospective
studies.
Lancet.
2010;375(9733):2215–22. https://doi.org/10.1016/
S0140-6736(10)60484-9.
46. Pop LM, Lingvay I. The infamous, famous sulfonylureas and cardiovascular safety: much ado about
nothing? Curr Diab Rep. 2017;17(12):124.
47. Webb DR, Davies MJ, Jarvis J, Seidu S, Khunti K. The
right place for sulphonylureas today. Diabetes Res
Clin Pract. 2019;157:107836.
48. Khunti K, Davies MJ, Seidu S. Cardiovascular outcome trials of glucose-lowering therapies. Expert
Rev Pharmacoecon Outcomes Res. 2020;20(3):
237–49.
49. Koufakis T, Grammatiki M, Kotsa K. Type 2 diabetes
management in people aged over seventy-five
years: targets and treatment strategies. Maturitas.
2021;143:118–26.
50. Vaccaro O, Masulli M, Bonora E, Del Prato S,
Nicolucci A, Rivellese AA, Riccardi G, TOSCA.IT
Study Group. The TOSCA.IT trial: a study designed
to evaluate the effect of pioglitazone versus sulfonylureas on cardiovascular disease in type 2 diabetes. Diabetes Care. 2012;35(12):e82.

2130

51. Vaccaro O, Masulli M, Nicolucci A, Bonora E, Del
Prato S, Maggioni AP, Rivellese AA, Squatrito S,
Giorda CB, Sesti G, Mocarelli P, Lucisano G, Sacco
M, Signorini S, Cappellini F, Perriello G, Babini AC,
Lapolla A, Gregori G, Giordano C, Corsi L, Buzzetti
R, Clemente G, Di Cianni G, Iannarelli R, Cordera
R, Lamacchia O, Zamboni C, Scaranna C, Boemi M,
Iovine C, Lauro D, Leotta S, Dall’Aglio E, Cannarsa
E, Tonutti L, Pugliese G, Bossi AC, Anichini R, Dotta
F, Di Benedetto A, Citro G, Antenucci D, Ricci L,
Giorgino F, Santini C, Gnasso A, De Cosmo S,
Zavaroni D, Vedovato M, Consoli A, Calabrese M, di
Bartolo P, Fornengo P, Riccardi G, Thiazolidinediones Or Sulfonylureas Cardiovascular Accidents
Intervention Trial (TOSCA.IT) study group; Italian
Diabetes Society. Effects on the incidence of cardiovascular events of the addition of pioglitazone
versus sulfonylureas in patients with type 2 diabetes
inadequately controlled with metformin (TOSCAIT): a randomised, multicentre trial. Lancet
Diabetes Endocrinol. 2017;5(11):887–97.
52. Vaccaro O, Lucisano G, Masulli M, Bonora E, Del
Prato S, Rivellese AA, Giorda CB, Mocarelli P,
Squatrito S, Maggioni AP, Riccardi G, Nicolucci A,
TOSCA.IT Investigators. Cardiovascular effects of
pioglitazone or sulfonylureas according to pretreatment risk: moving toward personalized care.
J Clin Endocrinol Metab. 2019;104(8):3296–302.
53. Schramm TK, Gislason GH, Vaag A, Rasmussen JN,
Folke F, Hansen ML, Fosbøl EL, Køber L, Norgaard
ML, Madsen M, Hansen PR, Torp-Pedersen C.
Mortality and cardiovascular risk associated with
different insulin secretagogues compared with
metformin in type 2 diabetes, with or without a
previous myocardial infarction: a nationwide study.
Eur Heart J. 2011;32(15):1900–8.

