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Abstract
The last few years important changes have occurred in the field of diabetes 
treatment. The priority in the therapy of patients with diabetes is not glycemic 
control per se rather an overall management of risk factors, while individual-
ization of glycemic target is suggested. Furthermore, regulatory authorities now 
require evidence of cardiovascular (CV) safety in order to approve new 
antidiabetic agents. The most novel drug classes, i.e., sodium-glucose transporter 2 
inhibitors (SGLT2-i) and some glucagon-like peptide-1 receptor agonists (GLP-1 
RA), have been demonstrated to reduce major adverse CV events and, thus, have 
a prominent position in the therapeutic algorithm of hyperglycemia. In this 
context, the role of previously used hypoglycemic agents, including dipeptidyl 
peptidase 4 (DPP-4) inhibitors, has been modified. DPP-4 inhibitors have a 
favorable safety profile, do not cause hypoglycemia or weight gain and do not 
require dose uptitration. Furthermore, they can be administered in patients with 
chronic kidney disease after dose modification and elderly patients with diabetes. 
Still, though, they have been undermined to a third line therapeutic choice as they 
have not been shown to reduce CV events as is the case with SGLT2-i and GLP-1 
RA. Overall, DPP-4 inhibitors appear to have a place in the management of 
patients with diabetes as a safe class of oral glucose lowering agents with great 
experience in their use.

Key Words: Cardiovascular safety; Dipeptidyl peptidase 4 inhibitors; Glucose lowering; 
Hypoglycemia; Therapeutic algorithm; Weight gain
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Core Tip: Dipeptidyl peptidase 4 inhibitors have a favorable safety profile, do not 
frequently cause hypoglycemia and weight gain, while they may be used in patients 
with kidney impairment and the elderly. Despite not reducing cardiovascular events, 
they still have a place in the diabetes treatment algorithm in several patients.

Citation: Florentin M, Kostapanos MS, Papazafiropoulou AK. Role of dipeptidyl peptidase 4 
inhibitors in the new era of antidiabetic treatment. World J Diabetes 2022; 13(2): 85-96
URL: https://www.wjgnet.com/1948-9358/full/v13/i2/85.htm
DOI: https://dx.doi.org/10.4239/wjd.v13.i2.85

INTRODUCTION
Diabetes mellitus (DM) is a worldwide health problem with epidemic proportions and 
a huge economic burden. The global prevalence of DM in 2019 was estimated to be 
9.3% (463 million people) with a projection to rise to 10.2% (578 million) by 2030 and 
10.9% (700 million) by 2045[1]. DM is a major cause of blindness, chronic kidney 
disease (CKD), stroke, lower extremity amputations and death from coronary heart 
disease and heart failure (HF)[2].

Until a few years ago the main focus of the management of patients with DM was 
the adequate or even strict glycemic control, mainly based on the fact that a glycated 
hemoglobin (HbA1c) of < 7% has been associated with a reduction in microvascular 
complications[3]. However, intensive glycemic control not only does not appear to 
reduce all-cause mortality and macrovascular endpoints in patients with DM type 2 
(DM2), but it may increase the relative risk (RR) of severe hypoglycemia up to 30%[3,
4]. Therefore, the glycemic target needs to be individualized and associated risk factors 
and co-morbidities be appropriately managed[5].

Another issue which emerged over a decade ago, due to concerns about agents such 
as rosiglitazone, is the cardiovascular (CV) safety of antidiabetic agents[6,7]. Ever since 
the regulatory authorities, such as the U.S. Food and Drug Administration (FDA)[8] 
and the European Medicines Agency (EMA)[9], require large CV outcomes trials 
(CVOTs) for all new treatments for DM2. Incretin-based therapies, i.e., glucagon-like 
peptide-1 (GLP-1) receptor agonists (GLP-1 RA) and dipeptidyl peptidase 4 (DPP-4) 
inhibitors, and subsequent drug classes have, thus, been approved after their efficacy 
was established in CVOTs.

Importantly, about 6 years ago a novel class of drugs, namely sodium-glucose 
transporter 2 (SGLT2) inhibitors (SGLT2-i), was demonstrated to reduce major adverse 
CV events (MACE) and mainly hospitalizations for HF[10]. Of note, a recent meta-
analysis demonstrated that SGLT2-i significantly improve CV outcomes including CV 
and all-cause mortality in patients with HF without excess risk of serious adverse 
events[11], while their capacity to slow the progression of CKD and/or albuminuria or 
even improve renal function has already been established[12-14].

