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ABSTRACT

Background: The first treatment approach for type 2 diabetes mellitus is lifestyle change
and metformin, but it is usually not sufficient. For some time, the anti-hyperglycemic
classes of sulfonylureas and dipeptidyl peptidase-4 (DPP-4) inhibitors were considered
second-line of treatment, since they show similar efficacy effect. However, the recent
ADA-EASD consensus gives the preference to DPP-4 inhibitors compared to sulfonylureas,
except if cost is a major problem. We performed a meta-analysis for safety and tolerability
profile to comprehend which treatment has less adverse events.

Methods: PUBMED and EMBASE databases were searched from inception until July 2017 to
retrieve RCT studies comparing DPP-4 inhibitors and sulfonylureas treatments in adult type
2 diabetes patients. There was no language restriction. We extracted and combined data
from studies comparison that reported safety profile and weight change. A random effect,
meta-analytic model was applied to all calculations. Cochrane collaboration tool was used
to assess quality and bias of the included studies. Trial registered with PROSPERO
(CRD42017075823).

Findings: Out of 1472 articles identified in our search and screened for eligibility, 36 studies
comparing DPP-4 inhibitors and sulfonylureas were identified. DPP-4 inhibitors in combina-
tion with metformin had less overall adverse events (RR: 0-90; 95% CI, 0-86-0-94; p < 0-0001;
12=83%; 17 studies), cardiovascular events (RR: 0-54; 95% CI, 0-37-0-79; p = 0-002; 12=0%; 6
studies), hypoglycemia (RR: 0-17; 95% CI, 0-13-0-22; p < 0-00001; I? = 76%; 17 studies) and sev-
ere hypoglycemic events (RR: 0-10; 95% CI, 0-05-0-19; p < 0-00001; I? = 0%; 12 studies). The
mean difference of the weight change was 1-92 kg in favor of DPP-4 inhibitors in combina-
tion with metformin in relation to sulfonylureas in combination with metformin.
Monotherapy with DPP-4 inhibitors also had less rates of hypoglycemia (RR: 0-31; 95% CI,
0-24-0-41; p < 0-00001; 1> = 0%; 8 studies) and severe hypoglycemic events (RR: 0-26; 95%
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CI, 0-10-0-66; p = 0-004; I? = 0%; 8 studies) and patients did not gain 1-19 kg.
Interpretation: These results suggest better safety profile for DPP-4 inhibitors than sulfony-

lureas for both comparisons, and it is more notable when the treatment regimen includes

metformin.

Funding: This study was funded by Takeda Pharmaceuticals, Brazil.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Type 2 diabetes mellitus (T2DM) is a chronic and progressive
disease characterized by insulin resistance and relative insu-
lin deficiency [1]. The diagnosis can occur at any age but it is
often made with onset of symptoms or during a routine
check-up. Treatment goals are to thwart microvascular and
macrovascular complications as well as metabolic dysfunc-
tions and diminish symptoms. Near normal levels of glucose
are an ideal aim.

Since its introduction in the 1950s, metformin has become
the first-line pharmacotherapy, along with lifestyle changes
for most DM patients [2]. The American College of Physicians,
American Association of Clinical Endocrinologists, and Amer-
ican College of Endocrinology recommend that, when glyce-
mic control is not achieved with metformin and lifestyle
intervention, a second drug should be added to the treatment
[3,4]. Among these second-line drugs are sulfonylureas,
dipeptidyl peptidase-4 (DPP-4) inhibitors, thiazolidinediones,
glucagon-like peptide-1 receptor agonist, and sodium-
glucose cotransporter 2 inhibitors [5-9]. The DPP-4 inhibitors
are relatively new when compared to sulfonylureas, and have
become widely used due to their low risk to hypoglycemia
and neutral effect on body weight [2,10]. Also, the timing of
the glucose-lowering effect is different between them, with
a more rapid and potent initial action, but less sustained
glucose-lowering efficacy of sulfonylureas compared to DPP-
4 inhibitors [11,12].

Considering the broad use of these two classes of drugs
and that generally they are considered equally efficient at aid-
ing glycemic control, we performed a systematic review fol-
lowed by meta-analysis focusing on safety and tolerability
parameters comparing DPP-4 inhibitors and sulfonylureas
monotherapy or dual therapy with metformin [7,13,14].

2. Methods

We conducted the systematic review and meta-analysis in
accordance with recommendations from Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. The study protocol was registered with PROSPERO
(CRD42017075823)[15].

2.1. Search strategy

We performed a computerized search of The United States
National Library of Medicine and National Institutes of Health
(PUBMED) and Excerpta Medica dataBASE (EMBASE) for rele-
vant papers from inception until July 2017. The following key-

words were used in the search strategy: “Sulfonylurea”,
“Dipeptidyl peptidase-4 inhibitors”, “adverse events”, and
“safety” (see Appendix 1 for search strategy details).

2.2.  Study selection

Both reviewers independently (DF and MCMF) screened title
and abstracts and sequentially reviewed full-text articles of
the selected eligible studies. Disagreements were resolved
by joint review and consensus.

Included studies met the following criteria: (1) comparing
sulfonylureas versus DPP-4 inhibitors; (2) adult patients with
T2DM,; (3) reported adverse events; (4) randomized controlled
trial (RCT). Only studies published as full articles were
included. There was no language restriction. Duplicate publi-
cations, abstracts, case reports, letters to the editor, surveys,
and review articles were excluded, although a manual search
for the references was performed in the last type of studies.

Study quality and bias were evaluated using the Cochrane
collaboration tool [16].

2.3.  Outcomes of interest

The meta-analytic outcomes of interest were overall adverse
events, dizziness, headache, fatigue or asthenia, cardiovascu-
lar events, pancreatitis, nausea, abnormal hepatic function,
diarrhea, infections, cough, nasopharyngitis, hypoglycemia,
severe hypoglycemia, weight change, and mortality. All the
above-mentioned adverse events were characterized as num-
ber of patients that reported such adverse event during the
study. Weight change was computerized as the difference
between the beginning of treatment and the end of the study.

2.4.  Data extraction, synthesis, and statistical analysis

Two reviewers (DF and MCMF) using a standardized form
independently of extracted data. Discrepancies were resolved
through consensus. To combine results across studies, we
applied a random-effects meta-analytic model using the
inverse variance in all calculations. We used the Review Man-
ager statistical software (Review Manager version 5-3) from
the Cochrane Collaboration to combine results across studies.
The dichotomic results are expressed as risk ratio (RR) and
weight change is expressed as mean difference, both, with
95% confidence intervals (CIs). Heterogeneity was evaluated
using Q test (x? test) and I? test. To detect potential publication
bias, we used funnel plots [12].

