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ABSTRACT

Introduction: Recent guidelines for the treat-
ment of type 2 diabetes mellitus (T2DM) pro-
vide evidence supporting limited use of
sulphonylureas (SUs), especially in specific risk
patient categories, yet data from national reg-
istries still suggest their widespread use. The aim
of this study was to investigate characteristics of
patients with diabetes treated with SUs and
quantify the proportion of patients that met the

recommendations for use of SUs by recent
guidelines and of those presenting characteris-
tics representing an inappropriate prescription
risk (IPR).
Methods: A multicenter, retrospective, cross-
sectional, observational study in patients with
T2DM receiving treatment with SUs (as
monotherapy or in combination with another
diabetes therapy) was conducted between 2017
and 2018 in 22 outpatient diabetes clinics across
Italy. Exclusion criteria were type 1 diabetes,
diabetes mellitus secondary to other conditions,
and presence of severe/life-threatening diseases.
Results: A total of 510 patients with T2DM (306
men, 204 women; mean age ± standard devia-
tion 69.8 ± 9.3 years) who were receiving
treatment with a SU (as monotherapy or in
combination therapy) were assessed in the
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study. Overall, 70.6% [n = 360; 95% confidence
interval (CI) 66.4%, 74.5%] were assessed to
have an IPR. Of these, approximately half pre-
sented one factor for risk of inappropriate pre-
scription, and 27 and 10.6% presented two and
three factors, respectively. In terms of factors
contributing to the total burden of risk of
inappropriate treatment with SUs, 37.5% (95%
CI 33.2%, 41.8%) of all patients were obese;
33.3% (95% CI 29.3%, 37.6%)] were aged
C 75 years; 18.6% (95% CI 15.3%, 22.3%) had a
history of cardiovascular disease; 14.1% (95% CI
11.2%, 17.4%) had chronic renal insufficiency;
1.8% (95% CI 0.8%, 3.3%) had a history of
severe hypoglycemia; 1.8% (95% CI 0.8%; 3.3%)
had cognitive impairment; and 2.4% (95% CI
1.2%, 4.1%) had a risky occupation.
Conclusions: The results of this study provide
evidence of a high rate of inappropriate SU
prescription risk among patients with T2DM,
especially among those with overweight/obe-
sity, older age, history of cardiovascular disease,
and hypoglycemia.

Keywords: Diabetes mellitus; Elderly;
Hypoglycemia; Overweight; Obesity;
Sulphonylureas

Key Summary Points

Why carry out this study?

National guidelines recommend limiting
the use of sulphonylureas (SUs) in patients
with type 2 diabetes mellitus, especially in
those with history of heart disease, renal
failure, and history of hypoglycemic
events.

The aim of this study was to investigate
characteristics of diabetic patients treated
with SUs and quantify the proportion of
patients that met the recommendations
for use of SUs in recent guidelines and of
those presenting characteristics
representing inappropriate prescription
risk (IPR).

Data from the SUSCIPE study, conducted
in 22 outpatient diabetes clinics across
Italy, were collected from more than 500
patients with T2D.

What was learned from this study?

The results showed that in 70% of cases
SUs were prescribed to patients who
according to guidelines belong to specific
patient groups for whom guidelines
recommend caution.

Approximately half of these patients had
one risk factor for whom a prescription
might be considered inadequate, and 27
and 10.6% had two and three factors,
respectively.

SUs are still widely prescribed despite the
availability of alternative drugs without
any intrinsic risk of hypoglycemia or
weight gain, with up to half of patients on
SUs in our population receiving a new
prescription with a SU within the last 2
years of the study.

INTRODUCTION

To date, despite the availability of several mole-
cules and drug classes for the treatment of type 2
diabetes mellitus (T2DM), a large portion of
patients still do not achieve optimal glycemic
control and are therefore exposed to a higher
long-term risk for microvascular damage and
systemic complications [1–3]. As evidenced by the
results of the UK Prospective Diabetes Study
(UKPDS), a 1% reduction in glycated hemoglobin
(HbA1c) appears be associated with marked
reductions in diabetes-related mortality (21%),
myocardial infarction (14%), and microvascular
complications (37%) [2, 3]. Accordingly, recent
guidelines (GLs) developed for the treatment of
T2DM in Western countries have been reconsid-
ering therapies and treatment targets, with the
aims of shifting HbA1c values downards, from 7
to\6.5% (53–48 mmol/mol), without placing
the patient at risk of severe hypoglycemia or any
other side effects [1, 3–6] and of broadening the
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scope of the recommendations from HbA1c
reduction alone to include changes in lifestyle,
weight stabilization/reduction, and prevention of
metabolic complications [1, 3, 4].

