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ABSTRACT

Aim: The primary objective of this document is
to develop practice-based expert group opinion
on certain important but less discussed endo-
crine and metabolic effects of modern sulfony-
lureas (SUs) and their usage in the management
of diabetes mellitus (DM).

Background: Modern SUs may be considered a
panacea in DM care with their beneficial extra-
pancreatic, pleiotropic, and cardiovascular
effects. Safe glycemic control with SUs could be
achieved with appropriate patient selection,
drug and dosage selection, and patient
empowerment. Additionally, sulfonylureas also
exhibit certain endocrine and metabolic effects,
which could be considered beneficial in the
management of DM. In this regard, a group of
international clinical experts discussed the less
known beneficial aspects of SUs and safe and
smart prescription of modern SUs in DM care.
Results: The concept of glucocrinology or the
relationship of glycemia with the endocrine
system was emphasized during the meetings.
Clinical experts arrived at a consensus for the
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usage of modern SUs in the presence of other
endocrine dysfunction and the impact of these
drugs on endocrine health. The beneficial
pleiotropic and cardiovascular effects of modern
SUs were also discussed. The key discussion
points were considered to develop clinical
expert opinions for the use of modern SUs in
persons with DM. Clinical expert opinions were
developed for indications, pleiotropic benefits,
cardiovascular outcomes, adherence, and safe
use of modern SUs.
Conclusions: Appropriate clinical judgement
coupled with a patient-centered approach is cru-
cial to achieve the best outcome in persons with
DM. Owing to their safety, efficacy, extra-pan-
creatic benefits including effects on endocrine
and metabolic aspects, and low cost of therapy,
modern SUs could be considered as drugs/agents
of choice for the treatment of diabetes.
Funding: Sanofi India.

Keywords: Cardiovascular complications;
Cardiovascular phenotype; Extra-pancreatic
effects; Glimepiride; Glucocrinology; Modern
sulfonylureas; Myocardial ischemic
preconditioning; Type 2 diabetes mellitus

INTRODUCTION

Oral antidiabetics (OADs) are oral medications
prescribed to patients with type 2 diabetes
mellitus (T2DM). Various factors that are con-
sidered in the management of diabetes mellitus
with oral medications include efficacy, safety,
tolerability, and cost. In addition to these fac-
tors, when prescribing oral medications, clini-
cians should also consider other endocrine and
metabolic factors that could impact the clinical
outcome.

Among the several OADs available, sulfony-
lureas (SUs) constitute one of the key pharma-
cotherapeutic agents in the management of
T2DM. The latest guidelines published by the
World Health Organization (WHO) recommend
the use of metformin and SUs as preferred
agents for the control of blood glucose levels in
patients with DM. But, despite their well-estab-
lished efficacy profile, the clinical utility of SUs
and their place in therapy have become debat-
able. This may be because SUs are clubbed under
one group, although in reality all SUs are
different.

Sulfonylureas are classified on the basis of
their hierarchy of development as conventional
and modern and on the basis of duration of
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action as short-acting, intermediate-acting, and
long-acting [1, 2].

Modern SUs offer several benefits when
compared to conventional SUs. Their efficacy
profile is better compared to that of conven-
tional SUs. Moreover, they possess extra-pan-
creatic effects and are available at considerably
lower cost, which makes them one of the drugs/
agents of choice for the treatment of diabetes.
Modern SUs also possess certain additional
benefits in terms of endocrine effects, metabolic
effects, and anti-inflammatory or
immunomodulatory effects, which are less
discussed.

In themanagement of DM, a holistic approach
encompassing vasculo-metabolic aspects and
endocrine facets of diabetes is very important.
The concept of glucocrinology focuses on the
association of various endocrine glands and dia-
betes, the role of endocrinopathic drugs in
unmasking latent diabetes, and the role of
antidiabetic drugs in modulating endocrine dis-
ease. The concept of glucocrinology emphasizes
the consideration of endocrine aspects in the
management of diabetes. It promotes a compre-
hensive assessment of and aids in the quest for
novel targets in the management of DM.

In this context, an initiative by a multina-
tional team of experts aimed to encourage safe
and smart prescription of modern SUs while
keeping the glucocrinologic aspects of these
drugs in mind [1]. This article is based on pre-
viously conducted studies and does not contain
any studies with human participants or animals
performed by any of the authors.

METHODS

During a 2-day international meeting, experts
reviewed available literature evidence, provided
their individual insights based on their experi-
ence in the management of DM with primary
focus on pleiotropic effects and cardiovascular
(CV) benefits of modern SUs, and charted out key
opinions. Important topics were discussed by
panel members to arrive at expert opinion on
standardization of various OADs that could be
considered safe and unsafe in the management of
patients with DM and CV risk or comorbidity.
Drugs that could be considered safe in the use of
DM patients with associated endocrinopathies
were charted out. The panel members’ key dis-
cussion points, which were based on scientific
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evidence and collective clinical judgment from
practice, considered as ‘‘clinical expert opinions’’
for each of these topics, were developed and have
been summarized in this document.

RESULTS

Glucocrinology: Concept of Interplay
and Interlink of Glucose Homeostasis
and Endocrine Glands

Diabetes mellitus is a complex multifaceted
syndrome characterized by a state of decreased
insulin secretion and/or insulin resistance with
hyperglycemia as the primary abnormality.
Several endocrine glands, including adipose
tissue, the gastrointestinal endocrine system,
pituitary, thyroid, parathyroid, adrenals, and
gonads, play an important role in the develop-
ment of DM. Glucocrinology has been defined
as the study of medicine that describes the
correlation between glycemia and the endo-
crine system [3]. The important aspects of glu-
cocrinology are listed below:
1. Endocrinopathies may cause secondary

diabetes:

• Acromegaly
• Cushing syndrome

• Pheochromocytoma
• Hyperthyroidism
• Hyperaldosteronism
• Hyperparathyroidism

2. Endocrinopathies may be associated with
metabolic syndrome:

• Polycystic ovary syndrome
• Hypothyroidism
• Subclinical Cushing syndrome

3. Endocrine dysfunction and diabetes may
coexist:

• Autoimmune polyglandular syndromes
• Multiple endocrine neoplasia
• Mitochondrial disorders

4. Endocrine dysfunction may be the etiology
of refractory hyperglycemia in diabetes:

• Hyperthyroidism
• Cushing syndrome
• Acromegaly

5. Endocrinopathies associated with an
increased risk of hypoglycemia with dia-
betes treatment:

• Adrenal insufficiency
• Hypothyroidism
• Growth hormone deficiency
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6. Endocrinopathic drugs may worsen
diabetes:

• Glucocorticoids
• Thyroid hormones
• Inotropes
• Growth hormone
• Estrogen
• Somatostatin analogs

The concept of glucocrinology emphasizes
the importance of endocrinology and role of
endocrinologists in the management of diabetes
mellitus. It also aids in delivering a compre-
hensive approach to treatment of persons with
diabetes mellitus.

