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ABSTRACT

Dipeptidyl peptidase-4 inhibitors (DPP-4 inhibitors) are oral antidiabetic agents commonly used for the
treatment of type 2 diabetes mellitus. More than ten years of clinical experience with this group of drugs
provides evidence of their efficacy and good tolerability especially in patients at risk of hypoglycemia. DPP-
4 inhibitors act by increasing the levels of the incretins glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic peptide (GIP) and thus augmenting glucose-induced insulin secretion. The enzyme
DPP-4 degrades plenty of substrates including chemokines, cytokines, and neuropeptides. Thus the inhibition
of DPP-4 may affect many biological and pathological processes. Although rarely DPP-4 inhibitors have
been reported to induce the development of infections, heart failure, liver injury and pancreatitis. The long-
term effects of DPP-4 inhibition on the immune function are still not clarified. The close monitoring of
polymorbid patients using DPP-4 inhibitors, and the reporting of possible adverse reactions associated with

these drugs is warranted.
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INTRODUCTION

Dipeptidyl  peptidase-4 inhibitors (DPP-4
inhibitors) or gliptins are oral antihyperglycaemic
agents for the treatment of type 2 diabetes
mellitus (T2DM). The first DPP-4 inhibitor
sitagliptin was approved in 2006 (1). Ever since
many new members of this drug group were
marketed. Currently, there are more than nine
DPP-4 inhibitors commercially available.
Sitagliptin, saxagliptin, linagliptin, and alogliptin
are approved by the Food and Drug
Administration (FDA) in the USA and the
European Medicines  Agency  (EMA).
Vildagliptin has approval from the EMA, but it is
not authorized for use in the USA. Anagliptin,
teneligliptin, gemigliptin, and omarigliptin are
marketed mainly in  Asian  countries.
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Due to the rising incidences of diabetes
particularly type T2DM worldwide, the global
DPP-4 inhibitors market is forecasted to grow
during the period 2020-2026 (2).

PHARMACOLOGY

DPP-4 inhibitors belong to a relatively new group
of antidiabetic drugs that mimic the incretin
effect or prolong incretin action. Incretins are gut
hormones that are secreted from enteroendocrine
cells within minutes after food intake. Thus oral
glucose load causes a release of incretins,
principally glucagon-like peptide-1 (GLP-1) and
glucose-dependent insulinotropic peptide (GIP)
that amplify the glucose-induced insulin
secretion (3). The effect of GLP-1 on insulin is
more pronounced when glucose levels are high
and less when glucose levels are normal. This
explains the lower risk for hypoglycemia with
GLP-l-affecting drugs as compared with
sulfonylureas.  GLP-1 is  produced in
enteroendocrine L cells that are found among the
enterocytes in the small intestine and ascending
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colon (4). GIP is released in response to nutrients
from enteroendocrine cells (called K cells)
located primarily in the duodenum and jejunum.
Both GLP-1 and GIP act by binding to their
specific receptors (GLP-1R and GIPR). These
receptors are coupled to an increase in
intracellular cCAMP and Ca?" levels in P cells.

In addition to its insulin-stimulatory effect, GLP-
1 has several other biologic effects. It suppresses
glucagon secretion (5), delays gastric emptying,
and decreases food intake (6). GIP is also
involved in fat metabolism in adipocytes: it acts
by enhancing insulin-stimulated incorporation of
fatty acids into triglycerides, stimulates
lipoprotein lipase activity, and modulates fatty
acid synthesis (7). Both incretins have a very
short half-life being rapidly degraded by the
enzyme dipeptidyl peptidase 4 (DPP-4).

Inhibitors of DPP-4 prolong the action of
endogenous GLP-1 and GIP. Alogliptin,
linagliptin, and sitagliptin are competitive
inhibitors of the DPP-4 enzyme while saxagliptin
and vildagliptin inhibit DPP-4 through the

Table 1. Pharmacokinetics of DPP-4 inhibitors
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formation of a covalent enzyme-inhibitor

complex (8).

DPP-4, identical to CD26, a T-cell activation
molecule is a transmembrane glycoprotein
functioning as a serine protease, selectively
cleaving dipeptides from peptides and proteins
(9, 10). DPP-4/CD26 is expressed in many tissues
such as the lung, spleen, pancreas, kidney, liver,
gut, and bone marrow, but also on immune cells
such as T helper cells type 17 (Th17), B cells,
activated natural killer cells, macrophages, and
myeloid cells (9, 11-13). The substrates of DPP-
4 are incretin peptides, chemokines, cytokines,
and neuropeptides. They are involved in the
neuroendocrine system, nociception,
metabolism, cardiovascular functions, and
immune regulation (13). DPP-4/CD26 exists also
in soluble form in plasma maintaining its
enzymatic activity (9).