Current recommendations for antihyper-
glycemic treatment stress that the choice of
therapy must be oriented towards molecules
that are weight-neutral [dipeptidyl peptidase-4
(DPP-4) inhibitors] or promote weight loss
(metformin, glucagon-like peptide-1 receptor
agonists (GLP-1 RAs), and sodium-glucose
transport protein 2 (SGLT2) inhibitors], void of
an increased risk of hypoglycemia [associated
mostly to the use of insulin or sulphonylureas
(SUs)/glinides] [1, 3], and without increased
comorbidity for cardiovascular (CV) disease or
kidney failure. Not least, treatment aspects have
also been discussed in terms of relevant eco-
nomic-related implications, with higher costs
being offset by the prevention of hypoglycemic
events and reduction in hospital admissions [7].

In 2016 these principles were embraced by the
national GLs of Italy [3], which also underlined
the lack of evidence for the superiority of one
agent over another (except for metformin in
overweight patients with diabetes). Although the
GLs did not endorse the use of any one specific
agent, they did provide guidance on major (hy-
poglycemia, kidney disease, heart disease, risky
occupation) and minor (age, obesity) factors that
should caution against the use of a specific agent
[1, 3, 8]. Specific warnings included the use of SUs
in the elderly and in patients with renal failure
and/or a history of hypoglycemic events, based
on the glucose-independent manner with which
these drugs stimulate insulin secretion.

Since then, such concerns have been
addressed further with contrasting results from
a number of studies on the possible contribu-
tion of SUs to CV disease [8–10]. Although very
recent studies [11, 12] seem to provide ultimate
evidence of the neutrality of SUs in promoting
CV disease, this is not so for patients who have
already had a CV event and who should be
directed to newer generation molecules, such as
SGLT2 inhibitors or GLP-1 RAs, that have been
shown to even reduce CV risk [4]. Nonetheless,
2016 data from national registries [13, 14]
indicate that approximately 36.3% of all oral
antihyperglycemic agents prescribed in Italy are

secretagogues, specifically SUs/SU ? metformin
(27.4%) and glinides (8.9%).

Taking these data into consideration, we
have investigated the socio-demographic and
clinical characteristics of patients with diabetes
treated with SUs. In addition, we have assessed
whether—and if so, in what proportion—these
patients met the recommendations in recent
Italian and international GLs for the use of SUs
in clinical practice and quantified the inappro-
priate prescription risk (IPR).

METHODS

Study Design and Population

This study was a multicenter, retrospective/
cross-sectional, observational study involving
22 outpatient diabetes clinics across Italy that
were chosen to provide a heterogeneous repre-
sentation of large- and medium-sized referral
centers (on average, with 1 diabetologist and 2
nurses per 1000 patients) located in the north-
ern, central, and southern regions of Italy.

Patient enrollment took place between June
2017 and July 2018, and all consecutive patients
receiving SU treatment who presented for their
prescheduled periodic check-up appointment
(index visit) during that period were eligible. No
additional appointments were scheduled for
this study, and no pharmacological or behav-
ioral interventions were implemented for the
purpose of this study. During the index visit,
relevant information was collected as required
by the protocol, either on paper or on an elec-
tronic case report form, in accordance with each
participating center’s procedures.

Criteria for inclusion in the study were:
diagnosis of T2DM [as defined by the American
Diabetes Association (ADA) criteria]; on-going
treatment with SUs, either as monotherapy or
in combination therapy; availability of com-
plete socio-demographic and clinical data rele-
vant to the purpose of the study; and signed
patient-informed consent form. Exclusion cri-
teria were: type 1 diabetes mellitus; non-phar-
macologically treated diabetes; T2DM treated
only with medications other than SUs; diabetes
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mellitus secondary to other conditions; and
other severe life-threatening diseases.

Among the main data collected were socio-
demographic variables and main clinical and
diabetes-related laboratory parameters [family
history of diabetes, concomitant diseases and
treatments, history of CV disease, history of
hypoglycemia events, body mass index (BMI),
blood pressure, HbA1c, kidney function, type of
SU, and initiation date of SU therapy].