Analysis was performed in two parts: the studied drugs in
monotherapy, and in combination with metformin.
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2.5. Role of funding source

The study funder had no role in the study design, data collec-
tion, data analysis, data interpretation, or writing of the
report. The corresponding author had full access to all the
data in the study and had all the responsibility for the deci-
sion to submit to publication.

3. Results

A total of 1472 potentially eligible studies were identified, of
which 1115 were excluded after reviewing titles and abstracts,

leaving 152 studies for a full-text evaluation. In total, 36 stud-
ies were included in the meta-analysis. Among these 36 stud-
ies, 13 studies compared DPP-4 inhibitors and sulfonylureas
in monotherapy, and 23 studies were in combination with
metformin (Fig. 1).

The studies included in the analyses without metformin
present high risk when blinding participants and personnel
and, we also had unclear risk of bias in blinding of outcome
assessment, according to Cochrane Collaboration tool. For
the analyses with metformin, we had high risk of bias in
other potential threats to validity and unclear risk of bias in
blinding of outcome assessment (Appendix 2).
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Scientific Abstract n=3
Outcome not specified n=4
Studies included in Type of study n=33
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Fig. 1 - Flowchart of literature search results.



Table 1 - Characteristics of the included studies in monotherapy.

0Ss

Study ClinTrial.gov Drug and Dose Drug and Dose n (Male/Female)  Age (years) Outcome measure Follow-up time  Population
Reference dipeptidyl peptidase-4 Sulfonylurea
inhibitor
Vianna et al. [17] NCT01679899 Vildagliptin Gliclazide MR 0/56 >40 Mortality 12 months Post-menopause
Brazil 50 mg orally twice daily 120 mg orally once daily CV events women
Terauchi et al. NCT01183104 Sitagliptin Glimepiride 0.5 mgorally ~ 153/119 >60 Overall AE 104 weeks Japanese
[18] 50 mg orally once daily once daily Nasopharyngitis
START-] trial Mortality
Japan Abnormal hepatic
function
Infections
Diarrhea
Weight change
Hypoglycemia
Dei Cas et al. NCT01822548 Vildagliptin 100 mg Glibenclamide 43/21 >35 Hypoglycemia 12 months -
[19] orally twice daily 2.5 mg to a maximal Severe
Italy dose of 5 mg twice daily hypoglycemia
Park et al. [20] NCT01890629 Gemigliptin 50 mg orally  Glimepiride 48/18 20-70 Overall AE 12 weeks -
STABLE study or Sitagliptin 100 mg 2 mg orally Hypoglycemia
group orally
South Korea
Tahara et al. [21] NCT02528019 Anagliptin 100 to 200mg  Glimepiride 0.5 to 4 mg 33/17 30-90 Weight change 6 months -
Japan orally twice a day orally once daily
Kondo et al. [22] NR Sitagliptin Glimepiride 0.25 to 98/35 <80 Hypoglycemia 52 weeks Japanese
Japan 25 to 100 mg orally once 1.0 mg orally once daily Severe
daily hypoglycemia
Abnormal hepatic
function
Hartley et al. [S] ~ NCT01189890 Sitagliptin 100 mg orally ~ Glimepiride 170/218 >65 and <85  Overall AE 30 weeks Elderly patients
Switzerland once daily or 50 mg Pancreatitis
orally once daily 1 mg orally, up-titrate as Weight change
needed up Hypoglycemia
to maximum dose of Severe
6 mg once daily hypoglycemia
Mortality
Tamez-Perez NR Sitagliptin 100 mg orally  Glimepiride Not reported 18-70 Overall AE 24 weeks -
etal. [7] once daily 2 mg orally, up-titrate to Hypoglycemia
SUMER trial maximum Severe
Mexico dose of 6 mg once daily hypoglycemia
Mortality
Shimoda et al. NR Sitagliptin Glimepiride 31/19 >20 Hypoglycemia 16 weeks Japanese
[23] 50 mg orally once daily Severe
Japan 0.5 to 2 mg orally once hypoglycemia

daily
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Table 1 - (Continued)

Study ClinTrial.gov

Drug and Dose

Drug and Dose

n (Male/Female)

Age (years)

Outcome measure

Follow-up time

Population

Reference dipeptidyl peptidase-4 Sulfonylurea
inhibitor
Rosenstock etal.  NCT 00707993 Alogliptin Glipizide 198/243 65-90 Overall AE 12 months Elderly patients
[24] 25 mg orally once daily 5 mg titrated to 10 mg Pancreatitis
USA orally once daily Weight change
Hypoglycemia
Severe
hypoglycemia
Headache
Dizziness
Mortality
CV events
Arjona Ferreira NCTO00509236 Sitagliptin Glipizide 77/52 >30 Overall AE 54 weeks Patients at end stage
et al. [25] 25 mg orally once daily 2.5 mg orally daily and Cough renal disease
USA titrated up Weight change
to a potential maximum Hypoglycemia
dose Severe
of 10 mg twice daily hypoglycemia
Headache
Infections
Diarrhea
Mortality
CV events
Arjona Ferreira NCTO00509262 Sitagliptin Glipizide 158/119 > 30 Overall AE 54 weeks Patients with renal
et al. [26] 25 mg or 50 mg orally 2.5 mg orally daily and Weight change insufficient
France once daily titrated up to a potential Hypoglycemia
maximum dose of 10 mg Severe
twice daily hypoglycemia
Dizziness
Infections
Diarrhea
Mortality
CV events
Foley et al. [27] NCT00102388 Vildagliptin 50 mg orally ~ Gliclazide 609/483 > 18 Fatigue/asthenia 2 years =
USA twice daily up to 320 mg orally once Nasopharyngitis
daily Weight change
Hypoglycemia
Headache
Diarrhea

NR = Not registered.
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DPP-4 inhibitors  Sulfonylureas Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Rand 95% ClI IV, Random, 95% CI
Arjona Ferreira et al, 2013(a) 53 64 52 65 16.6% 1.04[0.88, 1.22] ——
Arjona Ferreira et al, 2013(b) 143 210 153 212 29.0% 0.94 [0.83, 1.07] ——
Hartley et al, 2015 118 241 115 239 13.3% 1.02 [0.85, 1.22] e
Park et al, 2017 12 47 7 22 0.7%  0.80[0.37, 1.76]
Rosenstock et al, 2013 163 222 151 219 31.9% 1.06 [0.95, 1.20] T
Tamez-Perez et al, 2014 60 200 66 200 5.4% 0.91[0.68, 1.21) —_—1
Terauchi, 2017 46 148 34 143 3.1%  1.31[0.89, 1.91] —_1
Total (95% CI) 1132 1100 100.0% 1.01 [0.95, 1.08]
Total events 595 578

05 0.7 1 15 2
Favours DPP-4 inhibitors Favours Sulfonylureas

Heterogeneity. Tau? = 0.00; Chi2 = 4.61, df = 6 (P = 0.60); I> = 0%
Test for overall effect: Z = 0.38 (P = 0.71)

Fig. 2 - Forest plot of comparison between DPP-4 inhibitors versus sulfonylureas for overall adverse events.