Sulfonylureas: An Established Treatment
of DM

Classification of SUs
Sulfonylureas are classified into various cate-
gories on the basis of their hierarchy of devel-
opment and duration of action. In terms of
development, SUs are classified into conven-
tional (e.g., glibenclamide) and modern SUs
(glimepiride, gliclazide modified release [MR],
glipizide MR, and gliclazide). In terms of the
duration of action, they are classified into short-
acting (tolbutamide), intermediate-acting (glip-
izide and gliclazide), and long-acting SUs
(glibenclamide, glimepiride, gliclazide MR, and
glipizide MR) [1].

Mechanism of Action
Sulfonylureas act by stimulating endogenous
insulin secretion via blockade of adenosine
triphosphate-sensitive potassium channels
(KATPs) on pancreatic b-cells. Sulfonylureas bind
to a common SU receptor (SUR) subunit present
on the b-cell plasma membrane causing closure
of the KATP channels and inhibition of K? efflux,
consequently depolarizing the membrane and
facilitating influx of Ca2? ions. This, in turn,
stimulates the exocytosis of insulin-secretory
vesicle [1].

Modern SUs (such as glimepiride) stimulate
secretion of insulin by binding to a specific site
on the KATP channel of pancreatic b-cells.
Modern SUs deploy allosteric inhibition of the

SUR complex. The distinct feature of modern
SUs leads to a lower inhibition of KATP channel
and, hence, there is a reduced risk of hypo-
glycemia in comparison to conventional SUs
[1].

Indications of SUs
Sulfonylureas are an effective second-line OADs
used in the management of T2DM. Modern SUs
may be considered as a treatment option in
persons who do not respond to metformin.
They are superior to conventional SUs in
reducing mortality, bringing better outcomes,
and preserving renal function [1].

Reduced Risk of Hypoglycemia with Modern
SUs
Hypoglycemia is one of the most common
adverse reactions associated with sulfonylureas.
However, modern sulfonylureas such as glime-
piride differ from conventional sulfonylureas
and are associated with fewer hypoglycemic
episodes. This could be attributed to equivalent
metabolic control and lower stimulation of
insulin levels with glimepiride as compared to
glibenclamide [4]. In an international prospec-
tive study, diabetic patients treated with gli-
mepiride had fewer hypoglycemic episodes
compared to those treated with glibenclamide
(105 vs. 150) [2].

Glipizide and modern SUs are preferred in
renal failure patients and T2DM patients who
are at increased risk of developing
hypoglycemia.

American Diabetes Association (ADA)
and European Association for the Study
of Diabetes (EASD) Recommendations for SUs
in T2DM Management
Modern SUs confer a lower risk of hypoglycemia
and have favorable cost, efficacy, and safety
profiles. Sulfonylureas constitute a reasonable
choice among glucose-lowering medications,
especially when cost is the key consideration.
Patient education and use of variable dosing of
modern sulfonylureas should be considered to
mitigate the risk of hypoglycemia. Glipizide,
glimepiride, and gliclazide have lower risk of
hypoglycemia compared to conventional
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sulfonylureas. Sulfonylureas should be used
with great caution in patients who are at
increased risk of hypoglycemia, such as those
with chronic kidney disease and older patients.

Hidden Facets of SUs

Selection of a specific SU should be done on the
basis of efficacy, safety, and tissue specificity
with respect to the b-cell [5]. Modern SUs
exhibit additional benefits over conventional
SUs, which guide the choice of treatment in the
management of DM. A few of these benefits
have been listed below:

1. Effects on the pancreas

• Modern SUs cause stimulation of pan-
creatic insulin release [5, 6].

• Modern SUs inhibit glucagon secretion
by pancreatic a-cells [7–9].

2. Extra-pancreatic effects

• Modern SUs reduce insulin clearance in
the liver [6].

• Modern SUs increase the levels of adipo-
nectin [7, 9].

• Modern SUs improve insulin sensitivity
and decrease insulin resistance in
peripheral tissues, thereby offering a
glucose-lowering effect [7, 9].

Hidden Pleiotropic Effects of Modern SUs

Modern SUs have multiple pleiotropic benefits.
Some of them are listed below:
1. Immunomodulatory/anti-inflammatory

effects

• Modern SUs exert antioxidative effects
(by decreasing toxic advanced glycation
end-products [AGEs] and receptors of
AGEs) [7–9].

• Modern SUs exert anti-inflammatory
effects (by reducing high-sensitivity
C-reactive protein, interleukin-6, and
tumor necrosis factor-a levels) [7–9].

• Modern SUs exert anti-angiogenic effects
(by reducing plasma vascular endothelial

growth factor and fibroblast growth fac-
tor-2 levels) [7–9].

2. Endocrine effects

• Modern SUs also lead to a significant
elevation in testosterone levels, resulting
in an improvement in sex drive and
erectile function in men with T2DM
[7–9].

• Human chorionic gonadotropin-induced
testosterone secretion by Leydig cells is
inversely related to insulin sensitivity among
men with varying degrees of glucose toler-
ance. Thus, the lesions resulting in hypogo-
nadism in obesity and T2DM may occur at
several levels of the hypothalamic–pitu-
itary–gonadal axis. However, the absence of
an increase in gonadotropin concentrations
indicates that the primary defect in T2DM
and obesity is at the hypothalamo-hy-
pophyseal level.