Study Objectives

The primary objective of the study was to quantify
the percentage of patients inappropriately treated
with SUs, based on the 2016 Associazione Medici
Diabetologi–Società Italiana di Diabetologia
(AMD–SID) GLs [3]. Specifically, inappropriate
treatment was defined as patients meeting one or
more of the following seven characteristics/risk
factors: age C 75 years; history of heart failure,
unstable angina, coronary heart disease, stroke, or
myocardial infarction; chronic renal insufficiency
(moderate tosevereor requiringdialysis);historyof
severe hypoglycemia (conventionally defined as
an episode that requires assistance from another
person); obesity (set as BMI C 30 kg/m2, in accor-
dance with the AMD–SID and World Health
Organization definitions); cognitive impairment;
and risky occupation (bus/taxi/train driver, work-
ing at height).

The secondary objective was to quantify the
percentage of patient subgroups by specific
comorbidity, age, or one of the seven character-
istics mentioned above, and the use of gliben-
clamide, gliclazide, or repaglinide ? SU among
patients aged C 75 years. In addition, and with an
exploratory purpose only, a further aim was to
examine the association between selected indi-
vidual characteristics and drug use and IPR.

Statistical Methods

Regarding the primary objective, the IPR of SUs
was calculated as the percentage ratio between
the number of patients meeting one or more of
the seven characteristics/risk factors outlined in
the 2016 AMD–SID GLs and the number of eli-
gible patients (all treated with SUs). For the

secondary objective, we calculated the percent-
ages of patients contributing to the total burden
of inappropriate treatment with SUs for each
specific factor together with their Clop-
per–Pearson 95% confidence interval (CI). In
addition, the percentages of patients treated
with the SUs glibenclamide or gliclazide or with
repaglinide (a meglitinide) ? SU and aged
C 75 years were calculated.

An exploratory analysis was conducted by
comparing groups of patients with inappropri-
ate versus appropriate treatment with SUs
according to selected characteristics using
Pearson’s chi-squared test or Fisher’s exact test
(for categorical variables) and the Mann–Whit-
ney test for HbA1c. For all statistical tests, a
p value\0.05 was accepted as indicating sta-
tistical significance. Secondly, the evaluation of
the candidate predictors of IPR was examined
using multiple logistic regression analysis to
compute the odds ratios (OR) and related 95%
CIs [15]. Models with different sets of indepen-
dent variables were estimated on patients for
whom data on all relevant variables were
available.

Analysis of the primary objective was also
repeated by eliminating BMI from the risk fac-
tors in the IPR definition.

Compliance with Ethics Guidelines

The present study was approved (no. 80/2017/U)
by the Ethics Committee ‘‘Comitato Etico intera-
ziendale AOU San Luigi Gonzaga di Orbassano
AA.SS.LL. TO3–TO4–TO5’’ (Turin, Italy). Given
the retrospective design of the study, no medical,
pharmacological, or behavioral interventions
were involved. All research was conducted in
agreement with the principles laid out in the
original Declaration of Helsinki and its later
amendments, and data were handled in agree-
ment with patient-informed consent.

RESULTS

The study included a total of 510 adult patients
with T2DM [306 men/204 women; 97.8% Cau-
casian; mean age (± standard deviation)
69.8 ± 9.3 years], all of whom were receiving
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treatment with a SU, either as monotherapy or
in combination with another diabetes medica-
tion (Table 1). The mean BMI was
29.1 ± 5.2 kg/m2, with the majority of patients
(81.0%) being either overweight or obese (43.5
and 37.5%, respectively). Mean HbA1c was
7.6 ± 1.3% (60 ± 14.2 mmol/mol), and
approximately one-half of the patients enrolled
had a family history of diabetes. One-third of all
patients (95% CI 29.3%, 37.6%) were
aged C 75 years, 18.6% (95% CI 15.3%, 22.3%)
had a history of CV disease, 14.1% (95% CI
11.2%, 17.4%) had chronic renal insufficiency,
1.8% (95% CI 0.8%, 3.3%) had a history of
severe hypoglycaemia events, 1.8% (95% CI
0.8%, 3.3%) had cognitive impairment, and
2.4% (95% CI 1.2%, 4.1%) had a risky
occupation.

