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Abstract

Background: Dipeptidyl peptidase-IV (DPP-IV) inhibitors, also known as gliptins, are a class of oral antidiabetic
agents. Postmarketing reports have documented the occurrence of angioedema in patients treated with gliptins and
it was found that these drugs increased the risk of angioedema in patients concurrently treated with angiotensin-
converting enzyme inhibitors (ACEIls). The aim of this manuscript is to provide an overview of the risk of angioedema
associated with gliptins.

Methods: The keywords used for the literature search in the PubMed database included “angioedema”and “dipepti-

dyl peptidase’, “gliptins’, or the name of each DPP-IV inhibitor. Articles in English published up to December 2020 were
taken into consideration.

Results: The available data appear to rule out a higher risk of angioedema associated with gliptin monotherapy and
have revealed an increased susceptibility in patients simultaneously treated with gliptins and ACEls. However, one sin-
gle multicenter phase IV trial and case reports, even if very limited in number, have shown that angioedema can also
occur during treatment with DPP-IV inhibitors without the concomitant use of ACEls. The involvement of other drugs
and drug interactions has occasionally been suggested. In a few patients, deficiency of enzymes involved in brady-
kinin catabolism was detected and this finding can constitute a risk factor for angioedema exacerbated by treatment
with DPP-IV inhibitors.

Conclusions: This risk of angioedema associated with the use of gliptins has mostly been related to the concurrent
administration of ACEls, and has been considered rare, but it might be underestimated and underreported. The role of
additional risk factors or drug interactions deserves further investigations. Caution should be taken when considering
the use of DPP-IV inhibitors in patients treated with ACEls or presenting with other known risk factors for angioedema.
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Bradykinin
Background that inhibit the degradation of incretins [1, 2]. DPP-IV is
Dipeptidyl peptidase-IV  (DPP-1V) inhibitors, also also involved in the degradation of other peptides, such

known as gliptins, are a class of oral agents available
since 2006 for the treatment of type 2 diabetes mellitus
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as bradykinin and substance P [3-6], and gliptins could
cause additional diabetes-unrelated effects through their
action on further substrates.

Postmarketing reports have documented the occur-
rence of angioedema in patients treated with gliptins
[7]. In particular, it was found that DPP-IV inhibitors
increased the risk of angioedema in patients concur-
rently treated with angiotensin-converting enzyme
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(ACE) inhibitors (ACEIs) [5], a class of medications
extensively used in clinical practice [8, 9].

Angioedema is a well-recognized side effect of ACEIs
that has been estimated to affect 0.1-0.7% of exposed
patients [6, 10]. The incidence of ACEI-associated
angioedema may be underestimated in clinical tri-
als because a history of angioedema is usually consid-
ered a strict exclusion criterion for ACEI therapy [8].
ACEI-induced angioedema has been shown to account
for almost one-third of patients with acute angioedema
presenting to emergency departments [11].

ACEI-induced angioedema most commonly involves
lips, tongue, face, upper airways and rarely other sites,
such as the abdomen [12], and can develop at any time
during treatment with ACEIs, even after years from the
initiation of therapy, suggesting that additional con-
tributory factors may be implicated [6]. Several risk
factors for the development of angioedema under ACEI
therapy have been identified, such as ethnicity, with
black and Hispanic patients at increased risk accord-
ing to some reports [13—16]; history of either smoking
or ACEI-induced cough [14]; history of drug allergy or
seasonal allergies [16, 17]; concomitant use of calcium
channel blockers, antihistamines and systemic corti-
costeroids [18] or nonsteroidal antiinflammatory drugs
[16]; transplant and immunosuppressant use [19]; heart
failure [8]. Age greater than 65 years [17, 18] and female
sex [20] were identified as determinants of angioedema
in ACEI-treated patients in some studies.

Angioedema due to ACEIs is believed to be the con-
sequence of the decreased degradation of bradykinin
and other vasoactive ACE substrates, such as substance
P [3, 6].