Diabetes Ther (2021) 12:2115–2132

treatment in patients with coronary disease: timerelated increased mortality on combined glyburide/
metformin therapy over a 7.7-year follow-up. Clin
Cardiol. 2001;24(2):151–8.
58. Currie CJ, Poole CD, Gale EA. The influence of
glucose-lowering therapies on cancer risk in type 2
diabetes. Diabetologia. 2009;52(9):1766–77.
59. Simpson SH, Lee J, Choi S, Vandermeer B, Abdelmoneim AS, Featherstone TR. Mortality risk among
sulfonylureas: a systematic review and network
meta-analysis.
Lancet
Diabetes
Endocrinol.
2015;3(1):43–51.
60. Leonard CE, Brensinger CM, Aquilante CL, Bilker
WB, Boudreau DM, Deo R, Flory JH, Gagne JJ,
Mangaali MJ, Hennessy S. Comparative safety of
sulfonylureas and the risk of sudden cardiac arrest
and ventricular arrhythmia. Diabetes Care.
2018;41(4):713–22.
61. Douros A, Yin H, Yu OHY, Filion KB, Azoulay L,
Suissa S. Pharmacologic differences of sulfonylureas
and the risk of adverse cardiovascular and hypoglycemic events. Diabetes Care. 2017;40(11):
1506–13.
62. UK Prospective Diabetes Study (UKPDS 33) Group.
Intensive blood-glucose control with sulphonylureas or insulin compared with conventional
treatment and risk of complications in patients
with type 2 diabetes (UKPDS 33). Lancet.
1998;352(9131):837–53.
63. Farag YM, Kari JA, Singh AK. Chronic kidney disease in the Arab world: a call for action. Nephron
Clin Pract. 2012;121(3–4):c120–3.

54. Khunti K, Hassanein M, Lee MK, Mohan V, Amod
A. Role of gliclazide MR in the management of type
2 diabetes: report of a symposium on real-world
evidence and new perspectives. Diabetes Ther.
2020;11(Suppl 2):33–48.

64. Hassanien AA, Al-Shaikh F, Vamos EP, Yadegarfar
G, Majeed A. Epidemiology of end-stage renal disease in the countries of the Gulf Cooperation
Council: a systematic review. JRSM Short Rep.
2012;3(6):38.

55. Mannucci E, Monami M, Candido R, Pintaudi B,
Targher G, SID-AMD Joint Panel for Italian Guidelines on Treatment of Type 2 Diabetes. Effect of
insulin secretagogues on major cardiovascular
events and all-cause mortality: a meta-analysis of
randomized controlled trials. Nutr Metab Cardiovasc Dis. 2020;30(10):1601–8.

65. Al-Rubeaan K, Youssef AM, Subhani SN, Ahmad NA,
Al-Sharqawi AH, Al-Mutlaq HM, David SK, AlNaqeb
D. Diabetic nephropathy and its risk factors in a
society with a type 2 diabetes epidemic: a Saudi
National Diabetes Registry-based study. PLoS ONE.
2014;9(2):e88956.

56. UK Prospective Diabetes Study (UKPDS) Group.
Effect of intensive blood-glucose control with
metformin on complications in overweight patients
with type 2 diabetes (UKPDS 34). Lancet.
1998;352(9131):854–65.
57. Fisman EZ, Tenenbaum A, Boyko V, Benderly M,
Adler Y, Friedensohn A, Kohanovski M, Rotzak R,
Schneider H, Behar S, Motro M. Oral antidiabetic

66. Lee YH, Lee CJ, Lee HS, Choe EY, Lee BW, Ahn CW,
Cha BS, Lee HC, Balkau B, Kang ES. Comparing
kidney outcomes in type 2 diabetes treated with
different sulphonylureas in real-life clinical practice. Diabetes Metab. 2015;41(3):208–15.
67. Pugliese G, Penno G, Natali A, Barutta F, Di Paolo S,
Reboldi G, Gesualdo L, De Nicola L, Italian Diabetes
Society and the Italian Society of Nephrology.
Diabetic kidney disease: new clinical and