DPP-4 inhibitors  Sulfonylureas Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Rand 95% ClI IV, Random, 95% CI
Arjona Ferreira et al, 2013(a) 4 64 6 65 47.1% 0.68(0.20, 2.29] =
Arjona Ferreira et al, 2013(b) 3 210 7 212 39.0% 0.43 [0.11, 1.65] L
Hartley et al, 2015 0 241 0 239 Not estimable
Rosenstock et al, 2013 0 222 0 219 Not estimable
Tamez-Perez et al, 2014 0 200 0 200 Not estimable
Terauchi, 2017 0 148 1 143 6.9% 0.32[0.01, 7.84] ¢
Vianna et al, 2017 0 21 1 21 7.1%  0.33[0.01, 7.74] ¢
Total (95% CI) 1106 1099 100.0% 0.51 [0.22, 1.19] e R
Total events Fe 15
Heterogeneity. Tau? = 0.00; Chi2 = 0.42, df = 3 (P = 0.94); I? = 0% I + t : : {
0.1 02 0.5 1 2 [ 10
Test for overall effect: Z = 1.56 (P = 0.12) Favours DPP-4 inhibitors Favours Sulfonylureas
Fig. 3 - Forest plot of comparison between DPP-4 inhibitors versus sulfonylureas for mortality.
DPP-4 inhibitors  Sulfonylureas Risk Ratio Risk Ratio
A) Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arjona Ferreira et al, 2013(a) 4 64 7 65 4.9% 0.58(0.18, 1.89)
Arjona Ferreira et al, 2013(b) 13 210 36 212 185% 0.36(0.20, 0.67) ———
Dei Cas et al, 2017 0 40 S 24 0.8% 0.06(0.00, 0.96] ¢
Foley et al, 2009 4 546 14 546 5.6% 0.29(0.09,0.86) ¢
Kondo et al, 2016 0 65 1 68 0.7% 0.35(0.01,8.40] ¢
Rosenstock et al, 2013 12 222 57 219 19.2% 0.21(0.11,0.38) —*—
Tamez-Perez et al, 2014 25 200 71 200 40.1%  0.35(0.23, 0.53]) e
Terauchi, 2017 7 148 23 143 10.2% 0.29(0.13, 0.66) _—
Total (95% CI) 1495 1477 100.0% 0.31 [0.24, 0.41) B
Total events 65 214
Heterogeneity: Tau? = 0.00; Chi* = 4.91, 6l = 7 (P = 0.67); I’ = 0% 0 1 0:2 O:S 1 2 5 10:
Test for overall effect: Z = 8.73 (P < 0.00001) " Favours DPP-4 inhibitors Favours Sulfonylureas
B) DPP-4 inhibitors  Sulfonylureas Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Arjona Ferreira et al, 2013(a) 0 64 S 65 102% 0.09(0.01, 1.64] ¢
Arjona Ferreira et al, 2013(b) 3 210 6 212 44.8% 0.50(0.13, 1.99] o
Dei Cas et al, 2017 0 40 1 24 84% 0.20(0.01,4.80] ¢
Hartley et al, 2015 | 241 3 239 16.6% 0.33(0.03, 3.16] ¢
Kondo et al, 2016 0 65 0 68 Not estimable
Rosenstock et al, 2013 0 222 3 219  9.6% 0.14[0.01,2.71) ¢
Shimoda et al, 2013 0 25 0 25 Not estimable
Tamez-Perez et al, 2014 0 200 7 200 10.3%  0.07 [0.00, 1.16) +
Total (95% CI) 1067 1052 100.0% 0.26 [0.10, 0.66] o
Total events 4 25
Heterogeneity: Tau? = 0.00; Chi® = 2.50,0f =5 (P = 0.78); I’ = 0% 5005 012 1 5 20:

Test for overall effect: Z = 2.85 (P = 0.004) Favours DPP-4 inhibitors Favours Sulfonylureas

Fig. 4 - Forest plot of comparison between DPP-4 inhibitors versus sulfonylureas for hypoglycemia and severe hypoglycemia.
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DPP-4 inhibitors Sulfonylureas

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI

Arjona Ferreira et al, 2013(a) -0.2 0.625 64 0.8 0.65 65 18.9% -1.00([-1.22, -0.78] ——

Arjona Ferreira et al, 2013(b) -0.6 057 210 1.2 0.6 212 20.2% -1.80([-1.91, -1.69] -

Foley et al, 2009 0.8 02 546 16 02 546 20.7% -0.80[-0.82, -0.78] =

Rosenstock et al, 2013 -0.62 0.227 222 0.6 0.233 219 20.6% -1.22[-1.26, -1.18] -

Tahara et al., 2016 -05 03 26 06 03 24 19.6% -1.10[-1.27, -0.93] —-—

Total (95% CI) 1068 1066 100.0% -1.19 [-1.51, -0.86) B

Heterogeneity. Tau? = 0.13; ChiZ = 528.16, df = 4 (P < 0.00001); I* = 99% _:2 :1 5 i 2‘

Test for overall effect: Z = 7.22 (P < 0.00001)

Favours DPP-4 inhibitors Favours Sulfonylureas

Fig. 5 - Forest plot of comparison between DPP-4 inhibitors versus sulfonylureas for weight change.

Based on visual inspection of funnel plot, there was no evi-
dence of publication bias in the comparison with metformin
(Appendix 3).
inhibitors  and

3.1. Comparison between DPP-4

sulfonylureas in monotherapy

There were 13 studies included with a total of 3621 adult
patients, 1832 patients in the DPP-4 inhibitors group and
1789 patients in the sulfonylureas group [5,7,17-27]. The char-
acteristics of the included studies are described in Table 1.

There was no significant difference between groups for
overall adverse events and mortality (Figs. 2 and 3). There
were also no significant difference for dizziness (RR: 0-49;
95% CI, 0-21-1-14; p = 0-10; I = 8%), headache (RR: 1-14; 95%
CI, 0-74-1.74; p=0-55; Iz=3%), abnormal hepatic function
(RR: 1-38; 95% CI, 0-30-6-35; p =0-68; 12=4%), diarrhea (RR:
0-99; 95% CI, 0-66-1-47; p = 0-94; I = 0%), infections (RR: 1-24;
95% CI, 0-56-2-72; p = 0-59; I? = 75%) and nasopharyngitis (RR:
1-15; 95% CI, 0-77-1-71; p = 0-50; 2= 0%) between treatments
(Appendix 4).