Rate of IPR

Based on the seven main criteria from the 2016
AMD–SID GLs [3] used to identify the inappro-
priate use of SUs, of the 510 adult patients

Table 1 Socio-demographic and clinical characteristics of
the study population (n = 510)

Socio-demographic and clinical
characteristics

Values

Socio-demographic characteristics

Male 60.0%

Age (years) 69.8 ± 9.3

Age C 75 years 33.3%

Caucasian 97.8%

High school diploma 41.9%

City residence 83.7%

Risky occupation 2.4%

BMI (kg/m2)

Mean 29.1 ± 5.2

\ 25 19.0%

25 to \ 30 43.5%

C 30 37.5%

Clinical characteristics

Systolic blood pressure (mmHg) 138.8 ± 17.6

Diastolic blood pressure (mmHg) 77.3 ± 17.6

HbA1c (%) 7.6 ± 1.3

Cognitive impairment 1.8%

Family history of diabetes 53.5%

Documented moderate hypoglycemia 12.2%

CV-related diseases

Heart failure 2.9%

Previous myocardial infarction 9.2%

Unstable angina 1.8%

Coronary heart disease 11.4%

Previous stroke 4.5%

Kidney function

Renal insufficiency 14.1%

eGFR (mL/min/1.73 m2)

\ 30 0.8%

30–60 11.8%

Table 1 continued

Socio-demographic and clinical
characteristics

Values

[ 60 87.4%

Concomitant treatments

Antihypertensive agents 78.6%

Lipid-lowering agents 58.8%

Anticoagulant agents 10.0%

Antithrombotic agents 42.9%

Other cardiovascular medication 15.9%

Drugs for central nervous system 6.3%

Data are reported as a percentage or as the mean ±

standard deviation (SD), as appropriate. The percentage of
each characteristic refers to patients for whom data are
available. The mean and SD of continuous variables were
calculated for patients for whom the respective values were
available
BMI Body mass index, CV cardiovascular, HbA1c glycated
hemoglobin
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included in the study, 360 (70.6%; 95% CI
66.4%, 74.5%) were classified as presenting with
an IPR. Of these 360 patients, 60.3% presented
with only one risk factor.

Analysis of the IPR (Table 2) revealed that the
most common risk factors were obesity (47.5%

Table 2 Combination of risk factors presenting in
patients with an inappropriate prescription risk (n = 360)

Combination of risk factors
indicating IPR

Number of patients
with an IPR (%)

One risk factor 217 (60.3)

Obesity 103 (47.5)

Age C 75 years 70 (32.3)

CV comorbidity 23 (10.6)

Special occupation 6 (2.8)

Renal insufficiency 12 (5.5)

Cognitive impairment 3 (1.4)

Severe hypoglycemia 0 (0.0)

Two risk factors 97 (26.9)

Obesity ? Age C 75 years 26 (26.8)

Obesity ? CV comorbidity 14 (14.4)

Obesity ? Renal insufficiency 8 (8.2)

Obesity ? Special occupation 3 (3.1)

Age C 75 years ? CV

comorbidity

20 (20.6)

Obesity ? Cognitive impairment 1 (1.0)

CV comorbidity ? Renal

insufficiency

3 (3.1)

Obesity ? Severe hypoglycemia 1 (1.0)

Age C 75 years ? Renal

insufficiency

14 (14.4)

Age C 75 years ? Severe

hypoglycemia

3 (3.1)

CV comorbidity ? Severe

hypoglycemia

1 (1.0)

Special occupation ? Renal

insufficiency

2 (2.1)

Renal insufficiency ? Severe

hypoglycemia

1 (1.0)

Three risk factors 38 (10.6)

Obesity ? Age C 75 years ?

Renal insufficiency

11 (28.9)

Table 2 continued

Combination of risk factors
indicating IPR

Number of patients
with an IPR (%)

besity ? Age C 75 years ? CV

comorbidity

8 (21.1)

Age C 75 years ? CV

comorbidity ? Renal

insufficiency

8 (21.1)

Obesity ? CV comorbidity ?

Renal insufficiency

6 (15.8)

Other combinations of three risk

factors

5 (13.1)

Four risk factors 7 (1.9)

Obesity ? Age C 75 years ? CV

comorbidity ? Renal

insufficiency

5 (71.4)

Obesity ? Age C 75

years ? Renal

insufficiency ? Cognitive

impairment

1 (14.3)

Age C 75 years ? CV

comorbidity ? Severe

hypoglycemia ? Cognitive

impairment

1 (14.3)

Five risk factors 1 (0.3)

Obesity ? Age C 75 years ? CV

comorbidity ? Renal

insufficiency ? Severe

hypoglycemia

1 (100)