Some GLP-1 RA were also found to decrease MACE, as well as secondary outcomes 
(e.g., HF and progression of renal disease) in patients with established CV disease 
(CVD) or CKD. Furthermore, recent evidence demonstrated that these drugs reduce 
the risk of nonfatal stroke in patients with DM2[15].

These findings consequently changed the guidelines for the management of 
hyperglycemia in patients with DM2[5]. Therefore, the role of drugs which were used 
as second line agents (after metformin) in the therapeutic algorithm has been adjusted. 
DPP-4 inhibitors fall into this category. In this paper, we discuss the characteristics and 
CVOTs of this class of drugs as well as their current role in the therapeutic armamen-
tarium of DM2.

MECHANISM OF ACTION AND CHARACTERISTICS OF DPP-4 INHIBITORS
In 2006 the first DPP-4 inhibitor, sitagliptin, was approved for the treatment of 
diabetes[16,17]. These drugs inhibit DPP-4, i.e., the enzyme that degrades incretins, 

https://creativecommons.org/Licenses/by-nc/4.0/
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subsequently prolonging their half-life[18]. Two such hormones have been identified 
in humans; glucose-dependent insulinotropic peptide or gastric inhibitory polypeptide 
(GIP) and GLP-1. The latter may achieve glucose lowering via various actions. 
Specifically, GLP-1 enhances glucose-dependent insulin secretion[19], activates insulin 
biosynthesis and gene transcription, thus restoring the cellular supplies of insulin for 
subsequent release[20], while it suppresses glucagon secretion[21,22] and food intake
[23,24] and slows gastric emptying[25].

In DM2 there is a reduction in GLP-1 secretion[26], an effect which in part accounts 
for the impaired “incretin effect” in patients with diabetes[27]. The “incretin effect” 
stands for the observation that insulin response to glucose is amplified when insulin is 
delivered orally vs intravenously[28]. By inhibiting the enzyme which is responsible 
for the degradation of incretin hormones, i.e., DPP-4, DPP-4 inhibitors prevent the 
proteolytic breakdown and inactivation of GLP-1 and GIP[29,30]. Typically, these 
drugs decrease serum DPP-4 activity by > 80%, which translates in doubling of intact, 
biologically active GLP-1 concentration[31] along with a significant reduction in 
postprandial glucose levels[31,32] and an approximately 0.8% decrease in HbA1c[33]. 
Importantly, DPP-4 inhibitors do not increase the risk of hypoglycemia, which is a 
major concern and an unfavorable prognostic factor in patients treated with 
antidiabetic agents. This occurs as native GLP-1, whose action is prolonged by DPP-4 
inhibitors, stimulates glucose-dependent insulin secretion from pancreatic β-cells[34].

Dissimilarities in the chemical structure of the different DPP-4 inhibitors affect their 
pharmacokinetic properties, formulation and daily dosing (Table 1). The relatively 
long half-lives of sitagliptin, linagliptin and alogliptin allow for once-daily dosing. 
Saxagliptin, which has a short half life, may also be administered once daily due to the 
presence of its active metabolite, BMS-510849, which inhibits DPP-4[35-37]. In contrast, 
vildagliptin has a short half-life and, thus, requires twice-daily dosing[38]. As far as 
route of elimination is concerned, sitagliptin and alogliptin are primarily excreted 
renally, whereas saxagliptin undergoes both renal and hepatic clearance. In contrast, 
linagliptin is predominately (approximately 90%) secreted unchanged in the feces[39], 
while vildagliptin is metabolized via at least four pathways before excretion[38,40]. 
Regarding CKD, all DPP-4 inhibitors may be given to patients at all CKD stages in 
reduced doses in order to avoid increased drug exposure[38,40], with the exception of 
linagliptin which does not require dose modification. Furthermore, saxagliptin is 
contraindicated in end-stage renal disease (ESRD) and in dialysis[38] (Table 2). This 
agent is also prone to drug-drug interactions as it is metabolized via cytochrome P450 
(CYP450). Hence, patients co-administered saxagliptin and CYP3A4/5 inhibitors 
should reduce saxagliptin dose[38,41]. Table 3 summarizes the doses which are 
appropriate for all stages of hepatic impairment for each DPP-4 inhibitor.