The publication by Arjona Ferreira et al. (2013,) was the
only one to describe cardiovascular events [25]. They reported
no significant difference between treatments, and the inci-
dence of cardiovascular events was 4% and 5% for DPP-4 inhi-
bitors and sulfonylureas group, respectively [25]. Cough was
described by Arjona Ferreira et al. (2013,), and was reported
in more than five percent of the patients, however without
significant difference between treatments [26]. Fatigue or
asthenia was reported only by Foley and colleagues (2009)
and the incidence of fatigue/asthenia in sulfonylureas group
was twice of that reported in DPP-4 inhibitors [27]. Pancreati-
tis and nausea were not reported in any study with
monotherapy.

Patients treated with DPP-4 inhibitors experienced less
hypoglycemia and less severe hypoglycemic events when
compared to patients treated with sulfonylureas (Fig. 4).

The mean difference of the weight change during the
treatment with DPP-4 inhibitors or sulfonylureas was 1-19 kg
in favor of DPP-4 inhibitors (Fig. 5).

3.2.  Comparison Dbetween DPP-4 inhibitors and
sulfonylureas in combination with metformin

A total of 19,356 adult patients, 10,146 patients on DPP-4 inhi-
bitors in combination with metformin group and 9210
patients on sulfonylureas in combination with metformin

group were included from 23 RCT [10,13,14,28-47]. The char-
acteristics of the included studies are described in Table 2.

The risks of overall adverse events and cardiovascular
events in patients treated with DPP-4 inhibitors in combina-
tion with metformin were statistically lower when compared
to those treated with sulfonylureas in combination with met-
formin (Figs. 6 and 7). On the other hand, less patients had
infections when treated with sulfonylureas in combination
with metformin when compared to DPP-4 inhibitors in com-
bination with metformin [p = 0.04] (Fig. 8).

There was no significant difference between groups for
mortality (RR: 0-83; 95% CI, 0-49-1-41; p = 0-49; 2= 0%), head-
ache (RR: 0-80; 95% CI, 0-57-1.13; p = 0-20; I?> = 77%), fatigue or
asthenia (RR: 0-78; 95% CI, 0-52-1-17; p = 0-23; I? = 84%), pan-
creatitis (RR: 0-42; 95% CI, 0-08-2-17; p = 0-30; 2 = 6%), nausea
(RR: 0-98; 95% CI, 0-76-1-25; p =0-85; 2= 40%), cough (RR:
1.07; 95% CI, 0.78-1-46; p = 0-69; 1 = 44%), abnormal hepatic
function (RR: 1-72; 95% CI, 0-22-13-22; p = 0-60; I? = 41%), diar-
rhea (RR: 1.00; 95% CI, 0-75-1-33; p = 0-99; I? = 65%), dizziness
(RR: 0-71; 95% CI, 0-49-1.03; p = 0-07; I? = 77%) and nasopharyn-
gitis (RR: 0-93; 95% CI, 0-80-1.08; p = 0-34; I? = 64%) between
groups (Appendix 5).

Patients treated with DPP-4 inhibitors in combination with
metformin had 83% less risk of a hypoglycemic event and 90%
less risk of a severe hypoglycemia when compared to sulfony-
lureas in combination with metformin (Fig. 9).

The mean difference of the weight change during the
treatment with DPP-4 inhibitors in combination with met-
formin or sulfonylureas in combination with metformin was
1.92 kg in favor of DPP-4 inhibitors in combination with met-
formin (Fig. 10).

4, Discussion

The efficacy of these two anti-hyperglycemic drug classes
(DPP-4 inhibitors and sulfonylureas) that are recommended
as second-line treatment for T2DM when monotherapy and
lifestyle interventions are insufficient is similar, therefore
safety becomes an even more important differential [2]. This
study refers to the safety and tolerability profile. Our meta-
analysis, composed by RCTs only, showed some important
safety results for T2DM patients, regarding hypoglycemic
events, cardiovascular events, weight change, and overall
adverse events, even though in some other adverse events
there were no difference among treatments. These results
were more evident when the treatment is combined with
metformin, suggesting safer clinical effects.



Table 2 — Characteristics of the included studies in combination with metformin.

Study

ClinlTrial.gov Reference Drug and Dose DPP-4

inhibitor

Drug and Dose Sulfonylurea

n (M/F) Age (years) Outcome measure

Follow-up time

Population

Hissa et al. [47]
Brazil

Forst et al. [28]
Germany

Arechavaleta et al.

[29]
USA

Nauck et al. [30]
Germany

Handelsman et al.
[14]
USA

Jax et al. [10]
Germany

Kim et al. [31]
Korea

NR

NCTO01565096

NCT00701090

NCTO00094770

NCT00094770

NCT01703286

NCTO00993187

Vildagliptin 100 mg
orally twice daily
Linagliptin

5 mg orally once daily

Sitagliptin 100 mg orally

daily

Sitagliptin 100 mg orally

twice daily

Omarigliptin 25 mg
orally once weekly

Linagliptin
5 mg orally daily

Sitagliptin

50 mg orally twice daily

Gliclazide

120 mg orally once daily
Glimepiride individually titrated
in the range of 1-4 mg orally once
daily

Glimepiride

1 mg orally daily could be up-
titrated to a maximum dose of
6 mg daily

Glipizide
5 mg orally once day up-titrated
to a maximum of 20 mg daily

Glimepiride up to 6 mg
orally once daily

Glimepiride
1 mg orally titrated to a
maximum of 4 mg daily

Glimeripide
1 mg orally titrated up to 6 mg
once daily

18/18 18-70
27/12 45-75
563/472 > 8

694/478 18-78

414/337 >18

28/14 18-70

165/127 >18

Weight change

Overall AE
Weight change
Severe hypoglycemia
Overall AE
Nasopharyngitis
Weight change
Hypoglycemia
Severe hypoglycemia
Mortality

Overall AE
Fatigue/asthenia
Nasopharyngitis
Weight change
Hypoglycemia
Dizziness
Infections
Mortality

CV events
Diarrhea

Overall AE
Pancreatitis
Cough

Weight change
Diarrhea

Nausea
Abnormal hepatic
function
Nasopharyngitis
Hypoglycemia
Severe hypoglycemia
Infections
Headache
Mortality

Overall AE
Hypoglycemia
Severe hypoglycemia
Mortality

Overall AE
Nasopharyngitis
Weight change
Diarrhea

Nausea
Hypoglycemia
Mortality
Infections
Dizziness

16 weeks

12 weeks

30 weeks

52 weeks

54 weeks

4 weeks

30 weeks

14
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Table 2 — (Continued)