The main pharmacokinetic features of the DPP-4
inhibitors used in Europe are shown in Table 1.

Most of the drugs are administered orally once
daily but some require once weekly regimen (e.g.
omarigliptin).

Pharmacokinetic sitagliptin vildagliptin saxagliptin linagliptin alogliptin
parameter
Oral bioavailability [87% 85% 75% 30% 63%
Half-life (hrs) 12 2 3 113-130 21
Metabolism 20% 2% 50% 10% 10%
CYP3A4 CYP3A4/5
active metabolite
Excretion Renal Renal and Renal and hepatic Hepatic Renal
hepatic

Dose regimen in  |Adjusted Adjusted Adjusted No dosage Adjusted
renal failure adjustment
*adapted from Golightly et al., 2012 and Nolte Kennedy & Masharani, 2018.
Except for saxagliptin, which is primarily strong CYP3A4/5 inhibitors  (antivirals,
metabolized by hepatic cytochrome P450 (CYP) antifungal agents) significantly affects the

3A4 and 3A5, DPP-4 inhibitors are not substrates
for CYP enzymes. Thus, they neither induce nor
inhibit hepatic enzymes and their potential for
drug interactions with other medications is
minimal. Coadministration of saxagliptin with

concentrations of saxagliptin and its active
metabolite 5-hydroxy-saxagliptin. In these cases,
dosage adjustment is necessary (8).
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Therapeutic Uses

DPP-4 inhibitors are indicated for the treatment
of T2DM. They can be applied as monotherapy
or as add-on therapy with metformin,
sulfonylureas, thiazolidinediones, or sodium-
glucose cotransporter-2 (SGLT2) inhibitors (14).
Administered in doses that lower the activity of
DPP-4 by more than 95% DPP-4 inhibitors can
cause a greater than the 2-fold elevation of
plasma concentrations of GIP and GLP-1 leading
to increased insulin secretion and improvement in
fasting and postprandial hyperglycemia (15).
DPP-4 inhibitors have modest glucose-reducing
potential. Used as monotherapy in T2DM, they
reduce Alc levels by an average of 0.8% but
when added to metformin, thiazolidinediones,
sulfonylureas, and insulin, a further reduction of
Alc by about 0.5% can be expected (15). The risk
of hypoglycaemia is minimal. Treatment with a
DPP-4 inhibitor does not affect body weight.
Clinical  trials have demonstrated the
cardiovascular safety of saxagliptin, alogliptin,
sitagliptin, and linagliptin (16). Generally, DPP-
4 inhibitors are characterized by intermediate
glucose-lowering  potential, low risk of
hypoglycemia, neutral effect on body weight, and
low incidence of adverse effects.

Certain differences exist between various DPP-4
inhibitors regarding their potency and target
selectivity, as well as the need for dosage
adjustment in patients with renal and liver failure.

ADVERSE REACTIONS

DPP-4 inhibitors are well-tolerated drugs. Results
from studies performed in the first decade after
their approval confirms the safety and tolerability
of this group of drugs (17). DPP-4 inhibitors are
considered to be weight neutral and to have a low
risk of hypoglycemia compared  with
sulfonylureas and insulin (18, 19). Due to their
good safety profile, DPP-4 inhibitors can be used
in the elderly population, in patients with mild
renal impairment, and in patients at risk of
hypoglycemia.

The summary of product characteristics for most
DPP-4 inhibitors includes as contraindications
hypersensitivity reactions and warning not to use
these medications during pregnancy and
lactation, as well as precautions in cases of
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concomitant hepatic disease, renal impairment,
heart failure, and pancreatic disorders.

1. Infection and Immunity

Common adverse effects include
nasopharyngitis, upper respiratory infections, and
headaches. An increased reporting of upper
respiratory tract infections for diabetic patients
using DPP-4 inhibitors compared with patients
using other antidiabetic drugs has been detected
(20, 21). Meta-analyses confirmed a slightly
increased risk of nasopharyngitis, especially for
sitagliptin (22). It is hypothesized that the effects
of DPP-4 inhibitors cause a slight disbalance of
the immune system and consequent increased risk
of common, but not severe infections such as
upper respiratory tract infections (20). The
mechanisms for the risk of infections in DPP-4
inhibitor use are not clear. The cleavage of
immunoregulating substrates by DPP4/CD26
might influence immune activity or function (23).
CD26 may also affect immune responses by
directly regulating T lymphocytes (24). The
potential of DPP-4 inhibitors to alter immune
function present a source of safety concerns for
researchers and clinicians.