DDP-4 INHIBITORS IN CVOTS
Since over 10 years ago concerns have been raised as to the CV safety of certain 
antidiabetic drugs[42]. Subsequently, the FDA requires evidence of CV safety before 
approval of any new antidiabetic agent. In this context, no drugs that could be 
associated with an unacceptable level of CV risk in clinical trials would be approved 
for the management of DM2. Incretin-based therapies, including DDP-4 inhibitors, 
were the newer antidiabetic agents added to the DM2 treatment armamentarium at the 
time of this statement[42].

Consequently, randomized placebo-controlled clinical trials were designed to assess 
the CV safety of DDP-4 inhibitors. These studies mostly included high-risk patients 
with DM2. They had a non-inferiority design since the research question to be 
addressed at the time was safety rather than additional CV benefits, which were 
demonstrated only later with SGLT2-i and GLP-1 RA. To date, every DDP-4 inihibitor 
available for clinical use has been assessed in at least one of these trials (Table 4).

The trial evaluating cardiovascular outcomes with Sitagliptin (TECOS) trial 
included 14671 patients with DM2 with an HbA1c between 6.5 and 8.0% when treated 
with stable doses of one or two oral agents (i.e., metformin, pioglitazone or 
sulfonylurea) or insulin (with or without metformin) and established CVD[43]. These 
patients were randomized to sitagliptin 50-100 mg/d vs placebo on top of standard 
treatment. The primary endpoint of this study was the composite of CV death, 
nonfatal myocardial infarction, nonfatal stroke, or hospitalization for unstable angina. 
This was a non-inferiority trial with upper safety boundary of 1.3 RR. During the 3 
years of follow-up (median) sitagliptin was associated with mild though significant 
hypoglycemic effect; by lowering mean HbA1c by 0.29% points [95% confidence 
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Table 1 Characteristics of dipeptidyl peptidase 4 inhibitors

Chemistry Half-life HbA1c 
reduction (%) Metabolism Eliminationroute

Alogliptin Modifiedpyrimidinedione 20 h 0.6 (mean 
value)

Minimal Predominantly (> 70%) 
renal

Linagliptin Xanthine-based Approxmately 12 h 
(effective), > 100 h 
(terminal)

0.5-0.7 Minimal Predominantly biliary (< 
6% renal)

Saxagliptin Cyanopyrrolidine 2.5 h (parent), 3 h 
(metabolite)

0.5-1.0 Hydrolysis (cytochrome P450 3A4 
or P450 3A5) to form an active 
metabolite

Metabolism (parent) and 
renal (metabolite)

Sitagliptin β-aminoacid based 12.5 h 0.5-1.0 Minimal Predominantly (> 80%)

Vildagliptin Cyanopyrrolidine Approxmately 2 h 0.9 (mean 
value)

Hydrolysis (cytochrome-
independent) to form an inactive 
metabolite

Metabolism (parent) and 
renal (metabolite)

Table 2 Renal dosing of dipeptidyl peptidase 4 inhibitors

Renal impairment Alogliptin Linagliptin Sitagliptin Vildagliptin Saxagliptin

Mild (eGFR > 50 mL/min) 25 mg o.d. 5 mg o.d. 100 mg o.d. 50 mg b.i.d. 5 mg o.d.

Moderate (eGFR 30-50 mL/min) 12.5 mg o.d. 5mg o.d. 50 mg o.d. 50 mg o.d. 2.5 mg o.d.

Severe (eGFR < 30 mL/min) 6.25 mg o.d. 5 mg o.d. 25 mg o.d. 50 mg o.d. 2.5 mg o.d.

ESRD 6.25 mg o.d. 5 mg o.d. 25 mg o.d. 50 mg o.d. Contraindicated

Renal dialysis 6.25 mg o.d. 5 mg o.d. 25 mg o.d. 50 mg o.d. Contraindicated

eGFR: Estimated glomerular filtration rate; ESRD: End-stage renal disease.