Study ClinlTrial.gov Reference Drug and Dose DPP-4 Drug and Dose Sulfonylurea n (M/F) Age (years) Outcome measure Follow-up time Population
inhibitor
Amblee et al. [32] NCT01267448 Saxagliptin Glipizide XL 10 mg orally daily 81/19  >18 Hypoglycemia 12 weeks Severe
USA 5 mg orally daily Severe hypoglycemia hypoglycemic
patients
Schernthaner et al. NCT01006603 Saxagliptin Glimepiride 445/275 >65 Overall AE 52 weeks Elderly patients
[33] 5 mg orally daily 1 mg orally titrated to a Cough
GENERATION trial maximum of 6 mg daily Pancreatitis
Austria Weight change
Nasopharyngitis
Hypoglycemia
Severe hypoglycemia
Dizziness
Headache
Diarrhea
Infections
Mortality
Del Prato et al. [36] NCT00856284 Alogliptin 12.5 mg or Glipizide 1312/  18-80 Overall AE 104 weeks -
Italy 25 mg orally once daily 5 mg orally titrated to a 1327 Nasopharyngitis
maximum of 20 mg once daily Pancreatitis
Hypoglycemia
Severe hypoglycemia
Headache
Infections
Mortality
Diarrhea
Derosa et al. [34] NR Vildagliptin 50 mg orally Glimepiride 82/85 >18 Weight change 6 mo =
Italy twice a day 2 mg orally three times a day Hypoglycemia
He et al. [35] NR Vildagliptin 50 mg orally Glimepiride 19/5 18-70 Overall AE 30 days -
USA twice daily 2 mg orally once daily Hypoglycemia
Mortality
Goke et al. [37] NCT00575588 Saxagliptin Glipizide 444/412 >18 Overall AE 104 weeks -
Sweden 5 mg orally daily 5 mg orally titrated up to 20 mg Hypoglycemia
once daily Infections
Extension of Goke Mortality
et al. [38] Diarrhea
Abnormal hepatic function
Nasopharyngitis
Berndt-Zipfel et al. NR Vildagliptin 50 mg orally Glimepiride 0.5 mg orally titrated 28/16  30-80 Severe hypoglycemia 24 weeks -
[39] twice a day up to 4 mg once daily Infections
Germany
Derosa et al. [40] NR Sitagliptin 100 mg orally Glibenclamide 5 mg orally three 220/225 >18 Nasopharyngitis 1year =
Italy once a day times a day Headache
Hypoglycemia
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Table 2 - (Continued)

Drug and Dose Sulfonylurea n (M/F) Age (years) Outcome measure

Study

ClinlTrial.gov Reference Drug and Dose DPP-4

inhibitor

Follow-up time Population

Gallwitz et al. [41]
Germany

Jeon et al., 201[42]
Korea

Goke et al. [38]
Germany

Matthews et al. [43]
United Kingdom

Filozof C & Gautier
JF [13]
France

Seck et al. [44]
USA

NCT00622284

NR

NR

NR

NR

NCTO00094770

Linagliptin
5 mg orally once daily

Vildagliptin 50 mg orally

twice daily

Saxagliptin
5 mg orally daily

Vildagliptin 50 mg orally

twice a day

Vildagliptin 50 mg orally

twice daily

Sitagliptin 100 mg orally

once daily

Glimepiride 933/618 18-80
1 mg orally titrated up to 4 mg

once daily

Glimepiride 66/36 <80
2 mg orally twice daily

Glipizide 444/414 >18
5 mg orally titrated up to 20 mg

once daily

Glimepiride 1667/  18-73
2 mg orally titrated up to 6 mg 1451

daily

Gliclazide
80 mg orally once daily

524/483 18-78

Glipizide 303/201 18-78
5 mg orally titrated to a
maximum of 20 mg daily

Overall AE Nasopharyngitis

Cough

Pancreatitis

Weight change
Hypoglycemia

Severe hypoglycemia
Headache

Dizziness

Mortality
Cardiovascular events
Infections

Diarrhea

Weight change
Hypoglycemia

Severe hypoglycemia
Overall AE

Nausea

Diarrhea

Severe Hypoglycemia
Pancreatitis

Overall AE

Fatigue or asthenia
Nasopharyngitis
Cough

Mortality

Weight change
Headache

Dizziness

Infections

Nausea
Hypoglycemia
Severe hypoglycemia
Overall AE

Fatigue or asthenia
Nasopharyngitis
Weight change
Diarrhea

Mortality

Headache
Cardiovascular events
Overall AE

Fatigue or asthenia
Cough

Weight change
Nasopharyngitis
Hypoglycemia
Infections

Dizziness

Mortality
Cardiovascular events

24 mo -

32 weeks -

52 weeks -

24 mo -

52 weeks -

24 mo -

9s
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One of the most important adverse events experienced by
diabetic patients is hypoglycemia. Hypoglycemia is related
with poor clinical outcomes and increased mortality in older
adults [48]. Consequently, minimizing the risk of hypo-
glycemia is very significant for a better clinical outcome and
safety of the patient [10]. Our meta-analysis showed a signif-
icant reduction of hypoglycemia and severe hypoglycemic
events in diabetic patients taking DPP-4 inhibitors in both
comparisons with sulfonylureas, being more pronounced in
combination with metformin. Several authors have stated
that DPP-4 inhibitors cause less episodes of hypoglycemia
when compared to sulfonylureas, independently of the com-
bination or not with metformin [6,49,50]. In a specific popula-
tion, Loh et al. (2016) compared both drugs during Ramadan
period and also observed reduction of the risk of hypo-
glycemia and severe hypoglycemia in those patients [51]. A
narrative review stated that sulfonylureas cause more hypo-
glycemia in T2DM patients and advised that both dose titra-
tion and dose timing, such as taking with meals, are
important. Furthermore, it stated that sulfonylureas are not
suitable for all patients and they should not be recommended
to patients when there is an increased risk of hypoglycemia or
to patients that may need special attention to minimize that
risk, such as the elderly [2]. Colagiuri et al. (2018) state that
the risk of hypoglycemia is significantly less with glipizide
and gliclazide, therefore we performed a subanalysis only
with studies with glipizide and gliclazide as intervention
and still the risk of hypoglycemia was lower for DPP-4i with-
out and with metformin combined (RR: 0-30; 95% CI, 0-20-0-44;
p < 0-00001; I2=3%; RR: 0-13; 95% CI, 0-09-0-18; p < 0-00001;
I? = 67%, respectively)[52].

Both comparisons showed no weight gain in the patients
taking DPP-4 inhibitors compared to those on sulfonylureas.
This effect was more accentuated when metformin was com-
bined. In fact, Azimova et al. (2014) reported that sulfony-
lureas combined with metformin are responsible for 2.06 kg
mean weight gain when compared to placebo and metformin,
and that with DPP-4 inhibitors there is no weight gain, except
a study of saxagliptin that showed 0-4 kg weight loss [53]. Dea-
con et al. (2016) stated that DPP-4 inhibitors are weight neu-
tral [2]. On the other hand, three meta-analyses of RCTs
comparing DPP-4 inhibitors and sulfonylureas showed what
the authors interpreted as a reduction of 1.94kg, 1.62 kg,
and 1-82 kg, favoring DPP-4 inhibitors, respectively [6,49,50].
However, in our meta-analysis, when the groups were ana-
lyzed separately, the results indicated that there was more
of a weight gain in the sulfonylurea group than a weight loss
in the DPP-4 inhibitors group. In this respect, DPP-4 inhibitors
seem to be a better fit for overweight T2DM patients.