ACE is a dipeptidyl-carboxypeptidase that converts
angiotensin I to angiotensin II, a potent vasoconstric-
tor and an active component in the renin—angioten-
sin—aldosterone system, and has also a crucial role in
the inactivation of the vasodilator bradykinin and sub-
stance P [21]. During ACE inhibition, the role of DPP-
IV and other enzymes involved in the degradation of
bradykinin and substance P becomes important [22,
23]. It has been supposed that genetic or environmen-
tal factors that reduce the activity of DPP-IV or other
non-ACE enzyme pathways responsible for the inacti-
vation of such vasoactive peptides are likely to augment
the susceptibility to angioedema during exposure to
ACEIs [6, 24]. DPP-1V protein concentration and activ-
ity were shown to be decreased in the sera of patients
with ACEI-associated angioedema [25, 26]. Instead,
diabetes mellitus has been defined as a protective fac-
tor against angioedema, and this finding was explained
on the basis of the increased DPP-IV activity during
hyperglycaemia [12, 27].
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The aim of this manuscript is to provide an overview of
the risk of angioedema associated with gliptins.

Methodology

The keywords used for the literature search included
“angioedema” and “dipeptidyl peptidase’, or “gliptins’,
as well as the name of each DPP-IV inhibitor. Only arti-
cles in English were selected from the PubMed database.
Clinical studies reporting angioedema as adverse event
were included, as well as pharmacovigilance data and
case reports. Articles from the references cited in the
retrieved papers were also manually searched. The latest
search was completed at the end of December 2020.

Results of the literature search

The data from the retrieved publications were distin-
guished into two main categories. In the first part, safety
information from randomized clinical trials and phar-
macovigilance studies is presented. In the second part,
detailed data extracted from single case reports were
summarized. Brief comments obtained from the same lit-
erature were added, as appropriate.

Clinical and safety studies

Vildagliptin

In 2008, Brown et al. analysed the safety dataset of pre-
marketing phase III randomized clinical trials with a
duration up to 52 weeks in order to assess the incidence
of angioedema in patients treated with vildagliptin ver-
sus those treated with comparators (placebo or antidia-
betic drugs other than gliptins) [5]. The results of both
the meta-analysis using the Peto method and the pooled
analysis have shown no significant association between
vildagliptin and angioedema overall. This observation
was regarded as reassuring indicating that enzyme redun-
dancy is generally sufficient to prevent accumulation of
vasoactive peptides during DPP-IV inhibition [28]. Nev-
ertheless, according to some authors [29], these findings
should have been interpreted with caution because of the
small sample size with insufficient statistical power, as
the adverse reaction was rare.

However, in the same study of Brown et al. [5], among
subjects taking an ACEI, vildagliptin users were shown
to have an increased risk of angioedema [odds ratio (OR)
4.57, 95% confidence interval (CI) 1.57-13.28 in the
meta-analysis; OR 9.29, 95% CI 1.22-70.70 in the pooled
analysis)]. The risk of ACEI-associated angioedema was
significantly increased among patients taking vildaglip-
tin 100 mg/day, either in divided doses or as a single
dose, but not in those treated with vildagliptin 50 mg/
day, suggesting an apparent dose—response relationship.
In most vildagliptin-treated patients, angioedema was
judged to be mild or moderate in severity. The absolute
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risk was considered small [7], and the relatively modest
impact of DPP-1V inhibition on the risk of ACEI-induced
angioedema was ascribed to the presence of redundant
enzymatic pathways implicated in the degradation of
bradykinin and substance P [5]. Some limitations of the
analysis by Brown et al. should be taken into account, as
pointed out by the same authors [5]: (a) selection bias
(most patients had been treated with an ACEI chroni-
cally prior to randomization, so that subjects at low risk
for angioedema might have been selected); (b) lack of
randomization in ACEI use within the vildagliptin and
the comparator drug groups, so that it was not possible
to compare angioedema rates in ACEI users versus non-
users in the two groups; (c) limited (24-week to 52-week)
duration of the phase III studies; (d) angioedema was non
included among the primary endpoints of the phase III
clinical trials. At the time of the publication written by
Brown et al. [5], there were no sufficient data regarding
DPP-IV inhibitors other than vildagliptin to conclude
whether angioedema was to be considered a class effect
or specific to vildagliptin [28].

A noninterventional cohort study explored the asso-
ciation of vildagliptin use with the risk of specific safety
events of interest, including angioedema, compared with
other noninsulin antidiabetic drugs using real-world
data from five European electronic healthcare databases
[30]. Patients with a previous angioedema event were not
included in the analysis. Of the 738,054 adult patients
with type 2 diabetes mellitus examined, 20,973 (2.8%)
received vildagliptin with an average follow-up period of
1.4 years. No evidence was detected for an increased risk
of angioedema associated with vildagliptin compared to
other antidiabetic medications.