Table 3 Modification of dosing for dipeptidyl peptidase 4 inhibitors in hepatic impairment

Hepatic 
impairment Alogliptin Linagliptin Sitagliptin Vildagliptin Saxagliptin

Mild 25 mg o.d. 5 mg o.d. 100 mg o.d. 5 mg o.d.

Moderate 25 mg o.d. 5mg o.d. 100 mg o.d. Can be used with 
caution

Severe Not 
recommended

5 mg o.d. Can be used with 
caution

Not recommended in liver disease, including AST 
or ALT > 3 × ULN

Not recommended

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ULN: Upper limit normal.

interval (CI): -0.32 to -0.27] compared with placebo. In the intention-to-treat analysis 
sitagliptin was non-inferior to placebo in the primary composite endpoint [hazard 
ratio (HR) 0.98; 95%CI: 0.88-1.09; P < 0.001 for non-inferiority]. The same was relevant 
for all secondary CV endpoints in this trial. Interestingly, acute pancreatitis or 
pancreatic cancer events did not differ significantly between the sitagliptin and the 
placebo group. Also, sitagliptin was not associated with any excessive risk of hospital-
izations for HF compared with placebo[43].

Linagliptin was evaluated in a non-inferiority multicenter randomized placebo-
controlled clinical trial. The Cardiovascular And Renal Microvascular Outcome study 
with Linagliptin (CARMELINA) study included 6979 patients at high risk for CVD 
[established CVD and significant albuminuria; urine albumin creatinine ratio (UACR) 
> 200 mg/g] or renal disease [low estimated glomerular estimated glomerular 
filtration rate (eGFR) and micro- or macro-albuminuria] and suboptimal glycaemic 
control (baseline HbA1c 6.5%-10%)[44]. These patients were randomized to linagliptin 
5 mg/d vs placebo. The primary composite endpoint was the time to first occurrence 
of CV death or nonfatal myocardial infarction or stroke. The non-inferiority margins 
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Table 4 Cardiovascular outcome trials with dipeptidyl peptidase 4 inhibitors

CVOT Comparator Cardiovascular safety (MACE) (HR) Risk of hospitalization for heart failure (HR)

Alogliptin EXAMINE Placebo 0.96 1.07

CARMELINA Placebo 1.02 0.90Linagliptin

CAROLINA Glimepiride 0.98 1.21

Saxagliptin SAVOR-TIMI Placebo 1.00 1.27

Sitagliptin TECOS Placebo 0.98 1.00

CVOT: Cardiovascular outcome trial; HR: Hazard ratio; MACE: Major adverse cardiovascular events.

were the same as in the TECOS trial.
After 2.2 years (median) follow-up the overall difference in HbA1c over the full 

study duration was -0.36% (95%CI: -0.42% to -0.29% based on least-square means). The 
primary composite outcome occurred in 5.77/100 person-years vs 5.63/100 person-
years in the linagliptin vs placebo group respectively; absolute incidence rate 
difference was 0.13 (95%CI: -0.63 to 0.90 per 100 person-years) (HR = 1.02; 95%CI: 0.89-
1.17; P < 0.001 for non-inferiority). Similar were the findings for the key secondary 
renal endpoint of composite of adjudication-confirmed ESRD, death due to renal 
failure, or a sustained decrease of at least 40% in eGFR from baseline. No difference in 
the total mortality rates was noted between groups, too. Similarly, no difference 
between groups was observed in the components of the key secondary renal endpoint 
except for progression of albuminuria which occurred less frequently in the linagliptin 
vs the placebo group: 21.4/100 person-years vs 24.5/100 person-years respectively; 
absolute incidence rate difference, -3.18; 95%CI: -5.44 to -0.92) (HR = 0.86; 95%CI: 0.78-
0.95; P = 0.003). Regarding safety, the incidence of pancreatitis episodes and pancreatic 
cancer was higher in the linagliptin compared with the placebo group though the 
number of cases was very limited in both groups to reach safe conclusions. No statist-
ically significant different between groups was noted in hospitalizations for HF.