Although some authors consider the cardiovascular safety
of sulfonylureas topic for ongoing debate, in our meta-
analysis of RCTs, the risk of cardiovascular events was statis-
tically lower for DPP-4 inhibitors plus metformin when com-
pared to sulfonylureas plus metformin [54]. Two reviews state
that DPP-4 inhibitors may have cardiovascular protective
effects in DM patients, however, both cited observational
studies or RCT comparing DPP-4 inhibitors to placebo or ver-
sus all therapeutic anti-hyperglycemic classes as control
[53,55]. Yousefzadeh et al. (2013) and Scheen et al. (2013) listed
that DPP-4 inhibitors may have some positive secondary

Follow-up time Population

52 weeks
24 weeks

Fatigue or asthenia
Nasopharyngitis
Cardiovascular events
Nausea

Outcome measure
Weight change

Hypoglycemia
Weight change

Overall AE
Headache
Dizziness
Mortality
Diarrhea
Overall AE

194/150 Not reported Hypoglycemia

Age (years)

18-73

n (M/F)
1490/
1299

Drug and Dose Sulfonylurea
2 mg orally titrated to a

maximum of
6 mg daily
increasing by 50%)

Vildagliptin 50 mg orally Glimepiride or Gliclazide (dose-

Vildagliptin 50 mg orally Glimepiride
twice daily

inhibitor
twice daily

ClinlTrial.gov Reference Drug and Dose DPP-4

NCTO00106340
NCTO01099137

Not Registered.

Ferrannini et al. [45]

Study

France

Hong et al. [46]
VISUAL study
South Korea

NR
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DPP-4 inhibitors  Sulfonylureas Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Arechavaleta et al, 2010 244 516 291 518 6.4% 0.84 [0.75, 0.95] —
Del Prato et al.,, 2014 1390 1751 676 869 9.5% 1.02 [0.98, 1.07] ™
Ferrannini et al., 2009 1035 1389 1121 1383 9.6% 0.92 [0.88, 0.96] -
Filosof et al.,, 2010 315 510 302 493 7.3% 1.01[0.91, 1.11) -1
Forst et al, 2014 10 19 14 20 0.8%  0.75[0.45, 1.26] —_— T
Gallwitz et al,, 2012 663 776 706 7S 9.7% 0.94 [0.90, 0.97] -
Gike et al,, 2013 287 428 312 430 7.7%  0.92[0.85, 1.01] —
Handelsman et al., 2017 205 375 231 375 6.2% 0.89[0.79, 1.00] —
He et al, 2013 4 12 g 12 0.3% 0.50[0.20, 1.22]
Hong et al, 2015 36 172 53 172 1.5% 0.68 [0.47, 0.98]
Jax etal, 2017 11 40 25 41 0.7% 0.45 [0.26, 0.79]
Jeon et al, 2011 5 S1 10 Sl 0.2% 0.50[0.18, 1.36] ¢
Kim et al,, 2016 88 146 101 144 4.6% 0.86 [0.73, 1.02] ——
Matthews et al., 2010 1291 1553 1335 1546 9.9%  0.96[0.93, 0.99] =
Nauck et al.,, 2007 413 588 444 584 8.5% 0.94 [0.88, 1.00] =
Schernthaner et al.,, 2015 234 359 338 359 8.1%  0.69(0.64, 0.75] ==
Seck et al, 2010 452 588 480 584 9.0% 0.94 [0.88, 0.99] =1
Total (95% CI) 9273 8356 100.0% 0.90 [0.86, 0.94] ¢
Total events 6689 6447
Heterogeneity, Tau? = 0.01; Chi® = 95.20, df = 16 (P < 0.00001); I* = 83% :0 > 0:5 ﬁ S:

Test for overall effect: 2 = 4.26 (P < 0.0001)

Favours DPP-4 inhibitors Favours Sulfonylureas

Fig. 6 - Forest plot of comparison between DPP-4 inhibitors versus sulfonylureas as add on to metformin for overall adverse

events.
DPP-4 inhibitors  Sulfonylureas Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Ferrannini et al., 2009 12 1389 22 1383 30.3% 0.54 [0.27, 1.09] —_—
Filosof et al., 2010 7 510 12 493 17.4% 0.56[0.22, 1.42]
Gallwitz et al., 2012 12 776 26 775 32.3% 0.46 [0.23, 0.91] —_—
Goke et al.,, 2010 8 428 9 430 16.7% 0.89[0.35, 2.29]
Nauck et al., 2007 0 588 3 584 1.7% 0.14 [0.01, 2.74] +
Seck et al,, 2010 0 588 3 585 1.7% 0.14 [0.01, 2.75] ¢
Total (95% CI) 4279 4250 100.0% 0.54 [0.37, 0.79] e
Total events 39 75
Heterogeneity. Tau? = 0.00; Chi? = 2.88, df = 5 (P = 0.72); I = 0% '0 1 0%2 025 ] i % 101

Test for overall effect: Z = 3.15 (P = 0.002)

Favours DPP-4 inhibitors Favours Sulfonylureas

Fig. 7 - Forest plot of comparison between DPP-4 inhibitors versus sulfonylureas as add on to metformin for cardiovascular

events.
DPP-4 inhibitors  Sulfonylureas Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Berndt-Zipfel et al., 2013 4 22 4 22 1.1% 1.00 [0.29, 3.50]
Del Prato et al.,, 2014 176 1751 76 869 16.8% 1.15 [0.89, 1.49] I
Gallwitz et al., 2012 112 776 111 775 18.0% 1.01[0.79, 1.28) —_—
Goke et al.,, 2013 26 428 16 430 4.3% 1.63 [0.89, 3.00] e
Handelsman et al., 2017 25 375 22 375 5.1% 1.14 [0.65, 1.98]) e
Kim et al., 2016 31 146 32 144 7.7% 0.96 [0.62, 1.48] —
Matthews et al.,, 2010 102 1553 80 1546 14.8% 1.27 [0.96, 1.69] T
Nauck et al., 2007 S1 588 27 584 7.3% 1.88[1.19, 2.95]) ——
Schernthaner et al., 2015 23 359 33 359 5.9% 0.70[0.42, 1.16) _—
Seck et al., 2010 125 588 106 584 19.0% 1.17 [0.93, 1.48) T
Total (95% CI) 6586 5688 100.0% 1.15 [1.01, 1.31] <
Total events 675 507

i & w . r - i - 12 = I I I 1
Heterogeneity. Tau‘ = 0.01; Chi‘ = 11.81, df = 9 (P = 0.22); I° = 24% o3 3 1 3 5