Sitagliptin

Williams-Herman et al. reported no association of sit-
agliptin with “angioedema-related events’, regardless of
concurrent ACEI exposure, in phase IIB and III trials up
to 2 years in duration that recruited 6139 patients with
type 2 diabetes receiving either sitagliptin 100 mg/day or
placebo or an active comparator [31]. A subsequent anal-
ysis of 10,246 patients with type 2 diabetes who received
either sitagliptin 100 mg/day or a comparator agent (pla-
cebo or an active comparator) in randomized, double-
blind studies with 12-week to 106-week duration did
not disclose a higher rate of angioedema or angioedema-
related events in sitagliptin-treated patients compared
to patients not exposed to sitagliptin, regardless of ACEI
use [32]. Unfortunately, events were not adjudicated and
the definition of “angioedema-related events” also com-
prised urticaria, anaphylactic and hypersensitivity reac-
tions, thus confounding the interpretation of results [5].
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Saxagliptin

Among clinical trial recipients who received 2.5 or 5 mg
saxagliptin daily, alone or in combination with met-
formin, a thiazolidinedione or glyburide, 1.5% had a
“hypersensitivity-related event’, such as urticaria and
facial angioedema, compared with 0.4% in the placebo
recipients [7].

A post hoc analysis of data from 20 randomized, con-
trolled studies in the phase IIb—IIIb clinical development
programme as of 1 June 2011 was undertaken to evaluate
the safety of saxagliptin as monotherapy or add-on ther-
apy in patients with type 2 diabetes mellitus (n=9156),
focusing on events of special interest. In pooled datasets,
the incidence rates of angioedema were comparable with
saxagliptin and control (placebo or active comparator)
[33].

SAVOR-TIMI 53 was a multicenter, randomized, dou-
ble-blind, placebo-controlled, phase IV trial that allo-
cated 16,492 patients with type 2 diabetes and risk for
cardiovascular events to treatment with saxagliptin (at a
daily dose of 5 mg or 2.5 mg in case of a glomerular fil-
tration rate of <50 ml/min) or matching placebo (1:1
ratio). The median follow-up period was 2.1 years. There
were no cases of fatal angioedema. Nonfatal angioedema
occurred in 8 patients in the saxagliptin group and 1 in
the placebo group (p=0.04) [34]. It is worth mention-
ing that the number of patients recruited in the SAVOR-
TIMI 53 trial treated with ACEIs was comparable in the
saxagliptin and placebo groups. Therefore, this study was
the only multicenter trial showing a significant increase
in the rate of angioedema just associated with the use of
saxagliptin, regardless of the concurrent treatment with
ACEIs.

Alogliptin

The EXAMINE trial was a phase III, multi-centre, rand-
omized, double-blind, placebo-controlled study whose
primary objective was to demonstrate the non-inferiority
of alogliptin versus placebo with respect to major car-
diovascular events. The study population consisted of
5380 patients, with 82% of them taking renin-angiotensin
system blockers, although it was unknown how many
patients received ACEIls. There was a similar incidence
of “hypersensitivity” in the treatment and the control
groups (0.6% and 0.5%, respectively), without any spe-
cific mention of angioedema cases. This study enrolled a
selected group of patients with recent severe cardiovas-
cular events as well as renal impairment and just over
20% of patients in both arms discontinued treatment,
about 10% because of adverse events [29]. Serious adverse
event reporting of patients enrolled in the EXAMINE
trial (maximum time on study was 41 months) revealed
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the same frequency of angioedema (0.04%) in the aloglip-
tin and placebo arms [35].

Various agents

In the series of 84 patients with angioedema induced
by renin—angiotensin—aldosterone system inhibitors
described by Pfaue et al. [36], four patients were treated
with both an ACEI and a DPP-IV inhibitor.

A recent disproportionality analysis of the World
Health Organization’s pharmacovigilance database, Vig-
iBase, examined the risk of angioedema associated with
the combination of ACEIs and DPP-IV inhibitors com-
pared with ACEIs alone or with DPP-IV inhibitors alone
[3]. All reports of angioedema from November 14, 1967,
to December 14, 2017 were extracted from VigiBase and
all reports with symptoms suggesting histamine-medi-
ated or hypersensitivity mechanisms were excluded in
order to better identify bradykinin-mediated angioedema
cases. The DPP-IV inhibitor drug class was involved in
677 reports of angioedema and 345 concerned ACEI
and DPP-IV inhibitor combination (sitagliptin n=225;
linagliptin n=37; vildagliptin n=40; saxagliptin n=43;
alogliptin n=3). No DPP-IV inhibitor was associated
with an angioedema disproportionality signal, whereas
the concomitant intake of ACEIs and DPP-IV inhibitors
was associated with an increased reporting risk of angi-
oedema [reporting OR 42.77 (95% CI 36.93-49.53)], sug-
gesting a pharmacodynamic drug-drug interaction and a
possible class effect [3].