• A study evaluated the impact of sulfonylurea
as an initial treatment for hypogonadism in
T2DM patients. In the study, the initial dose
of oral glimepiride was 1 mg/day and the
dose was titrated according to blood glucose
levels for 16 weeks. Results indicated that as
compared with the healthy control group,
the middle-aged men with type 2 diabetes
had significantly decreased total testosterone
levels and a lower testosterone secretion
index.

3. Other effects

• Glimepiride, a modern SU, is cardiovas-
cular neutral as compared to other SUs.
The degree of inhibition of KATP chan-
nels in T2DM patients is less severe
during treatment with glimepiride.
Therefore, this drug can be safely used
in T2DM patients with concurrent coro-
nary artery disease (CAD) [10, 11].

• Another modern SU, gliclazide, has also
been associated with reduced risk of
hypoglycemic episodes and long-term
cardiovascular safety when compared
with other OADs in the treatment of
DM [12].
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Key recommendations of the international task force

Key recommendations Evidence and/or rationale

Modern SUs (such as glimepiride and gliclazide MR) should

be preferred to conventional SUs especially in

Low rate of hypoglycemia and weight gain conferred by

modern SUs as compared to conventional SUs could be

attributed to its lower binding affinity (2–3 fold) and

quick association and dissociation with sulfonylurea

receptor (SUR proteins). Conventional SUs inhibit the

mitochondrial KATP channels in cardiac myocytes, which

contributes to impairment of ischemic preconditioning;

however, modern SUs do not exert this effect and preserve

myocardial ischemic preconditioning [13]

Overweight/obese T2DM patients

Patients at a high risk of hypoglycemia

Patients at a high risk of CV diseases

Modern SUs (such as glimeperide and gliclazide MR) should

be preferred to conventional SUs with the aim to reduce

mortality, bring better outcomes, and preserve renal

function

A meta-analysis of randomized clinical trials conducted by

Varvaki Rados et al. [14] evaluated the association between

SU use and all-cause and cardiovascular mortality in

patients with T2DM. Sulfonylureas were not associated

with all-cause (OR 1.12 [95% CI 0.96–1.30]) or

cardiovascular mortality (OR 1.12 [95% CI 0.87–1.42])

Modern SUs exhibit several extra-pancreatic effects, apart

from glycemic control, and thereby contribute to better

clinical outcomes [1]

Modern SUs are mainly excreted as unchanged drug or

inactive metabolite. Therefore, they may produce less

hypoglycemia in patients with renal impairment.

Glimepiride has been reported to be safe and effective in

diabetic patients with renal impairment [1]

The panel suggests that the patients/family members should

be educated on the appropriate use (dose, time, route, and

adherence) of modern SUs

Self-management plan on a day-to-day basis is very

important in management of diabetes mellitus. Diabetic

education enables the patients to effectively manage the

disease without any complications. Self-monitoring of

blood glucose (SMBG) at home and self-down-titration of

doses in case of hypoglycemia by patients are

recommended. The patient should be trained in the safe

use of fixed-dose combination (FDC) containing SUs and

should be able to detect the hypoglycemic complications.

Therefore, patients along with their family members

should be educated about the usage of SMBG systems [1]
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Cardiovascular Effects of SUs

Cardiovascular Phenotype
Definition of Cardiovascular Phenotype Car-
diovascular phenotype is the term used by dia-
betes experts to describe congenital cardiac
anomalies as well as vascular and cardiac dys-
function associated with DM. It is a checklist of
various clinical parameters to be assessed before
therapeutic intervention for the management
of DM. The clinical parameters include pulse
rate, blood pressure, weight, lipid status, systolic
function, diastolic function, orthostatic
hypotension, coronary health, cerebrovascular
health, and peripheral arterial health [16].

The concept of cardiovascular phenotype is a
useful clinical decision-making tool to help
determine appropriate OAD therapy in diabetic
patients with high cardiovascular risk, and
allows easier assessment of the impact of such
therapy on cardiovascular health [16].

Cardiovascular Phenotype in Diabetes Modern
SUs, such as glimepiride, are found to maintain

myocardial ischemic preconditioning with
fewer CV side effects as compared to conven-
tional SUs. In addition, modern SUs were not
associated with all-cause or CV mortality. They
are also not associated with an increased risk of
myocardial infarction or stroke. In light of this,
modern SUs can be considered cardiac-friendly
[1, 14].

The Clinical Expert Group Endorsed Newer SUs
Because of CV Safety Since modern SUs (such
as gliclazide MR and glimepiride) are associated
with a lower risk of all-cause and CV-related
mortality compared to conventional SUs in
T2DM patients, the clinical expert group opin-
ion suggests that the modern SUs can be safely
used in T2DM patients with CV risk, myocardial
infarction, or stroke. A nationwide registry
comprising 1310 DM patients with acute
myocardial infarction revealed that the mortal-
ity was lower in patients previously treated with
modern SUs when compared to those treated
with other oral medications or insulin [1, 17].
The risk–benefit analysis of the IDF 2017

Key recommendations Evidence and/or rationale

The expert group addressed the safety issues of conventional

SUs. Conventional SUs may cause hypoglycemia and

weight gain in most patients with T2DM. Additionally,

older SUs are believed to increase b-cell apoptosis, risk of

ischemic complications, and thereby result in non-fatal

CV outcomes and all-cause mortality

A prospective study conducted by Lee and Chou [15]

determined the impact of administration of different SUs

on cardioprotective effects in T2DM patients undergoing

coronary angioplasty. Nondiabetic patients treated with

glimepiride had a significantly lowered ischemic burden

(assessed by an ST-segment shift, chest pain score

[3.4 ± 0.9 vs. 5.5 ± 1.5; p = 0.02], and myocardial

lactate extraction ratios [- 59 ± 21% vs. - 26 ± 16% in

non-diabetics; p = 0.007]) compared with glibenclamide-

treated patients, demonstrating that acute administration

of glimepiride does not abolish cardioprotection

The pleiotropic effects of modern SUs, including beneficial

effects on the pancreas, extra-pancreatic effects,

immunomodulatory effects, and other effects on endocrine

functions, were reinforced in the meeting

Sulfonylureas (SUs) exhibit several extra-pancreatic effects,

apart from glycemic control, including inhibition of

metabolic clearance rate of insulin, inhibition of glucagon

secretion from pancreatic a-cells, insulin sensitization,

increases adiponectin levels, exerts antioxidative and anti-

angiogenetic effects, and preserves ischemic

preconditioning [1]
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Clinical Practice Recommendations also
showed that SUs are associated with neutral
effects on the major CV events and congestive
heart failure (HF) [18].