Test for overall effect: Z = 2.04 (P = 0.04)

Favours DPP;-4 inhibitors Favours Sulfonylureas

Fig. 8 - Forest plot of comparison between DPP-4 inhibitors versus sulfonylureas as add on to metformin for infections.

effects such as, reduce blood pressure, improve lipid profile
and endothelial dysfunction, decrease the macrophage-
mediated inflammatory response, and prevent myocardial
injury [55,56]. Nevertheless, there is a large retrospective
cohort study from South Korea which indicated a higher inci-
dence of cardiovascular events in patients treated with sul-
fonylureas plus metformin when compared to subjects
treated with DPP-4 inhibitors plus metformin [57]. In fact,
there are three clinical trials that verified cardiovascular
safety and possible benefits of DPP-4 inhibitors [58-60]. The

SAVOR trial, which compared saxagliptin versus placebo,
reported an increased heart failure hospitalization rate in
the saxagliptin group, but no difference due to cardiovascular
death, myocardial infarction, and stroke among treatments
[58]. The EXAMINE trial compared alogliptin versus placebo
and the TECOS trial compared sitagliptin versus placebo, and
both trials showed no difference among treatments related
to cardiovascular death, myocardial infarction, stroke and
hospitalization for unstable angina and all evaluated out-
comes [59,60]. One meta-analysis, with only twelve RCT stud-
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DPP-4 inhibitors  Sulfonylureas Risk Ratio Risk Ratio
A) Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Amblee et al,, 2016 4 50 12 S0 3.7% 0.33 [(0.12, 0.96)
Arechavaleta et al.,, 2010 36 S16 114 518 8.1% 0.32[0.22, 0.45)
Del Prato et al, 2014 34 1751 202 869 8.1% 0.08(0.06,0.12) ——
Derosaet al, 2013 0 222 S 214 0.8% 0.09 [0.00, 1.58]) +—
Derosa et al, 2014 0 83 8 70 0.8%  0.05 [0.00, 0.85) +
Ferrannini et al., 2009 23 1389 224 1383 7.6% 0.10 (0.07, 0.16) S
Gallwitz et al,, 2012 S8 776 280 775 8.7% 0.21(0.16, 0.27) S——
Goke et al, 2013 15 428 165 430 7.0  0.09(0.05, 0.15) ———
Handelsman et al, 2017 21 375 110 375 7.5% 0.19(0.12, 0.30) —_—
Hong et al,, 2015 18 172 32 172 6.8%  0.56(0.33, 0.96) ——
Jax etal, 2017 2 40 16 41 2.5% 0.13(0.03, 0.52) ¥—m——
Jeonet al, 2011 1 S1 10 51 1.4% 0.10([0.01, 0.75]) ¢
Kim et al, 2016 8 146 29 144 $.3% 0.27(0.13,057) ———
Matthews et al, 2010 3 1553 281 1546 8.2%  0.12[0.09, 0.17) —
Nauck et al.,, 2007 29 588 187 584 8.0% 0.15 [0.11, 0.22) —
Schernthaner et al,, 2015 21 359 125 359 7.5% 0.17(0.11, 0.26) Sieiie—
Seck et al,, 2010 31 588 199 584 8.1%  0.15(0.11, 0.22] —
Total (95% CI) 9087 8165 100.0% 0.17 [0.13, 0.22) e =
Total events 336 1999
Heterogeneity. Tau? = 0.19; Chi? = 68.05, df = 16 (P < 0.00001); ¥ = 76% 3005 092 : 201
Test for overall effect: Z = 13.31 (P < 0.00001) Favours DPP-4 inhibitors  Favours Sulfonylureas
DPP-4 inhibitors  Sulfonylureas Risk Ratio Risk Ratio
B) Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI

Amblee et al., 2016 1 50 3 SO 9.1%  0.33(0.04, 3.10]
Arechavaleta et al, 2010 0 S16 0 518 Not estimable
Berndt-Zipfel et al,, 2013 0 22 0 22 Not estimable
Del Prato et al, 2014 1 1751 S 869 9.8% 0.10[0.01, 0.85] ¢
Forst et al, 2014 0 19 0 20 Not estimable
Galiwitz et al,, 2012 1 776 12 775 10.8% 0.08(0.01, 0.64)
Goke et al, 2010 0 428 7 430 SS% 0.07[0.00, 1.17) ¢
Handelsman et al,, 2017 1 375 6 375 10.1% 0.17 (0.02, 1.38)
Jax et al, 2017 0 40 0 41 Not estimable
Jeonetal, 2011 0 51 1 51 4.5% 0.33 [0.01, 8.00] +
Matthews et al, 2010 0 1553 1S 1546 5.7%  0.03 [0.00, 0.54] +
Schernthaner et al., 2015 4 359 5SS 359 446% 0.07(0.03,0.20) —@——
Total (95% CI) 5940 5056 100.0% 0.10 (0.05, 0.19) i
Total events 8 104

& 2 . 't LR 1 " : y
Heterogeneity: Tau? = 0.00; Chi’ = 3.00, df = 7 (P = 0.88); ¥ = 0% 503 o1 1 % S0

Test for overall effect: Z = 6.83 (P < 0.00001)

Favour§ DPP-4 inhibitors Favours Sulfonylureas

Fig. 9 - Forest plot of comparison between DPP-4 inhibitors versus sulfonylureas as add on to metformin for hypoglycemia
and severe hypoglycemia.

DPP-4 inhibitors

Sulfonylureas

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gallwitz et al., 2012 -1.4 0.2 776 13 0.2 775 9.0% -2.70[-2.72, -2.68) 2

Derosa et al., 2014 -15 0.9 83 1.2 0.6 70 8.2% -2.70([-2.94, -2.46) ——

Nauck et al., 2007 -1.5 0.483 588 1.1 0.183 584 9.0% -2.60[-2.64, -2.56] -

Seck et al, 2010 -1.6 0.217 588 0.7 0.217 584 9.0% -2.30[-2.32, -2.28) -

Jeon et al, 2011 0.23 0.69 51 235 1.21 51 7.2% -2.12 [-2.50, -1.74) —_—

Arechavaleta et al., 2010 -0.8 0.1 516 1.2 0.1 518 9.0% -2.00([-2.01, -1.99]

Handelsman et al.,, 2017 -0.4 0.133 375 15 0.133 375 9.0% -1.90([-1.92, -1.88)

Forst et al., 2014 -1.2 1.7 19 0.7 2.5 20 2.3% -1.90([-3.24, -0.56] ¢

Schernthaner et al.,, 2015 -0.8 0.133 359 1 0.117 359 9.0% -1.80(-1.82, -1.78) =

Ferrannini et al., 2009 -0.23 0.11 1389 1.56 0.12 1383 9.0% -1.79(-1.80, -1.78) -

Hissa et al., 2015 -0.3 2 18 1.4 3 18 1.6% -1.70[-3.37, -0.03] ¢

Matthews et al., 2010 -0.3 0.1 1553 1.2 0.1 1546 9.0% -1.50([-1.51, -1.49] .