Case reports

Table 1 summarizes the most relevant data on case
reports of angioedema related to DPP-IV inhibitors [37—
48]. Different culprit agents were implicated and the role
of either gliptin monotherapy or combination of DPP-IV
inhibitors and other drugs was suspected.

In particular, angioedema was observed in four patients
treated with ACEIs and gliptins [sitagliptin (n=3) and
saxagliptin (n=1)] [37, 40—42] and recovered or mark-
edly improved after discontinuation of both drugs [37,
41] or disappeared after the interruption of the ACEI
alone [40], whereas in one case treatment changes were
not specified [42]. In two of the cases managed with dis-
continuation of both drugs [37, 41], the ACEI alone was
initially withdrawn but the attacks persisted even after
this change. It is well known, however, that some patients
with ACEI-induced angioedema may continue to have
symptoms even after discontinuing ACEI treatment [12,
49]. Beaudouin et al. actually observed a patient with
ACEI-related angioedema whose symptoms worsened
after the addition of sitagliptin [37]. This patient was
found to have a latent deficiency of bradykinin-degrading
enzymes, supporting the relevance of the simultaneous
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ACE and DPP-1V inhibition in subjects with risk factors
for angioedema.

Other authors described angioedema in patients con-
currently treated with a DPP-IV inhibitor [sitagliptin
(n=2) and saxagliptin (n=1)] and an angiotensin recep-
tor blocker (ARB) [38, 39, 44]. The possible contributory
role of the ARB led to discontinuation of the ARB in one
case [38], whereas in other two patients the complete
resolution of angioedema was achieved after stopping the
DPP-1V inhibitor [39, 44]. The risk of angioedema due to
ARB:s is believed to be considerably lower in comparison
with ACEIs [23]. A meta-analysis of randomized trials
assessing the risk of angioedema with various renin-angi-
otensin system inhibitors has demonstrated that the
overall weighted incidence of angioedema with ACEIs
was 0.30% (95% CI 0.28 to 0.32) compared to 0.11% (95%
CI 0.09 to 0.13) with ARBs and 0.07% with placebo (95%
CI 0.05 to 0.09) [8]. However, the effect of combined
treatment with gliptins and ARBs on angioedema has not
specifically been investigated [38].

Angioedema attributed to gliptins alone was also
recorded with different agents [sitagliptin (n=1), vilda-
gliptin (n=1), anagliptin (n=1), alogliptin (n=1)] [43,
45, 46, 48]. Angioedema recovered after DPP-IV inhibi-
tor discontinuation in three patients [45, 46, 48], and
after the substitution of vildagliptin with alogliptin in a
single report [43]. This last case might indicate that there
is a difference in the risk of angioedema among gliptins,
possibly linked to differences in the inhibition rate of
DPP-IV among these drugs.

In the recent publication written by Schneider and
Ramesh [47], angioedema took place in the setting of co-
administration of glecaprevir/pibrentasvir for hepatitis C
and sitagliptin. Because sitagliptin is a substrate of p-gly-
coprotein/ABCB1, which is inhibited by glecaprevir/
pibrentasvir, the authors hypothesized that this drug
interaction could give rise to increased serum concen-
trations of sitagliptin, thus inducing a more pronounced
effect on DPP-1V inhibition and on the resulting mecha-
nisms responsible for angioedema [47]. The temporal
relationship of starting glecaprevir/pibrentasvir followed
by the development of angioedema and the permanent
recovery of symptoms after sitagliptin withdrawal might
be hints supportive of the possible relevance of this drug
interaction.

In the reported clinical cases, the influence of spe-
cific factors on the risk of angioedema cannot be ruled
out, such as ethnicity [39, 47, 48], smoking [46], seasonal
rhinitis [37], history of ACEI-related cough [38], use of
prednisone for thyroiditis [39], flurbiprofen [37] or lysine
acetylsalicylate [44]. Anyway, the limited number of case
reports does not allow to gather sufficient information.
The role of advanced age in conditioning the angioedema
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risk in patients treated with gliptins is not known. Inter-
estingly, a decrease in the DPP-IV activity has been
observed with increasing age [26].