Influence of Cardiovascular Phenotype
on OAD Choice

OAD Choice and (Risk of) Heart Failure
Metformin is the drug of choice in this scenario.

Effect of Metformin Therapy on Prognosis of
Patients with HF and New-Onset DM A study
conducted by Romero et al. suggested that
metformin therapy was associated with a
decreased mortality and hospitalization rate.
However, it was not associated with an
improved prognosis of HF patients [19].

Increase in Risk of Hospitalizations for HF in
Patients Treated with Saxagliptin: Reports
from the SAVOR-TIMI (Saxagliptin Assess-
ment of Vascular Outcomes Recorded in
Patients with Diabetes) Trial A study con-
ducted by Scirica et al. demonstrated that the
use of saxagliptin was associated with an
increased rate of hospitalization for HF [20].

Addition of Sitagliptin to Usual Care is Not
Associated with an Increased Risk of Hospi-
talization for HF: Data from the (Trial Evalu-
ating Cardiovascular Outcome with
Sitagliptin) TECOS Study The Trial Evaluat-
ing Cardiovascular Outcome with Sitagliptin
(TECOS) study conducted by Green et al.
demonstrated that the addition of sitagliptin to
an existing therapy did not influence the rate of
hospitalizations for HF in patients with T2DM
[21].

Reduction in Hospitalization for HF with
Empagliflozin: Reports from the (Em-
pagliflozin, Cardiovascular Outcomes, and
Mortality in Type 2 Diabetes trial) EMPA-REG
OUTCOME Trial The EMPA-REG OUTCOME
trial conducted by Zinman et al. demonstrated
that the administration of once-daily empagli-
flozin was associated with 35% of relative risk

reduction in hospitalization for HF, when
compared to the placebo group [22].

Increased Incidence of HF in DM Patients
Treated with Pioglitazone: PROactive Study
The pioglitAzone Clinical Trial In macroVascu-
lar Events (PROactive Study) conducted by
Erdmann et al. proved that a larger number of
patients treated with pioglitazone were reported
to have serious HF compared to those treated
with placebo. However, subsequent mortality or
morbidity was not increased in patients with
serious HF treated with pioglitazone [23].

Reduction in Risk of Cardiovascular Death or
Hospitalized HF in DM Patients Treated with
Canagliflozin: Results from the CANVAS
(Canagliflozin Cardiovascular Assessment
Study) Program The CANVAS Program
(Canagliflozin Cardiovascular Assessment
Study) conducted by Rådholm et al. on 10,142
patients with T2DM and high cardiovascular
risk proved that treatment with canagliflozin
resulted in reduced risk of cardiovascular death
or hospitalized HF across a broad range of dif-
ferent patient subgroups. Benefits were found to
be greater in those patients with a history of HF
at baseline [24].

Efficacy and Safety of Dapagliflozin in
Patients with T2DM and Concomitant HF A
study conducted by Kosiborod et al. investi-
gated the efficacy and safety of dapagliflozin in
patients with T2DM and HF. Hospitalizations
due to HF were found to be rare with dapagli-
flozin (0.6%) when compare to placebo (4.7%).
Point estimates for hazard ratios of composite
cardiovascular outcomes also favored dapagli-
flozin vs. placebo [25].

OAD Choice and Risk of Myocardial Infarction
Non-statistical Trend in Reduction of Non-fa-
tal Myocardial Infarction: Results from CV
Safety Outcome Trials (CVSOTs) A non-sta-
tistical trend was observed in the reduction of
non-fatal MI in most of the CVSOTs, including
SAVOR-TIMI, TECOS, LEADER, ELIXA, and
EMPA-REG [21, 26].
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Glimepiride Was Associated with Reduced
Mortality Rates in DM Patients with CAD A
retrospective cohort study conducted by Pan-
talone et al. suggested that the use of glimepir-
ide was associated with reduced mortality rates
in diabetic patients with CAD when compared
with the use of glyburide [27].

OAD Choice and Risk of Stroke
OADs with Neutral Outcome on Non-fatal
Stroke: Evidence from CVSOTs Evidence from
CVSOTs suggests that neutral outcome on non-
fatal stroke was reported from the following
trials: EXAMINE, TECOS, and LEADER. From
these trial reports, it is evident that rates of non-
fatal stroke in patients treated with OADs,
including alogliptin, sitagliptin, and liraglutide,
were non-significantly lower than in those
treated with placebo [21, 22, 26].

Pioglitazone Reduces Stroke in DM Patients A
meta-analysis conducted by Lee et al. on three
randomized controlled studies reported that use
of pioglitazone in stroke patients with insulin
resistance, prediabetes, and DM was associated
with a lower risk of recurrent stroke and future
major vascular events [28].

Cardiovascular Safety of Modern SU
Gliclazide: ADVANCE Study

In the ADVANCE trial, 11,140 patients with
type 2 diabetes were randomized to either
standard glucose control or intensive glucose
control with gliclazide (modified release) plus

other drugs as required to achieve HbA1c

B 6.5%. The median duration of follow-up was
5 years.

Intensive glucose control was associated with
a 10% relative reduction in the combined out-
come of major macrovascular and microvascu-
lar events. Intensive glucose control was also
associated with a 6%, 2%, 8%, and 2% reduc-
tion in major macrovascular events, non-fatal
MI, major coronary events, and all coronary
events [29].

Ongoing CVOTs for SUs: The CAROLINA
Trial

The Cardiovascular Outcome Study of Lina-
gliptin Versus Glimepiride in Patients With
Type 2 Diabetes (CAROLINA) trial has investi-
gated the long-term impact on CV morbidity
and mortality, relevant efficacy parameters (e.g.,
glycemic parameters), and safety (e.g., weight
and hypoglycemia) of linagliptin in patients
with type 2 diabetes at elevated CV risk receiv-
ing usual care and compared the outcome
against glimepiride.