The CAROLINA study was another non-inferiority study that compared linagliptin 
with glimepiride as an active comparator[45]. It included patients with DM2 and 
suboptimal glycemic control (HbA1c 6.5%-8.5%) and high CV risk. The latter was 
defined as the presence of established CVD or microvascular complications, the 
presence of multiple CV risk factors or age > 70 years. These patients were randomized 
to linagliptin 5 mg/d vs glimepiride 1-4 mg/d with investigator-led option to add 
other antidiabetic agents titrated to achieve sufficient glycemic control. The primary 
composite endpoint and the non-inferiority margins were the same as in the 
CARMELINA study. After 6.3 years (median) no significant difference between 
groups was noted in the glycemic control. Similarly, linagliptin was non-inferior to 
glimepiride in the primary composite endpoint which occurred in 11.8% vs 12.0%, 
respectively [HR = 0.98 (95.47% CI: 0.84-1.14); P < 0.001 for noninferiority; P = 0.76 for 
superiority]. The same was relevant also for the individual components of the primary 
endpoint[45].

Furthermore, no differences between groups were noted in overall deaths and in 
hospitalizations for HF. As expected, the incidence of hypoglycemic events was lower 
in the linagliptin than in the glimepiride group: incidence rate difference, -8.7 [95%CI: -
9.4 to -8.0; HR, 0.23 (95%CI: 0.21-0.26); P < 0.001]. Also, more weight gain was noted in 
the glimepiride group, with a mean between group difference of -1.54 kg (95%CI: -1.80 
to -1.28). However, no difference in fasting plasma glucose, lipids and blood pressure 
was noted between groups. The results of this study established the role of linagliptin 
as a non-inferior to sulfonylureas second-line option (after metformin) for the 
management of DM2[45].

Non-inferiority of alogliptin (6.25-25 mg/d adjusted according to eGFR) vs placebo 
was evaluated in 5380 high-risk participants with DM2 of the Examination of 
Cardiovascular Outcomes with Alogliptin vs Standard of Care (EXAMINE) study[46]. 
These patients had a recent (within 15-90 d) hospitalization for an acute coronary 
syndrome and suboptimal glycemic control (HbA1c 6.5%-11.0% at screening or 7.0%-
11.0% if the antidiabetic regimen included insulin). The primary endpoint was the 
composite of CV death or nonfatal myocardial infarction or stroke and the non-
inferiority margins were similar to the studies above. After 17.5 mo (median) alogliptin 
was associated with a mild though significant hypoglycemic effect compared with 
placebo; mean difference in HbA1c between groups -0.36% points (95%CI: -0.43 to -
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0.28; P < 0.001). No significant changes between groups were noted in body weight 
changes or changes in lipoprotein levels. At the end of follow-up the primary endpoint 
occurred in similar rates in both groups: 11.3% vs 11.8% in the alogliptin vs placebo 
group, respectively (HR = 0.96; upper boundary of the one-sided repeated CI, 1.16; P < 
0.001 for non-inferiority; P = 0.32 for superiority). No difference between groups was 
noted in the individual components of this endpoint or in the overall or CV mortality. 
No safety signal regarding the risk of acute pancreatitis or pancreatic cancer was noted 
in this study. Changes in eGFR throughout the study were similar between groups.

Similar was the design of the Saxagliptin Assessment of Vascular Outcomes 
Recorded in Patients with Diabetes Mellitus-Thrombolysis in Myocardial Infarction 53 
(SAVOR-TIMI53) trial[47]. This was a phase 4 randomized placebo-controlled trial 
including 16492 patients with DM2 with suboptimal glycemic control (6.5%-12.0%) 
and high CV risk (in secondary prevention or in primary prevention with multiple CV 
risk factors). These patients were randomized to saxagliptin 2.5-5 mg/d (adjusted 
based on eGFR) vs placebo for 2.1 years (median). The primary endpoint was the same 
as in the EXAMINE trial, whilst a secondary major composite endpoint of CV death, 
myocardial infarction, stroke, hospitalization for unstable angina, coronary revascular-
ization, or HF was assessed too. Saxagliptin was associated with significantly reduced 
HbA1c compared with placebo throughout the study (difference by 0.2% points at the 
end of follow-up) and with more patients achieving glycemic targets. However, no 
significant difference between groups was noted either in the primary or in the 
secondary major endpoint at the end of follow-up: HR = 1.00; 95%CI: 0.89-1.12; P = 
0.99 for superiority; P < 0.001 for non-inferiority for the primary endpoint and HR = 
1.02; 95%CI: 0.94-1.11; P = 0.66 for the secondary endpoint. Interestingly, among the 
individual components of these endpoints saxagliptin was associated with an 
increased risk of hospitalization for HF compared with placebo (HR = 1.27; 95%CI: 
1.07-1.51; P = 0.007). As mentioned above no similar signal was identified with 
sitagliptin and linagliptin in the TECOS and CARMELINA trial, respectively.