Obesity ? Age C 75 years ? CV

comorbidity ? Severe

hypogycemia ? Cognitive

impairment

0 (0.0)

IPR Inappropriate prescription risk
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of patients with IPR), age [ 75 years (32.3%),
and CV comorbidity (10.6%). Of the 360
patients with an IRP, more than one-half had C

2 concomitant risk factors, with 27% presenting
with two risk factors, of which the most com-
mon were the combinations obesity ? age
(26.8% of the latter patient group), age ? CV
morbidity (20.6%), obesity ? CV comorbidity
(14.4%), and age ? renal disease (14.4%); 10.6,
1.9, and 0.3% of patients presented with three,
four, and five concomitant risk factors,
respectively.

The computation of the IPR after BMI was
removed from the analysis of risk factors (this
parameter is a possible source of bias) confirmed
that one-half of all SU prescriptions were inap-
propriate, yielding a 50.4% IPR (95% CI 46.0%,
54.8%) (Supplementary material Table 1
Appendix).

The association between selected features
and IPR (Supplementary material Table 2
Appendix) was statistically significant for the
following variables: use of antihypertensive
agents (p\0.001), use of anticoagulant agents
(p = 0.010), use of antithrombotic agents
(p = 0.002), use of other agents for the CV sys-
tem (p = 0.019), and use of at least one agent
among antihypertensive, lipid-lowering, and
antithrombotic agents (p = 0.004). The associa-
tion of use of lipid-lowering agents and IPR was
not statistically significant (p = 0.153).

Multiple regression logistic models used to
assess the predictors of IPR (Supplementary

material Table 3 Appendix) showed that the
propensity of IPR was about twofold higher for
patients receiving antihypertensive drugs (OR
1.88; 95% CI 1.18, 3.00) and for those taking at
least one agent among the antihypertensive,
lipid-lowering, and antithrombotic agents (OR
1.98; 95% CI 1.10, 3.56). Conversely, the analysis
did not show a statistically significant difference
between appropriately and inappropriately trea-
ted patients in terms of use of lipid-lowering
agents (OR 1.16; 95% CI 0.78, 1.75).

SU Types, Doses, and Length of Treatment

The most commonly used SU among the 510
patients was gliclazide (71.4%), followed by
glimepiride (20.6%) (Table 3). Among the
patients aged[75 years (33.3% of total patients
enrolled), gliclazide was used by 68.2%, gliben-
clamide (with or without metformin) by 11.8%,
and SU ? repaglinide by 4.1%.

Data obtained in the IPR (n = 360) popula-
tion stratified by length of treatment since pre-
scription (Table 4) showed that one-half of
inappropriate treatments were started within
the 2-year period preceding the index visit,
while the other half referred to older prescrip-
tions (31.1% of SUs prescribed during the pre-
vious 3–9 years; 10.8% during the previous
10–14 years, and 8.3% over 15 years previously).
Among the patients appropriately treated (150
non-IRP patients), slightly more than one-half

Table 3 Types of sulphonylureas

Sulphonylurea Overall use, n
(%)

IRP, n
(%)

Non-IRP, n
(%)

Combination with
repaglinide, n (%)

Combination with
insulin, n (%)

Gliclazide 364 (71.4) 258

(70.9)

106 (29.1) 16 (4.4) 45 (12.4)

Glimepiridea 105 (20.6) 70 (66.7) 35 (33.3) 1 (0.9) 12 (11.4)

Glibenclamideb 41 (8.0) 32 (78.1) 9 (21.9) 0 (0.0) 12 (29.3)

p valuec – 0.39 0.10 0.009

The SU was used either alone or in association with other drugs
a In 6 of the 105 (5.7%) patients, glimepiride was used in association with pioglitazone
b In 31 of the 41 (75.6%) patients, glibenclamide was used in association with metformin
c p value for the association of SU and IPR, and the use of repaglinide and insulin. p value\ 0.05 indicates statistical
significance
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had had treatments started within the last 2
years.

Gliclazide was the most commonly SU pre-
scribed in all time frames considered (0–2 years,
3–9 years, 10–14 years, C 15 years) (Fig. 1), fol-
lowed by glimepiride, either alone or in com-
bination with metformin. Compared to when
the overall time frame was considered, the
analysis of length of treatment showed that the
use of gliclazide increased in the most recent
2-year period from the index visit, whereas the
use of glimepiride increased in the 3- to 9-year
time frames; Also, the prescription rate showed
a 50% reduction in the most recent 2 years.