Autoimmune Diseases

Type 1 diabetes mellitus (T1DM) is an
autoimmune disorder characterized by the
destruction of pancreatic B cells. In some clinical
studies, higher DPP-4 levels in patients with
TIDM were found (25). Experimental
investigations have shown that inhibition of DPP-
4 activity stimulated B-cell proliferation (26).
Although some studies have provided evidence
for the therapeutic effect of DPP-4 inhibitors in
patients with TIDM a systematic review and
meta-analysis of existing data does not support
these positive results (27).

Inflammatory bowel disease (IBD) is an
autoimmune disease characterized by chronic
progressive  inflammation  affecting  the
gastrointestinal tract. Some studies disclose a
potential association of DPP-4 inhibition with the
risk of IBD in patients with T2DM (28, 29).
However, the clinical evidence about the effect of
DPP-4 inhibitors on IBD is generally considered
to be limited and inconsistent (30).

The role of DPP-4 inhibitors in rheumatoid
arthritis remains unclear (31). DPP-4 inhibitors
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can increase the risk of nonspecific arthritis and
severe arthralgia (31, 32). Joint pain occurs from
days to months after the start of therapy with a
DPP-4 inhibitor and typically resolves after
discontinuation of therapy. These adverse events
have been attributed to cytokine-induced
inflammation (19). The US FDA published a
safety announcement regarding the entire drug
class based on 33 case reports of severe joint pain
in 2015 (33). The risk of severe joint pain or
nonspecific arthropathies in patients with T2DM
using DPP-4 inhibitors was not verified in
population-based cohort studies (34, 35).
Considering systemic lupus erythematosus (SLE)
recent population-cohort studies from Taiwan
and Korea showed that DPP-4 inhibitor use was
associated with a reduced risk of SLE (35, 36).

Dermatologic Reactions (hypersensitivity and
autoimmune disorders)

Reports of hypersensitivity reactions such as
anaphylaxis and angioedema, occurring after the
first dose or up to 3 months of drug initiation,
have been reported with DPP-4 inhibitors.
Angioedema as an adverse reaction is typical for
angiotensin-converting enzyme (ACE) inhibitors
and is attributed to the accumulation of
vasoactive kinins normally degraded by ACE.
DPP-1V inhibitors block the degradation not only
of incretins but of other peptides (e.g. substance
P). Substance P is also involved in the
development of angioedema induced by ACE
inhibitors. Substance P is normally degraded by
ACE but when this enzyme is inhibited, it is
inactivated by DPP-IV. Thus the inhibition of
DPP-1V could increase the risk of angioedema in
patients taking ACE inhibitors as concurrent
medication (37).

Serious skin reactions including Stevens-Johnson
syndrome, bullous pemphigoid (BP), pemphigus,
urticaria, vasculitis, as well as stomatitis and
mouth ulceration have also been reported.
Bullous pemphigoid is a rare chronic,
autoimmune, blistering disease in elderly patients
(38) with a poor prognosis (39). The first cases of
BP induced by vildagliptin in combination with
metformin were reported by Pasmatzi et al. in
2011 (40). Since then many types of studies
including case reports, case series, observational
studies, and pharmacovigilance database analysis
continue to report the probable association
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between DPP-4 inhibitor wuse and the
development of BP (41). BP can be triggered by
various groups of drugs but the gliptins seem to
be associated with the highest risk of drug-
induced BP (41, 42).

2. Cardiovascular Function

T2DM is associated with a higher risk of
cardiovascular disease but this risk can be
reduced by maintaining glucose control as data
from randomized controlled trials (RCTs) show
(43). A meta-analysis of 182 clinical trials
revealed that DPP-4 inhibitors are not associated
with any increase or reduction of major adverse
cardiovascular events, all-cause mortality, and
heart failure but saxagliptin seems to be
associated with an increased risk of
hospitalization for heart failure (44). A meta-
analysis of RCTs and observational cohort
studies including 157,478 participants with
T2DM showed that cardiovascular death, non-
fatal myocardial infarction, and non-fatal stroke
were not significantly different in T2DM patients
treated with DPP-4 inhibitors versus patients
treated with no DPP-4 inhibitors and that those
drugs might be safely used considering potential
cardiovascular events (45).

Several clinical trials have demonstrated
cardiovascular safety with no reduction of the
cardiovascular risk for saxagliptin, alogliptin,
sitagliptin, and linagliptin (16). Unlike GLP-1
receptor agonists, DPP-4 inhibitors display no
superiority over placebo concerning major acute
cardiovascular events (46). At present, there is
limited data to suggest that DPP-4 inhibitors may
trigger heart failure. Evidence from some clinical
trials and observational studies is consistent with
increased risk even in patients without a history
of heart failure (47). Thus DPP-4 inhibitors are
not recommended for patients with pre-existing
cardiovascular disease until more RCTs of DPP-
4 inhibitors in patients with established heart
failure are carried out.