Diabetes Ther (2021) 12:2115–2132

therapeutic issues. Joint position statement of the
Italian Diabetes Society and the Italian Society of
Nephrology on ‘‘The natural history of diabetic
kidney disease and treatment of hyperglycemia in
patients with type 2 diabetes and impaired renal
function.’’ Nutr Metab Cardiovasc Dis. 2019;29(11):
1127–50.
68. Navaneethan SD, Zoungas S, Caramori ML, Chan
JCN, Heerspink HJL, Hurst C, Liew A, Michos ED,
Olowu WA, Sadusky T, Tandon N, Tuttle KR,
Wanner C, Wilkens KG, Lytvyn L, Craig JC, Tunnicliffe DJ, Howell M, Tonelli M, Cheung M, Earley
A, Rossing P, de Boer IH, Khunti K. Diabetes management in chronic kidney disease: synopsis of the
2020 KDIGO clinical practice guideline. Ann Intern
Med. 2020. https://doi.org/10.7326/M20-5938.
69. Rhee CM, Leung AM, Kovesdy CP, Lynch KE, Brent
GA, Kalantar-Zadeh K. Updates on the management
of diabetes in dialysis patients. Semin Dial.
2014;27(2):135–45.
70. Winocour P, Bain SC, Chowdhury TA, De P,
Pokrajac A, Fogarty D, Frankel A, Banerjee D,
Wahba M, Dasgupta I. Managing hyperglycaemia in
patients with diabetes and diabetic nephropathy–chronic kidney disease. Summary of recommendations 2018. Br J Diabetes. 2018;18(2):78–89.
71. Yu O, Azoulay L, Yin H, Filion KB, Suissa S. Sulfonylureas as initial treatment for type 2 diabetes
and the risk of severe hypoglycemia. Am J Med.
2018;131(3):317.
72. Hirst JA, Farmer AJ, Dyar A, Lung TW, Stevens RJ.
Estimating the effect of sulfonylurea on HbA1c in
diabetes: a systematic review and meta-analysis.
Diabetologia. 2013;56(5):973–84.
73. Madsen KS, Kähler P, Kähler LKA, Madsbad S,
Gnesin F, Metzendorf MI, Richter B, Hemmingsen
B. Metformin and second- or third-generation
sulphonylurea combination therapy for adults with
type 2 diabetes mellitus. Cochrane Database Syst
Rev. 2019;4(4):CD012368.
74. Zaccardi F, Ling S, Lawson C, Davies MJ, Khunti K.
Severe hypoglycaemia and absolute risk of causespecific mortality in individuals with type 2 diabetes: a UK primary care observational study. Diabetologia. 2020;63(10):2129–39.
75. Schernthaner G, Grimaldi A, Di Mario U, Drzewoski
J, Kempler P, Kvapil M, Novials A, Rottiers R, Rutten
GE, Shaw KM. GUIDE study: double-blind comparison of once-daily gliclazide MR and glimepiride
in type 2 diabetic patients. Eur J Clin Invest.
2004;34(8):535–42.
76. Schopman JE, Simon AC, Hoefnagel SJ, Hoekstra JB,
Scholten RJ, Holleman F. The incidence of mild and

2131

severe hypoglycaemia in patients with type 2 diabetes mellitus treated with sulfonylureas: a systematic review and meta-analysis. Diabetes Metab
Res Rev. 2014;30(1):11–22.
77. Al-Arouj M, Assaad-Khalil S, Buse J, Fahdil I, Fahmy
M, Hafez S, Hassanein M, Ibrahim MA, Kendall D,
Kishawi S, Al-Madani A, Nakhi AB, Tayeb K, Thomas A. Recommendations for management of diabetes during Ramadan: update 2010. Diabetes Care.
2010;33(8):1895–902.
78. Ibrahim M, Davies MJ, Ahmad E, Annabi FA, Eckel
RH, Ba-Essa EM, El Sayed NA, Hess Fischl A, Houeiss
P, Iraqi H, Khochtali I, Khunti K, Masood SN,
Mimouni-Zerguini S, Shera S, Tuomilehto J,
Umpierrez GE. Recommendations for management
of diabetes during Ramadan: update 2020, applying
the principles of the ADA/EASD consensus. BMJ
Open Diabetes Res Care. 2020;8(1):e001248.
79. Hassanein M, Al-Arouj M, Hamdy O, Bebakar
WMW, Jabbar A, Al-Madani A, Hanif W, Lessan N,
Basit A, Tayeb K, Omar M, Abdallah K, Al Twaim A,
Buyukbese MA, El-Sayed AA, Ben-Nakhi A. International Diabetes Federation (IDF), in collaboration
with the Diabetes and Ramadan (DAR) International Alliance. Diabetes and Ramadan: practical
guidelines. Diabetes Res Clin Pract. 2017;126:
303–16.
80. Al Sifri S, Basiounny A, Echtay A, Al Omari M,
Harman-Boehm I, Kaddaha G, Al Tayeb K, Mahfouz
AS, Al Elq A, Radican L, Ozesen C, Katzeff HL,
Musser BJ, Suryawanshi S, Girman CJ, Davies MJ,
Engel SS. 2010 Ramadan Study Group. Int J Clin
Pract. 2011;65(11):1132–40.
81. Aravind SR, Ismail SB, Balamurugan R, Gupta JB,
Wadhwa T, Loh SM, Suryawanshi S, Davies MJ,
Girman CJ, Katzeff HL, Radican L, Engel SS, Wolthers T. Hypoglycemia in patients with type 2 diabetes from India and Malaysia treated with
sitagliptin or a sulfonylurea during Ramadan: a
randomized, pragmatic study. Curr Med Res Opin.
2012;28(8):1289–96.
82. Hassanein M, Al Sifri S, Shaikh S, Abbas Raza S,
Akram J, Pranoto A, Rudijanto A, Shaltout I,
Fariduddin M, Mohd Izani Wan Mohamed W, Al
Awadi F, Alessa T, DIA-RAMADAN study investigators. A real-world study in patients with type 2
diabetes mellitus treated with gliclazide modifiedrelease during fasting: DIA-RAMADAN. Diabetes
Res Clin Pract. 2020;163:108154.
83. ALNohair S. Obesity in Gulf countries. Int J Health
Sci (Qassim). 2014;8(1):79–83.
84. Khalil AB, Beshyah SA, Abdella N, Afandi B, AlArouj MM, Al-Awadi F, Benbarka M, Ben Nakhi A,
Fiad TM, Al Futaisi A, Hassoun AA, Hussein W,