The mean daily dose of insulin used in 69
patients was 16.8 ± 11.6 U. The median daily
doses of the SUs were 60.0 (mean ± SD,
57.7 ± 36.4) for gliclazide, 2.0 (mean ± SD,
4.9 ± 16.8) for glimepiride and 5.0 (mean ± SD,
8.6 ± 5.8) for glibenclamide.

DISCUSSION

The aim of the study reported here was to pro-
vide a snapshot of current utilization of SUs in
Italy, focusing on the rate of inappropriate
prescription, as defined by the presence of at
least one of seven main patient characteristics/
risk factors mentioned in current guidelines.
Overall, the patient sample represented a typi-
cal patient population with T2DM, with most

patients presenting high HbA1c values, over-
weight or obesity, and several comorbidities.

With specific reference to the primary
objective of our study, 70.6% of the patients
had at least one IPR (n = 360), of whom 50%
presented one risk factor for IPR and the
remaining 50% presented C 2 risk factors.
Weight, age, and CV comorbidities were the
most frequently documented patient risk fac-
tors. Many patients presented several risk fac-
tors concomitantly, which worsened the
cumulative individual risk of an inappropriate
prescription.

Overall, our analyses confirmed the poten-
tially inappropriate use of SUs, with 50% of all
SU prescriptions occurring within the 2 years
immediately preceding the index visit. It is
noteworthy, however, that during the study
period (June 2017 to July 2018) the use of SUs
was already being discouraged, in part in
accordance with the 2016 AMD–SID GLs for
specific patient risk categories, such as those
considered in this study, and in part due the
availability of alternative drugs with a very low
risk of hypoglycemia and weight gain, such as
DPP-4 inhibitors, GLP-1 RAs and, more recently,
SGLT2 inhibitors. In addition, the 2018 AMD-
SID GLs no longer recommend SUs as second-
line treatment (scientific evidence grade I A),
limiting their use only to special cases as third-
line treatment and not in combination with
insulin [4], while specifically recommending
against the use of glibenclamide, which is
associated to a greater risk of hypoglycemia
[3, 4].

BMI and Overweight/Obesity

We had expected weight to be an important
discriminating factor in the choice of anti-dia-
betes treatment as it significantly influences
glycemic control and macrovascular complica-
tions. It is also well known that overweight and
obese patients are more likely to be affected by
T2DM, with the odds ratio increasing from the
lowest BMI category to the highest [1, 4, 16–19].

In our study we set the cutoff for obesity at
BMI[30 kg/m2 (rather than 25 kg/m2 as

Table 4 Inappropriate prescription risk and non-inap-
propriate prescription risk by length of prescription

Time from SU
prescription
(years)

IPR
(n= 360)

Non-IPR
(n = 150)

Totall study
population
(n = 510)

0–2 179

(49.7%)

78

(52.0%)

257 (50.4%)

3–9 112

(31.1%)

46

(30.7%)

158 (31.0%)

10–14 39

(10.8%)

19

(12.7%)

58 (11.4%)

C 15 30 (8.3%) 7 (4.7%) 37 (7.2%)
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indicated by some GLs), as the cutoff reflects
real-world clinical practice [3, 20].

Although we can only speculate on the rea-
sons justifying the use of SUs in obese patients,
treatment with SUs is associated with weight
gain, which is known to enhance chronic low-
grade subclinical inflammation and insulin
resistance, contributing to the long-term
development of macro- and microvascular
damage [17, 21].

Age

Of all patients receiving SUs in the present
study, 33% were older than 75 years; of these,

11.8% were treated with glibenclamide (with or
without metformin), 68.2% were treated with
gliclazide, and 4.1% were treated with a
SU ? repaglinide. These percentages are in
agreement with data from an Italian national
registry, Osservatorio ARNO, which also docu-
ments a high SU prescription rate among the
elderly [14]. This high use of SUs is not recom-
mended in current GL recommendations
which, in contrast, discourage the use of SUs in
elderly patients due to the increased risk of
severe hypoglycemic events among aging
patients who are already facing a physiological
decrease in renal, hepatic, and beta-cell func-
tion [3, 4]. In particular, it is important to note

Fig. 1 Time from first prescription according to type of sulphonylurea and patient age. Data refer to the 360 patients who
were inappropriately treated
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that glibenclamide has a prolonged plasma half-
life and that it lasts even longer in individuals
suffering from renal impairment, which is fre-
quently observed in elderly patients. Thus, the
related high risk of hypoglycemia should always
be considered when prescribing a new antihy-
perglycemic agent in older patients.