Taking into account other details in case description,
the absence of pruritus, urticaria or other symptoms sug-
gesting histamine-mediated mechanisms was specified in
various publications [37, 38, 40, 41, 43, 46—48]. On the
contrary, Gosmanov and Fontanot observed the develop-
ment of a pruritic morbilliform rash concomitantly with
labial angioedema 1 week after starting an antidiabetic
preparation containing sitagliptin [39].

The histaminergic nature of angioedema was also
excluded in some reports on the basis of the lack of
response to medications conventionally employed for
the control of histamine-mediated and anaphylactic
responses, including antihistamines, corticosteroids
and/or epinephrine [38, 40-42, 46]. A gradual and slow
improvement of symptoms following the use of similar
medications was sometimes outlined [47, 48].

Some patients had severe symptoms, with hypopharyn-
geal and/or laryngeal oedema and dyspnea [40-42, 46,
47], and a few of them were ACEI users [40-42].

Drugs commonly used to treat bradykinin-mediated
angioedema, such as the specific bradykinin B2-receptor
antagonist icatibant and Cl-esterase inhibitor (C1-INH)
concentrate alone or with tranexamic acid, were spo-
radically required in severe refractory cases [40—42, 46].
Moreover, Millot et al. mentioned the occasional use of
a four-factor prothrombin complex concentrate for anti-
coagulation reversal, in anticipation of intubation or tra-
cheotomy, in a patient treated also with an anti-vitamin
K agent, and they unexpectedly noted that this approach
was effective in an angioedema episode [42].

Some reports contain information concerning labo-
ratory investigations (Table 1), such as assessment of
allergy [41, 45] or autoimmunity [42], C1-INH levels and
function [37, 40, 42, 46, 48], complement factors [38,
40-42, 47, 48], or tryptase levels [37, 42], revealing nor-
mal results. It is important to underline that deficiency of
enzymes involved in bradykinin catabolism was found in
some patients [37, 42, 46]. This finding can constitute a
risk factor for angioedema episodes exacerbated by DPP-
IV inhibitor administration and was detected in a few
patients with particularly severe symptoms [42, 46]. In
one of these patients [46], type III hereditary angioedema
was also diagnosed.

Concluding remarks

The majority of data from clinical studies appear to
rule out a higher risk of angioedema associated with
the use of DPP-IV inhibitors as monotherapy, although
the available information is still scarce. Moreover, most
data were derived from randomized clinical trials that
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were not designed to assess specific adverse events. The
ability to detect adverse events that are rare or very rare
may be limited by the sample sizes, follow-up periods
and other methodological features that generally char-
acterize such trials.

The increased susceptibility to angioedema in
patients simultaneously treated with gliptins and
ACEIs, previously demonstrated by Brown et al. [5],
has recently been confirmed by a pharmacovigilance
data analysis, that has suggested a pharmacodynamic
drug—drug interaction and a possible class effect [3].

Considering the wide simultaneous administration of
DPP-IV inhibitors and ACEIs worldwide over the last
years, angioedema has been considered rare as the lit-
erature contains only a few case reports [50]. Other-
wise, it could be underestimated and underreported.

The case reports of gliptin-associated angioedema,
even if limited in number, seem to suggest that this
event can occur during treatment with DPP-IV inhibi-
tors as monotherapy or combined with ACEIs, although
the role of other drugs and additional risk factors can-
not be excluded and deserves further investigations.

Angioedema can be life-threatening and challenging
in its management. The available reports have shown
a great variability in the severity of symptoms dur-
ing angioedema attacks and in their response to vari-
ous treatments. Anyway, the prompt discontinuation
of the culprit drug is fundamental for the management
of such reactions. Therefore, the development of angi-
oedema in patients treated with gliptins should lead to
the precautionary discontinuation of these drugs and
concurrent culprit drugs, especially ACEIs.

Scott et al. published a comprehensive review focus-
ing on the risk and pathomechanisms of angioedema
due to inhibition of DPP-1V inhibitors as monotherapy
and combined with ACEIs [29]. These authors stated
that this risk might be overlooked in the clinical set-
ting. They underlined that recent papers on large series
of patients with angioedema did not mention DPP-IV
inhibitors as possible trigger. Moreover, they encour-
aged an increased awareness of the risk of angioedema
and implementation of reporting, and recommended
that treatment with DPP-IV inhibitors must be care-
fully considered and monitored, especially in patients
treated with ACEIs or with other known risk factors for
angioedema.
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