3. Pancreatitis

A slight risk of acute pancreatitis with DPP-4
inhibitors has been reported in a meta-analysis of
the 3 cardiovascular outcome trials - EXAMINE,
SAVOR, and TECOS (48). These data were
confirmed in a recent meta-analysis of 36 RCTSs,
which showed an increased risk of acute
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pancreatitis but not of pancreatic cancer with the
use of DPP-4 inhibitors (49). Observational
studies performed in various countries could not
verify these results. The FDA and EMA
announced that available data do not support an
increased risk of pancreatitis in patients receiving
DPP-4 inhibitors but more data are needed to
suspect a causal relationship. Pancreatitis during
DPP-4 inhibition may be due to the chronic
stimulation of pancreatic acinar and duct cells by
GLP-1. These cells express GLP-1 receptors and
proliferate in response to chronic stimulation by
GLP-1 in experimental studies (50). Because of
uncertainty regarding the association between the
risk of acute pancreatitis and DPP-4 inhibitor use
EMA and FDA state that pancreatic events will
be considered a risk associated with DPP-4
inhibitors until more data are available (51).

4. Renal Function

DPP-4 inhibitors have been used safely in
patients with chronic kidney disease (CKD), but
their effects on renal outcomes are uncertain (52).
Saxagliptin is reported to decrease urine albumin-
to-creatinine ratio (UACR) in diabetic patients
with cardiovascular disease without affecting
renal function (53). Linagliptin reduced
albuminuria progression in patients with CKD
(54). DPP-4 inhibitors could reduce albuminuria
through antioxidant, anti-inflammatory, and anti-
fibrotic effects (52). However, in the Trial
Evaluating Cardiovascular Outcomes with
Sitagliptin (TECQS) trial, this drug showed a
small but early decline in estimated glomerular
filtration rate (eGFR) with no changes of UACR
(55).

A meta-analysis of 23 RCTs involving 41,359
patients comparing DPP-4 inhibitors with
placebo or other antidiabetic agents in patients
with T2DM showed that DPP-4 inhibitors had
beneficial effects on renal function mainly by
reducing albuminuria but DPP-4 inhibitors
treatment was associated with a small decline in
eGFR compared with controls (52). Significant
effects on eGFRhave been rarely reported in
clinical studies of DPP-4 inhibitors, and
albuminuria is affected variably. The long-term
effects of DPP-4 inhibitors on renal function and
the development of end-stage renal disease are
still unknown.
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Monitoring of renal function is recommended in
diabetic patients on DPP-4 inhibitor therapy
especially elderly patients with cardiovascular
risk factors and chronic kidney disease.

5. Liver Function

Postmarketing surveillance has provided data on
elevated liver enzymes and hepatic failure
possibly associated with alogliptin, sitagliptin,
and saxagliptin. The latency period ranged from
2 to 12 weeks of starting therapy and the pattern
of liver injury was usually hepatocellular.
Discontinuation of the medication resulted in the
reversal of liver abnormalities (56). In a recent
population-based study of DPP-4 inhibitors and
SGLT-2 inhibitors in patients with type 2
diabetes DPP-4 inhibitors were associated with
an increased risk of acute liver injury compared
with SGLT-2 inhibitors (57).

Regarding linagliptin which is the only DPP-4
inhibitor primarily excreted by the liver and bile
analysis of data from 17 placebo-controlled RCTs
of linagliptin including patients with a history of
hepatic disorders, showed that linagliptin is well
tolerated in this patient population (58).
According to the conducted studies, there is no
concern for hepatoxicity for alogliptin,
saxagliptin, vildagliptin, and linagliptin (59). It is
however recommended to discontinue a DPP-4
inhibitor in case of clinical and laboratory
symptoms suggestive of liver impairment.

CONCLUSION

DPP-4 inhibitors have evolved as a well-
established group of oral antidiabetic drugs in the
management of T2DM in patients with no pre-
existing cardiovascular disorders. They are
mainly used as second or third-line therapy in
patients with high risk for hypoglycemia. DPP-4
inhibitors can be used as monotherapy or in
double or triple combinations with other
antidiabetic drugs. Due to their favorable safety
profile, DPP-4 inhibitors remain a therapeutic
option for elderly diabetic patients and those with
mild chronic kidney disease although they lack
the beneficial effects of SGLT-2 inhibitors and
GLP-1 receptor agonists on cardiovascular
outcomes.

Monitoring of patients using DPP-4 inhibitors is
mandatory considering the pleiotropic effects of
DPP-4 inhibition. Experimental and clinical
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research focused on the action of incretins and
other substrates of DPP-4 on cardiovascular
function, immunity, infection, and cancer will
enlarge the current knowledge of the beneficial
and adverse effects of DPP-4 inhibitors.
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