Hypoglycemia

With particular reference to hypoglycemia, the
glycemic threshold that triggers symptoms of
hypoglycemia is less functional in elderly indi-
viduals than in younger patients; consequently,
the occurrence of a glycemic event may more
easily lead to arrhythmias, angina, and falls in
elderly patients. In particular, severe hypo-
glycemic episodes have been shown to be asso-
ciated to a twofold increase in the incidence of
dementia, as shown by recent systematic
reviews and a meta-analysis of the impact of
pharmacologic therapy for diabetes on demen-
tia [22].

It has also been estimated that the risk of
severe fatal events in the elderly doubles in
patients receiving anti-diabetic treatment,
either alone or with concomitant medications,
as it increases the risk of hypoglycemia [3, 4].
Moreover, higher hypoglycemic risk has been
well documented for some SUs, such as long-
acting glibenclamide, which is also not recom-
mended in recent GLs [3, 4]. Despite this, over
11% of our patients who were more than
75 years old were receiving treatment with
glibenclamide.

Cardiovascular Risk

The CV risk factor for inappropriate prescription
was found in 18.6% of the total patient popu-
lation. In recent years the safety of SUs versus
CV risk has been widely debated, and current
GLs recommend the use of the new drug classes
of SGLT-2 inhibitors and GLP-1 RAs, which
have demonstrated a protective effect on CV
mortality and events in individuals with history
of heart disease [4, 23–27].

As demonstrated by current AMD–SID GLs,
evidence for at least limiting the use of SUs

appears to be sufficiently robust [1, 4, 28], yet
still leaving room for debate on CV risk [AMD-
SID2018]: data from the UKPDS trial showed a
similar CV mortality among SU users and con-
trols, and an even lower mortality for long-term
SU users; the data also showed no significant
difference between SU and insulin with respect
to CV mortality. However, SUs are associated
with a higher mortality than metformin [2]. The
TOSCA.IT study compared SUs with pioglita-
zone and found no significant difference in the
incidence of CV events, while a post-hoc anal-
ysis showed an inferior incidence of events for
pioglitazone [7]. In contrast, several meta-anal-
yses have reported conflicting results, with an
increased all-cause mortality among patients on
SUs, even if no statistically significant differ-
ences were found when data from more
restrictive studies were analyzed [4].

In a population-based cohort study, 25,699
patients starting on metformin, either with SUs
added to metformin or who were switched to
SUs, were compared with patients remaining on
metformin monotherapy. The authors reported
that SUs as second-line drugs were associated
with an increased risk of myocardial infarction,
all-cause mortality, and severe hypoglycemia
[29]. Such results are in disagreement with those
of a previous 2013 Cochrane review that com-
pared monotherapy with SUs versus placebo, no
intervention, or other anti-diabetic interven-
tions, and evaluated 72 randomized controlled
trials with 22,589 participants. Results in a
random-effects model showed no statistically
significant effects of SUs regarding all-cause
mortality or cardiovascular mortality [30].

Finally, results of trials with second-genera-
tion SUs did not show an increased CV risk with
use of these agents. In fact, in the ADVANCE
trial, in which participants in the intensive
glycemic control group used a gliclazide-based
regimen, CV outcomes were similar in the
conventional and intensive arms [8]. Moreover,
the recently concluded CAROLINA study,
which is the first CV outcomes trial to compare
two active drugs (linagliptin vs. glimepiride),
appears to provide final evidence of the neutral
CV profile of glimepiride [11].

Similarly, recent ADA standards of medical
care [1, 31] consider second-generation SUs to
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be neutral on CV events (both atherosclerotic
CV disease and heart failure), suggesting their
use (as second-line treatment after metformin)
in patients without established atherosclerotic
CV disease or chronic kidney disease when cost
is a major issue. However, this is not the case of
Italy, where the National Health System reim-
burses the new classes of drugs, albeit with some
prescription limitations. The ADA 2019 adden-
dum to the 2018 GLs, however, does specifically
recommend either GLP-1 RAs or SGLT2 inhibi-
tors for patients with atherosclerotic CV disease
or at high risk for heart failure, or SGLT2 inhi-
bitors for patients with existing heart failure
[1, 32].