Hong et al., 2015 -0.1 0.167 172 -0.2 0.35 172 8.9% 0.10 [0.04, 0.16] -

Total (95% CI) 6487 6455 100.0% -1.92 [-2.16, -1.69] <>

Heterogeneity. Tau? = 0.16; Chi? = 22935.35, df = 12 (P < 0.00001); I = 100% _:2 _:1 5 i é‘

Test for overall effect: Z = 16.28 (P < 0.00001)

Favours DPP-4 inhibitors Favours Sulfonylureas

Fig. 10 - Forest plot of comparison between DPP-4 inhibitors versus sulfonylureas as add on to metformin for weight change.

ies, is in agreement with our results, reporting less cardiovas-
cular events for DPP-4 inhibitors when compared to sulfony-
lureas (OR: 0-53; 95% CI 0-32 — 0-87)[50]. Some authors stated
that gliclazide appears to have a more favorable cardiovascu-
lar profile than other sulfonylureas, but when we performed a
subanalysis with only studies with gliclazide and glimepiride

as intervention drug, no change of effect was seen (RR: 0-51;
95% CI, 0-33-0.79; p=0-002; I = 0%)[52,61,62]. In our meta-
analysis, unfortunately, the comparison between both drug
classes in monotherapy had only one study for this outcome,
in which the author found no difference among treatments
[25].



60 DIABETES RESEARCH AND CLINICAL PRACTICE 149 (2019) 47-63

In this meta-analysis, we showed a reduced incidence of
overall adverse events for patients treated with DPP-4 inhibi-
tors in combination with metformin when compared to sul-
fonylureas with metformin. This effect was not observed for
monotherapy comparison. In line with our results, two
meta-analysis of RCTs observed a reduction in total adverse
events in adult patients with DM when treated with DPP-4
inhibitors compared to sulfonylurea treatment [49,50]. How-
ever, in none of the studies, the authors separated monother-
apy and dual-therapy with metformin during their analysis.

The risk of infection was lower for those patients in the
sulfonylureas group combined with metformin, however this
effect was not observed in the comparison without met-
formin. We can speculate that sulfonylureas have a protective
effect concerning bacterial infections since there is some evi-
dence that sulfonylureas can inhibit the biosynthesis of
branched-chain amino acids by targeting acetohydroxyacid
synthase (AHAS) and depleting BCAA supply to the bacteria
and, thus making efficient bacteriostasis [63-65].

This meta-analysis has some strength. To the best of our
knowledge, it is the largest meta-analysis including only RCTs
and that compares two of the most used therapeutic classes
of anti-hyperglycemic drugs for T2DM patients. Our study is
the only one that separated monotherapy and dual therapy
with metformin highlighting some important safety results
to prescribers. Meanwhile, it also has several limitations.
These include (1) some studies only reported adverse events
that affected more than 5% of the subjects (2) the definition
of severe hypoglycemia differed among studies, indeed “any
hypoglycemic event” definition also varied in different stud-
ies (3) the mortality outcome is general, meaning that it is
not specific to deaths related to the drugs.

Since DPP-4 inhibitors are still considered as a new drug
class for T2DM treatment, it is necessary to wait for long-
term efficacy and safety results of these drugs [2].

Deacon et al. (2016) suggests in their narrative review that
DPP-4 inhibitors are probably a better clinical approach to
T2DM patients since these drugs compared to sulfonylureas
present less hypoglycemic events, neutral weight gain and
do not increase cardiovascular risk [2].

Our data firmly supports the better clinical utility of DPP-4
inhibitors compared with sulfonylureas, however it should be
considered that in poorer health economies, the lower head-
line cost of sulfonylurea may be taken into consideration,
although the extra headline costs of DPP-4 inhibitors will
probably be mitigated by reduction in hypoglycemia costs,
and potentially better treatment satisfaction and quality of
life [11].

5. Conclusion

This meta-analysis indicates that T2DM patients treated with
DPP-4 inhibitors in combination with metformin have less
overall adverse events compared to sulfonylureas in combi-
nation with metformin. Specifically, they also have less car-
diovascular  events, hypoglycemic episodes, severe
hypoglycemic events, and do not gain weight, in comparison
with sulfonylureas in combination with metformin. The
monotherapy treatment indicates that DPP-4 inhibitors have

lower impact on safety compared to sulfonylureas, showing
better clinical outcomes concerning hypoglycemic events,
severe hypoglycemia occurrences and not gaining weight.
DPP-4 inhibitor monotherapy or in combination with met-
formin seems to be a better clinical option than sulfonylureas
as they have a better safety profile with less hypoglycemic
events, neutral weight gain, and lower cardiovascular risk.
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Research in context

Evidence before this study

We systematically searched MEDLINE and EMBASE from
inception until July 2017. Searches consisted of terms relating
to “sulfonylureas”, “dipeptidyl peptidase-4 inhibitors”, “ad-
verse events”, and “safety”, with no language restrictions.
We only included data from randomized clinical trials com-
paring any sulfonylurea to dipeptidyl peptidase 4 inhibitors
studied in human adults with type 2 diabetes mellitus
(T2DM). We excluded studies that did not compare both drug
classes, trials that did not report adverse events, and dupli-
cate reports. A total of 36 RCTs were included, and were sep-
arated in DPP-4 inhibitors or sulfonylurea, both in
monotherapy or combined with metformin. Several adverse
events were reported in two recent large trials: one called
START-], in which Japanese patients with T2DM received sul-
fonylurea or DPP-4 inhibitors in monotherapy and the other, a
US trial, where patients with T2DM received sulfonylurea or
DPP-4 inhibitors combined with metformin. To our knowl-
edge, no previous meta-analysis comparing these two classes
of drugs has summarized the currently available evidence
about safety outcomes.

Added value of this study

The meta-analysis showed a better safety profile for DPP-4
inhibitors when compared to sulfonylureas, and even better
when treatment included metformin. A strong evidence for
less overall hypoglycemic events and severe hypoglycemic
events in patients treated with DPP-4 inhibitors and less risks
for overall adverse events for DPP-4 inhibitors with met-
formin were demonstrated.

Implications of all the available evidence
The evidence suggests that DPP-4 inhibitors have less

adverse events than sulfonylureas in patients with T2DM,
and this evidence is more pronounced when DPP-4 inhibitors
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are combined with metformin treatment. Considering that
the efficacy of these two second-line treatments, DPP-4 inhi-
bitors and sulfonylurea, is similar, it is interesting to the
healthcare provider to know about the safety profile of these
drugs, in order to guide his/her therapeutic decision.
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