The primary outcome is time to the first
occurrence of any of the following adjudicated
components of the primary composite end-
point: CV death (including fatal stroke and fatal
MI), non-fatal MI (excluding silent MI), or non-
fatal stroke.

Linagliptin was non-inferior to glimepiride
for time to first major adverse CV event in
adults with type 2 diabetes at high CV risk. To
date, detailed results are awaited [30].

Key recommendations of the international task force

Key recommendations Evidence and/or rationale

Modern SUs (such as glimepiride) are found to maintain myocardial
ischemic preconditioning with fewer CV side effects as compared to
conventional SUs

A preclinical trial conducted by Mocanu et al. [10] compared the effect of
glimepiride vs. glibenclamide on ischemic preconditioning (IP) protection
and the protection afforded by diazoxide, an opener of mitochondrial
KATP channels. The protective actions of IP or diazoxide were not
eliminated by glimepiride; however, glibenclamide eliminated the infarct-
limiting effects of IP and diazoxide
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Key recommendations Evidence and/or rationale

Use of OADs in HF patients should be considered on the basis of the stages
of HF

Patients with diabetes mellitus are at increased risk of developing heart
failure because of the abnormal cardiac handling of glucose and free fatty
acids (FFAs), and also due to the effect of the metabolic derangements of
diabetes on the cardiovascular system. The metabolic risk of diabetes in
heart failure is increased by the effect of most OADs, as the use of certain
antidiabetic agents increases the risk of mortality and hospitalization for
heart failure both in patients with and without heart failure. Therefore it
is important to use OADs on the basis of the stage of HF [31]

Strong suggestion for avoidance of metformin use in patients with acute
stroke was proposed. However, it was decided that metformin could be
considered for use in patients with stable HF

Experimental studies suggest that neuronal AMP-activated protein kinase
(AMPK) activation induced by metformin during the acute phase of
stroke has adverse clinical implications, while glial AMPK activation plays
a beneficial role. The experimental evidence also suggests that cerebral
AMPK activation by metformin is detrimental to stroke outcomes, while
peripheral AMPK activation by metformin reduces stoke-enhanced serum
glucose levels [32]

A study conducted by Romero et al. [19] suggested that metformin therapy
was associated with a decreased mortality and hospitalization rate in
patients with HF and new-onset DM

Modern SUs (such as gliclazide MR and glimepiride) are associated with a
lower risk of all-cause and CV-related mortality compared to
conventional SUs in T2DM patients. The clinical expert group suggests
that the modern SUs can be safely used in T2DM patients with CV risk,
myocardial infarction, or stroke

Simpson et al. [33] conducted a network meta-analysis to compare the
relative risk of mortality and adverse CV events among SUs. Network
meta-analysis using both direct and indirect evidence showed that
gliclazide and glimepiride were associated with a lower risk of all-cause
and CV-related mortality compared with glibenclamide, whereas glipizide
use had a similar risk. No significant differences were observed among
SUs, neither on traditional nor on network meta-analysis on the
incidence of MI

The expert group listed out all the conditions and the OADs that could be considered safe or unsafe in each of the following conditions

Recommendations on use of various OADs in patients with stable CAD

Preferred choice: Metformin, modern SU Preferred choice

Metformin reduces CV events significantly and reduces blood pressure and
low-density lipoprotein levels (LDL). The United Kingdom Prospective
Diabetes Study (UKPDS), a subpopulation study that included overweight
patients with diabetes, found that metformin, when initiated early in the
disease, is associated with significant risk reductions of 32% for any
diabetes-related endpoint (sudden death, fatal or non-fatal myocardial
infarction [MI], angina, heart failure, stroke, and amputation), 42% for
diabetes-related death (death from MI, stroke, peripheral vascular disease),
and 36% for all-cause mortality [34]

Modern SUs: A nationwide registry comprising 1310 DM patients with
acute myocardial infarction revealed that the mortality was lower in
patients previously treated with modern SUs when compared to those
treated with other oral medications or insulin [1, 17]

Use with caution

Conventional SU: According to South Asia Consensus Statements, modern
SUs should be preferred over conventional SUs in patients with CAD [1]

May use: Dipeptidyl peptidase-4 inhibitor (DPP4i), alpha-glucosidase
inhibitors (AGI)

Use with caution, only if necessary: Conventional SUs

Recommendations on use of various OADs in patients with unstable CAD

Preferred choice: Pioglitazone Preferred choice

Pioglitazone is associated with reduced CV risk, all-cause mortality, non-
fatal MI, and stroke and therefore is preferred OAD in patients with
unstable CAD. A meta-analysis conducted by Lee et al. [28] on three
randomized controlled studies reported that use of pioglitazone in stroke
patients with insulin resistance, prediabetes, and DM was associated with a
lower risk of recurrent stroke and future major vascular events

Use with caution

Metformin should be avoided in patients with unstable CAD [35]

EMPA-REG OUTCOME Study: In the study, although beneficial effect of
empagliflozin was reported on mortality and hospitalization for heart
failure, it failed to reduce hospitalization from unstable angina [22]
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Key recommendations Evidence and/or rationale

May use: Modern SU, DPP4i, AGI

Use with caution, only if necessary: Metformin, SGLT2i

Recommendations on use of various OADs in patients with HF EF preserved

Preferred choice: Metformin, SGLT2i Preferred choice

Metformin: In failing hearts, metformin improves myocardial energy metabolic
status through the activation of AMP (adenosine monophosphate)-activated
protein kinase (AMPK) and the regulation of lipid and glucose metabolism.
By increasing nitric oxide (NO) bioavailability, limiting interstitial fibrosis,
reducing the deposition of advanced glycation end-products (AGEs), and
inhibiting myocardial cell apoptosis, metformin reduces cardiac remodeling
and hypertrophy, and thereby preserves left ventricular systolic and diastolic
functions [36]. A study conducted by Romero et al. [19] suggested that
metformin therapy was associated with a decreased mortality and
hospitalization rate in patients with HF and new-onset DM

SGLT2 inhibition promotes natriuresis and osmotic diuresis, leading to plasma
volume contraction and reduced preload, as well as decreases in blood
pressure, arterial stiffness, and afterload, thereby improving subendocardial
blood flow in patients with HF. SGLT2 inhibition is also associated with
preservation of renal function [37]