Diabetes Ther (2021) 12:2115–2132

2132

Kaddaha G, Ksseiry I, Al Lamki M, Madani AA, Saber
FA, Abdel Aal Z, Morcos B, Saadi H. Diabesity in the
Arabian Gulf: challenges and opportunities. Oman
Med J. 2018;33(4):273–82.
85. Afroz A, Alramadan MJ, Hossain MN, Romero L,
Alam K, Magliano DJ, Billah B. Cost-of-illness of
type 2 diabetes mellitus in low and lower-middle
income countries: a systematic review. BMC Health
Serv Res. 2018;18(1):972.
86. Kang H, Lobo JM, Kim S, Sohn MW. Cost-related
medication non-adherence among U.S. adults with
diabetes. Diabetes Res Clin Pract. 2018;143:24–33.
87. Patel MR, Piette JD, Resnicow K, Kowalski-Dobson
T, Heisler M. Social determinants of health, costrelated nonadherence, and cost-reducing behaviors
among adults with diabetes: findings from the
National Health Interview Survey. Med Care.
2016;54(8):796–803.
88. American Diabetes Association. 9. Pharmacologic
approaches to glycemic treatment: standards of
medical care in diabetes—2020. Diabetes Care.
2020;43(Suppl 1):S98–110.

89. Al-Rubeaan K, Bana FA, Alruwaily FG, Sheshah E,
Alnaqeb D, AlQahtani AM, Ewais D, Al Juhani N,
Hassan AH, Youssef AM. Physicians’ choices in the
first- and second-line management of type 2 diabetes in the Kingdom of Saudi Arabia. Saudi Pharm
J. 2020;28(3):329–37.
90. Khoja T, Rawaf S, Qidwai W, Rawaf D, Nanji K,
Hamad A. Health care in Gulf Cooperation Council
countries: a review of challenges and opportunities.
Cureus. 2017;9(8):e1586.
91. Kalra S, Bahendeka S, Sahay R, Ghosh S, Md F, Orabi
A, Ramaiya K, Al Shammari S, Shrestha D, Shaikh K,
Abhayaratna S, Shrestha PK, Mahalingam A,
Askheta M, Rahim AA, Eliana F, Shrestha HK,
Chaudhary S, Ngugi N, Mbanya JC, Aye TT, Latt TS,
Akanov ZA, Syed AR, Tandon N, Unnikrishnan AG,
Madhu SV, Jawa A, Chowdhury S, Bajaj S, Das AK.
Consensus recommendations on sulfonylurea and
sulfonylurea combinations in the management of
type 2 diabetes mellitus—International Task Force.
Indian J Endocrinol Metab. 2018;22(1):132–57.
92. Aschner P. New IDF clinical practice recommendations for managing type 2 diabetes in primary care.
Diabetes Res Clin Pract. 2017;132:169–70.