Taking into account the number of patients
in our population presenting the CV risk factor
concomitantly with an age C 75 years as well as
additional risk factors, the study by Li et al. is
worth mentioning. These authors specifically
evaluated the use of SUs among the elderly and
confirmed the association between CV disease
and SUs in older individuals, with a positive
correlation for coronary heart disease and
duration of treatment, albeit with differing
effect sizes depending on tissue-specific receptor
binding of each SU [32].

Renal Impairment

In addition to CV disease, microangiopathic
complications, such as reduced glomerular fil-
tration rate (GFR) and microalbuminuria, rep-
resent additional sources of concern [3, 33, 34].
In the present study, approximately 13–14% of
patients presented mild to moderate renal
impairment, often in combination with another
risk factor (age or weight). Reduced estimated
GRF causes a prolonged presence and increased
levels of the drugs and may therefore increase
the risk of hypoglycemia.

SUs Amid Newer Generation
Antihyperglycemic Treatment Options

Taken together the results from our study sug-
gest the need to look deeper into the motiva-
tions underlying SU prescribing, particularly at
a time when a number of alternative anti-

diabetic treatments are available with equiva-
lent effectiveness. With specific reference to the
persistent usage of SUs in Italy, one explanation
is likely related to the Italian Drug Regulatory
Agency (Agenzia Italiana del Farmaco -AIFA)
rules, which govern the use of innovative anti-
diabetic drugs. These require diabetologists to
first establish a personal therapeutic plan in
which they prescribe either a GLP-1 RA, DPP-4
inhibitor, or SGLT2 inhibitor and then keep
within that plan without the possibility to add
other drugs for combination therapy, with the
aim to stay within a certain cost range [35].
Other reasons for persistent usage could also be
factors such as therapeutic inertia, incomplete
consideration by the physicians of the risk fac-
tors described above, and the unwillingness of
the patients to change drug or to accept more
complex drug regimens.

It should be noted that the main SU pre-
scribed in Italy is gliclazide, which is known to
have a more favorable CV profile and a lower
hypoglycemic risk than other SUs due to its
pharmacodynamic and pharmacokinetic char-
acteristics [36, 37]. Furthermore, the median
drug dosage is in the low range.

One alarming development is the concomi-
tant prescription of a SU with repaglinide.
While SUs may be considered for use in com-
bination with all classes of oral anti-diabetic
drugs, they should not be administered with
glinides.

In contrast with indications from the Euro-
pean GLs, several authors still support the use of
SUs [38, 39], either focusing on the aspect of
dosage that would appear to provide equal
efficacy of other anti-diabetic agents with less
adverse effects [36, 37] or on the modified or
slow-release SUs (such as gliclazide) that are
associated with a lower risk of hypoglycemia
(especially compared to glimepiride or glipizide)
[9, 38]. The debate on SUs has recently focused
on the strength of scientific evidence of GLs
versus consensus statements [40]. The afford-
ability of SUs and disease-management costs
aspects also remain relevant topics [1, 41–43].
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Limits of the Study

Findings from our study provide evidence for a
persistent high rate of inappropriate prescrip-
tion of SUs in the last 2 years, in agreement with
data from main national registries.

There are a number of limitations to our
study. First, the sample size of our population
was relatively small to draw definitive conclu-
sions. Nevertheless, our study represents a ‘‘real-
world’’ reflection of the activity of some outpa-
tient clinics in a specific setting (Italy) in which
the National Health Service provides drugs at no
expense to diabetic patients, but where the
prescription of innovative drugs is only possible
under defined and restrictive rules. Second, the
study does not include qualitative information
on clinical decision-making that may have
warranted appropriate SU use in these patients
(possible contraindications to other glucose-
lowering agents, patient preference, etc.). This
might be an interesting aspect for future study.

CONCLUSIONS

Findings from this present study provide evi-
dence for a high risk of inappropriate prescrip-
tion of SUs among T2DM patients with
established CV disease, older age, renal impair-
ment, as well as high BMI indicative of obesity.
These results underline the need for both gen-
eral practitioners and specialists to carefully
monitor patients for the presence of these fac-
tors and to withdraw or avoid prescribing this
class of drug when one or more of these factors
are present.

Larger and more prolonged observations are
required to provide a better understanding of
the evolution of anti-diabetic treatments in the
era of innovative medications with proven
effects on weight reduction, with a virtually
absent risk of hypoglycemia, a minimal burden
(or potential benefit) on diabetic renal disease,
and proven beneficial effects on major CV
outcomes.
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