Absolute contraindication

Pioglitazone: The pioglitAzone Clinical Trial In macroVascular Events
(PROactive Study) conducted by Erdmann et al. [23] proved that a larger
number of patients treated with pioglitazone were reported to have serious
HF compared to those treated with placebo

May use: Modern SU, DPP4i, AGI

Use with caution, only if necessary: Conventional SU

Absolute contraindication: Pioglitazone

Recommendations on use of various OADs in patients with HF low EF

Preferred choice: SGLT2i Preferred choice

SGLT2i: The CANVAS Program (Canagliflozin Cardiovascular Assessment
Study) conducted by Rådholm et al. [24] on 10,142 patients with T2DM and
high cardiovascular risk proved that the treatment with canagliflozin resulted
in reduced risk of cardiovascular death or hospitalized HF across a broad
range of different patient subgroups. Benefits were found to be greater in
those patients with a history of HF at baseline

Absolute contraindication

Pioglitazone: The pioglitAzone Clinical Trial In macroVascular Events
(PROactive Study) conducted by Erdmann et al. [23] proved that a larger
number of patients treated with pioglitazone were reported to have serious
HF compared to those treated with placebo

Conventional SUs: Conventional SUs do not preserve ischemic
preconditioning and therefore should be used with caution in patients with
HF only if necessary [1]

May use: Modern SU, metformin, AGI

Use with caution, only if necessary: DPP4i

Absolute contraindication: Pioglitazone, conventional SU

Recommendations on use of various OADs in patients with stroke

Preferred choice: Modern SU, metformin, pioglitazone Preferred choice

Modern SU: Meta-analysis of 47 RCTs by Varvaki Rados et al. [14] reported
that SUs are not associated with increased risk for all-cause mortality, CV
mortality, myocardial infarction, or stroke

Metformin: The United Kingdom Prospective Diabetes Study (UKPDS), a
subpopulation study that included overweight patients with diabetes, found
that metformin, when initiated early in the disease, is associated with
significant risk reductions of 32% for any diabetes-related endpoint (sudden
death, fatal or non-fatal myocardial infarction [MI], angina, heart failure,
stroke, and amputation), 42% for diabetes-related death (death from MI,
stroke, peripheral vascular disease), and 36% for all-cause mortality [34]

Pioglitazone: A meta-analysis conducted by Lee et al. [28] on three
randomized controlled studies reported that use of pioglitazone in stroke
patients with insulin resistance, prediabetes, and DM was associated with a
lower risk of recurrent stroke and future major vascular events
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Modern SUs Enhance Adherence and Are
the Preferred Management Option

Importance of Medication Adherence
in Achieving Glycemic Control
Despite the growing understanding of diabetes
and the availability of new medications and
technologies for the management of DM, a
substantial number of individuals are not able
to achieve their glycemic goals [28, 29, 43, 44].
According to real-world data, the proportion of
patients with poor glycemic control (HbA1c[
7%) was 85.8% between 1999 and 2002; 91%
between 2003 and 2006; and 91.7% between
2007 and 2010. This proportion has not

improved through 2014, despite the develop-
ment of many new medications [28, 29, 43, 44].

The key contributing factor for the inade-
quate glycemic control in a real-world setting is
poor medication adherence. Medication non-
adherence accounted for approximately three-
quarters of the gap between real-world data and
expected randomized controlled trial results
(gap = 0.51%) [30, 45].

Patient Adherence Adherence to and persis-
tence with antidiabetic medications are crucial
in patients with DM to achieve optimal clinical
benefits. Increased adherence to medications is
associated with a decrease in HbA1c, decreased
mortality rates, fewer all-cause hospitalizations,

Key recommendations Evidence and/or rationale

May use: DPP4i, AGI

Use with caution, only if necessary: SGLT2i,
conventional SU

Recommendations on use of various OADs in patients with peripheral artery disease

Preferred choice: Modern SU, metformin,
DPP4i

Preferred choice

Modern SUs: Evidence from a randomized controlled study suggests that glimepiride exerts an
inhibitory effect on the initiation and development of atherosclerosis [38]

Metformin and DPP4i delay the progression of atherosclerosis by improving endothelial dysfunction
and are thereby preferred in patients with peripheral arterial disease [39]

Use with caution

SGLT2i and conventional SU increase the atherosclerotic plaque and therefore should be used with
caution [39]

May use: Pioglitazone, AGI

Use with caution, only if necessary: SGLT2i,
conventional SU

Recommendations on use of various OADs in patients with dyslipidemia uncontrolled

Preferred choice: Modern SU, metformin,
DPP4i, SGLT2i, pioglitazone

Preferred choice

Modern SU: Glimepiride increases high-density lipoprotein cholesterol by increasing adiponectin
levels [40]

Metformin: Metformin reduces LDL cholesterol and triglycerides and increases HDL cholesterol
[41]

DPP4i, SGLT2i, and pioglitazone: Increase HDL cholesterol [41]

Use with caution

Conventional SU: Increases LDL [41]

May use: AGI

Use with caution, only if necessary:
conventional SU

Recommendations on use of various OADs in patients with arrhythmias

Preferred choice: Metformin Preferred choice

Metformin: In a population-based cohort study, metformin use was associated with a decreased risk
of atrial fibrillation in patients with T2DM who were not using other antidiabetic medication.
Reduced atrial fibrillation risk could be attributed to attenuation of atrial cell tachycardia-induced
myolysis and oxidative stress [42]

Use with caution

Conventional SU: glibenclamide interferes with the beneficial action of KATP channel opening
during acute ischemia–reperfusion events and therefore should be cautiously used in patients with
arrhythmias [1]

May use: Modern SU, DPP4i, SGLT2i, AGI

Use with caution, only if necessary:
Conventional SU, pioglitazone
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and lower healthcare expenditure. Approxi-
mately 699,000 emergency room visits and
341,000 hospitalizations per year can be averted
with long-term adherence to and persistence
with antidiabetic medications, resulting in
yearly savings of nearly US$5 billion [31, 46].

Adherence to medications is important to
achieve an effective therapeutic outcome. A
retrospective cohort study conducted by Ho
et al. evaluated the association between medi-
cation non-adherence and all-cause hospital-
ization and all-cause mortality. It was found
that the non-adherent patients had higher all-
cause hospitalization and all-cause mortality
when compared to adherent patients [32, 47].
Compliance to and non-persistence with pre-
scribed medication regimens also resulted in
increased morbidity and mortality as well as
increased healthcare costs [33, 48].

Physicians’ Communication Physicians’
communication has a major impact on adher-
ence. Communication contributes to a better
understanding among patients about the illness
and the risks and benefits of treatment. Support,
empathy, understanding, collaborative part-
nerships, and patient-centered interviewing are
essential for improving effective communica-
tion and enhancing adherence [34]. In a meta-
analysis conducted by Haskard Zolnierek et al.
of across 106 studies, a strong relationship was

identified between patient adherence and
physicians’ communication. Non-adherence
was found to be more than 1.47 times greater
among individuals whose physician was a poor
communicator. The odds ratio of a patient
adhering is 2.16 times better if the physician is a
good communicator [34, 49].

A study conducted by Kurlander et al. sug-
gested that non-adherence is influenced pri-
marily by financial reasons, whereas patients
who selectively reduce their diabetes treatments
are influenced by their mood and medication
beliefs [35, 50].

Affordability and Improved Adherence
with Modern SUs
Modern SUs offer superior glycemic efficacy and
are also available at a reasonable cost. Treat-
ment with modern SUs is associated with a
lower economic burden, and hence they are an
effective alternative to other newer antidiabetic
drugs. Sulfonylureas have an oral route of
administration (vs. injectable insulins and GLP-
1 analogs) and a once-daily dosing schedule (vs.
once to twice daily for metformin and three
times daily for alpha-glucosidase inhibitors and
glinides). The once-daily dosing ensures better
patient adherence to the medication, unlike its
comparator drugs [1].

Key recommendations of the international task force

Key recommendations Evidence and/or rationale

Treatment with modern SUs is associated with a lower

economic burden and better patient adherence, and hence

can be considered as an effective alternative to other newer

antidiabetic drugs

South Asia consensus statement recommends modern SUs as

an effective alternative to other antidiabetic medications;

SU-containing dual or triple fixed dose combinations, if

available, (with drugs that have complementary modes of

action) reduce cost, offer convenience, and improve

patient adherence [1]

The panel also highlighted the role of physicians in proper

communication about the illness and the risks and benefits

of treatment. Support, empathy, understanding,

collaborative partnerships, and patient-centered

interviewing are essential for improving effective

communication and enhancing adherence [34]

In a meta-analysis conducted by Haskard Zolnierek et al. of

across 106 studies, a strong relationship was identified

between patient adherence and physicians’ communication

[49]
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CONCLUSION

Sulfonylureas are an asset in diabetes care.
Owing to their safety, efficacy, extra-pancreatic
benefits, and low cost of therapy, modern SUs
could be considered as drugs of choice for the
treatment of diabetes. The concept of glu-
cocrinology should be implemented in the
management of diabetes to achieve holistic care
and best clinical outcomes.
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24. Rådholm K, Figtree G, Perkovic V, et al. Canagli-
flozin and heart failure in type 2 diabetes mellitus:
results from the CANVAS program (Canagliflozin
Cardiovascular Assessment Study). Circulation.
2019;138(5):458–68.

25. Kosiborod M, Gause-Nilsson I, Xu J, Sonesson C,
Johnsson E. Efficacy and safety of dapagliflozin in
patients with type 2 diabetes and concomitant
heart failure. J Diabetes Complicat.
2017;31(7):1215–21.

26. White WB, Bakris GL, Bergenstal RM, et al. EXam-
ination of cArdiovascularoutcoMes with alogliptIN
versus standard of carE in patients with type 2
diabetes mellitus and acute coronary syndrome
(EXAMINE): a cardiovascular safety study of the

1592 Diabetes Ther (2019) 10:1577–1593

http://apps.who.int/iris/bitstream/handle/10665/272433/9789241550284-eng.pdf%3fua%3d1
http://apps.who.int/iris/bitstream/handle/10665/272433/9789241550284-eng.pdf%3fua%3d1
https://doi.org/10.1371/journal.pone.0082880
https://doi.org/10.1371/journal.pone.0082880


dipeptidyl peptidase 4 inhibitor alogliptin in
patients with type 2 diabetes with acute coronary
syndrome. Am Heart J. 2011;162(4):620–6.e1.

27. Pantalone KM, Kattan MW, Yu C, et al. The risk of
overall mortality in patients with type 2 diabetes
receiving glipizide, glyburide, or glimepiride
monotherapy: a retrospective analysis. Diabetes
Care. 2010;33(6):1224–9.

28. Lee M, Saver JL, Liao HW, et al. Pioglitazone for
secondary stroke prevention: a systematic review
and meta-analysis. Stroke. 2017;48(2):388–93.

29. Patel A, MacMahon S, Chalmers J, et al. Intensive
blood glucose control and vascular outcomes in
patients with type 2 diabetes. N Engl J Med.
2008;358(24):2560–72.

30. Rosenstock J, Perkovic V, Johansen OE, et al. Effect
of linagliptin vs placebo on major cardiovascular
events in adults with type 2 diabetes and high car-
diovascular and renal risk: the CARMELINA ran-
domized clinical trial. JAMA. 2019;321(1):69–79.

31. Rosano GMC, Vitale C, Seferovic P. Heart failure in
patients with diabetes mellitus. Card Fail Rev.
2017;3(1):52–5.

32. Jia J, Cheng J, Ni J, et al. Neuropharmacological
actions of metformin in stroke. Curr Neurophar-
macol. 2015;13(3):389–94.

33. Simpson SH, Lee J, Choi S, et al. Mortality risk
among sulfonylureas: a systematic review and net-
work meta-analysis. Lancet Diabetes Endocrinol.
2015;3(1):43–51.

34. 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;35(9131):854–65.

35. American Diabetes Association. Cardiovascular
disease and risk management. Standard of medical
care in diabetes 2019. Diabetes Care.
2019;42(Suppl. 1):S103–23.

36. Dziubak A, Wojcicka G, Wojtak A, et al. Metabolic
effects of metformin in the failing heart. Int J Mol
Sci. 2018;19(10):2869.

37. Lytvyn Y, Bjornstad P, Udell JA, et al. Sodium glu-
cose cotransporter-2 inhibition in heart failure:
potential mechanisms, clinical applications, and
summary of clinical trials. Circulation.
2017;136(17):1643–58.

38. Koshiba K, Nomura M, Nakaya Y, et al. Efficacy of
glimepiride on insulin resistance, adipocytokines,

and atherosclerosis. J Med Invest.
2006;53(1–2):87–94.

39. Papanas N, Maltezos E. Oral antidiabetic agents:
anti-atherosclerotic properties beyond glucose
lowering? Curr Pharm Des. 2009;15(27):3179–92.

40. Araki T, Emoto M, Konishi T, et al. Glimepiride
increases high-density lipoprotein cholesterol via
increasing adiponectin levels in type 2 diabetes
mellitus. Metabolism. 2009;58(2):143–8.

41. Azimova K, Juan ZS, Mukherjee D. Cardiovascular
safety profile of currently available diabetic drugs.
Ochsner J. 2014;14(4):616–32.

42. Chang SH, Wu LS, Chiou MJ, et al. Association of
metformin with lower atrial fibrillation risk among
patients with type 2 diabetes mellitus: a population-
based dynamic cohort and in vitro studies. Car-
diovasc Diabetol. 2014;13:123.

43. Ali MK, Bullard KM, Saaddine JB, et al. Achievement
of goals in US diabetes care, 1999–2010. N Engl J
Med. 2013;368(17):1613–24.

44. Carls G, Huynh J, Tuttle E, et al. Achievement of
glycated hemoglobin goals in the US remains
unchanged through 2014. Diabetes Ther.
2017;8(4):863–73.

45. Carls GS, Tuttle E, Tan RD, et al. Understanding the
gap between efficacy in randomized controlled tri-
als and effectiveness in real-world use of GLP-1 RA
and DPP-4 therapies in patients with type 2 dia-
betes. Diabetes Care. 2017;40(11):1469–78.

46. Farr AM, Sheehan JJ, Curkendall SM, et al. Retro-
spective analysis of long-term adherence to and
persistence with DPP-4 inhibitors in US adults with
type 2 diabetes mellitus. Adv Ther.
2014;31(12):1287–305.

47. Ho PM, Rumsfeld JS, Masoudi FA, et al. Effect of
medication nonadherence on hospitalization and
mortality among patients with diabetes mellitus.
Arch Intern Med. 2006;166(17):1836–41.

48. Cramer JA, Roy A, Burrell A, et al. Medication
compliance and persistence: terminology and defi-
nitions. Value Health. 2008;11(1):44–7.

49. Haskard Zolnierek KB, Di Matteo MR. Physician
communication and patient adherence to treat-
ment: a meta-analysis. Med Care. 2009;47(8):
826–34.

50. Kurlander JE, Kerr EA, Krein S, Heisler M, Piette JD.
Cost-related nonadherence to medications among
patients with diabetes and chronic pain: factors
beyond finances. Diabetes Care. 2009;32(12):2143–8.

Diabetes Ther (2019) 10:1577–1593 1593


	Glucocrinology of Modern Sulfonylureas: Clinical Evidence and Practice-Based Opinion from an International Expert Group
	Abstract
	Aim
	Background
	Results
	Conclusions
	Funding

	Introduction
	Methods
	Results
	Glucocrinology: Concept of Interplay and Interlink of Glucose Homeostasis and Endocrine Glands
	Sulfonylureas: An Established Treatment of DM
	Classification of SUs
	Mechanism of Action
	Indications of SUs
	Reduced Risk of Hypoglycemia with Modern SUs
	American Diabetes Association (ADA) and European Association for the Study of Diabetes (EASD) Recommendations for SUs in T2DM Management

	Hidden Facets of SUs
	Hidden Pleiotropic Effects of Modern SUs
	Cardiovascular Effects of SUs
	Cardiovascular Phenotype
	Definition of Cardiovascular Phenotype
	Cardiovascular Phenotype in Diabetes
	The Clinical Expert Group Endorsed Newer SUs Because of CV Safety


	Influence of Cardiovascular Phenotype on OAD Choice
	OAD Choice and (Risk of) Heart Failure
	Effect of Metformin Therapy on Prognosis of Patients with HF and New-Onset DM
	Increase in Risk of Hospitalizations for HF in Patients Treated with Saxagliptin: Reports from the SAVOR-TIMI (Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes) Trial
	Addition of Sitagliptin to Usual Care is Not Associated with an Increased Risk of Hospitalization for HF: Data from the (Trial Evaluating Cardiovascular Outcome with Sitagliptin) TECOS Study
	Reduction in Hospitalization for HF with Empagliflozin: Reports from the (Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes trial) EMPA-REG OUTCOME Trial
	Increased Incidence of HF in DM Patients Treated with Pioglitazone: PROactive Study
	Reduction in Risk of Cardiovascular Death or Hospitalized HF in DM Patients Treated with Canagliflozin: Results from the CANVAS (Canagliflozin Cardiovascular Assessment Study) Program
	Efficacy and Safety of Dapagliflozin in Patients with T2DM and Concomitant HF

	OAD Choice and Risk of Myocardial Infarction
	Non-statistical Trend in Reduction of Non-fatal Myocardial Infarction: Results from CV Safety Outcome Trials (CVSOTs)
	Glimepiride Was Associated with Reduced Mortality Rates in DM Patients with CAD

	OAD Choice and Risk of Stroke
	OADs with Neutral Outcome on Non-fatal Stroke: Evidence from CVSOTs
	Pioglitazone Reduces Stroke in DM Patients


	Cardiovascular Safety of Modern SU Gliclazide: ADVANCE Study
	Ongoing CVOTs for SUs: The CAROLINA Trial
	Modern SUs Enhance Adherence and Are the Preferred Management Option
	Importance of Medication Adherence in Achieving Glycemic Control
	Patient Adherence
	Physicians’ Communication

	Affordability and Improved Adherence with Modern SUs


	Conclusion
	Acknowledgements
	References