This matter is of particular significance since worsening of HF has been associated 
with excessive mortality in patients with DM2. To further assess this question the 
Vildagliptin in Ventricular Dysfunction Diabetes (VIVIDD) trial included 254 patients 
with symptomatic HF [New York Heart Association (NYHA) class II and III] with 
reduced left ventricular ejection fraction (LVEF < 40%) and a HbA1c of 6.5%-10%[48]. 
These patients were randomized to vildagliptin 50 mg twice daily vs placebo for 52 
wk. Vildagliptin was non-inferior to placebo in mean changes of LVEF assessed after ≥ 
22 wk on treatment (adjusted mean change 4.95% ± 1.25% vs 4.33% ± 1.23% in the 
vildagliptin vs placebo group, respectively). This was not accompanied by any 
differences between the 2 groups regarding other HF outcomes, including NYHA 
classification status and hospitalizations for HF.

However, vildagliptin was associated with significant increases in the end-diastolic 
LV volume as well as a non-significant trend to increased end-systolic one. The latter 
could be attributed to pre-treatment differences between groups in this regard. 
Namely, mean baseline end-diastolic volumes and brain natriuretic peptide were 
higher in the vildagliptin than in the placebo group. Hence, patients randomized to 
vildagliptin may have been more susceptible to such changes. However, the clinical 
relevance of this finding was uncertain and was not accompanied with any worse HF 
outcomes.

Overall, the large-scale randomized placebo-controlled trials with DDP-4 inhibitors 
established their CV and overall safety for the management of high-risk patients with 
DM2. However, no evidence of superiority was demonstrated in CV outcomes as 
compared with controls or sulfonylurea treatment. To date, there are no published 
head-to-head comparison CVOTs between DDP-4 inhibitors and antidiabetic drugs 
with established CV efficacy such as SGLT2-i or GLP1-RA. Overall, the modest 
hypoglycemic effects alongside the neutral effect of DDP-4 inhibitors on the lipid 
profile, blood pressure and body weight make DDP-4 inhibitors less promising for 
CVD prevention compared with the SGLT2-i and GLP-1 RA[49]. Indeed, in a network 
meta-analysis (236 trials; 176,310 patients) the use of SGLT2-i or GLP1-RA was 
associated with lower mortality compared with DPP-4 inhibitors or placebo or no 
treatment. Treatment with DPP-4 inhibitors was not associated with lower mortality 
compared with placebo or no treatment[50].

SAFETY
No safety signals were identified in the aforementioned clinical trials in the risk of 
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acute pancreatitis or pancreatic cancer. These two clinical entities were regarded 
important safety issues until up to a few years ago, as there were several relevant 
reports and signals from clinical studies with these drugs[51]. However, a recent meta-
analysis of randomized controlled trials demonstrated that the available data do not 
support an association of DPP-4 inhibitors with pancreatitis or pancreatic cancer. We 
should note that the evidence regarding pancreatic cancer is more limited and, thus, 
insufficient to draw definitive conclusions[52]. The excess of hospitalizations for HF 
associated with saxagliptin in the SAVOR-TIMI53 trial was not observed with the 
other DDP-4 inhibitors in CVOTs except a non-significant rise in the EXAMINE trial 
with alogliptin. In this context, regulatory authorities have added a warning in the 
labels of saxagliptin and alogliptin for the increased risk of HF[53]. The results of the 
VIVIDD study were reassuring as for the drug class. However, this matter should be 
investigated more in future longitudinal studies as the relatively short follow-up of 
these CVOTs may not be sufficient to detect a relevant safety signal.

Furthermore, as previously mentioned, this drug class does not increase the risk of 
hypoglycemia and is neutral in terms of weight gain, two issues important for patients 
with DM2, while other side effects are minor and reversible (e.g., gastrointestinal 
adverse effects, flu-like symptoms).

CURRENT USE OF DPP-4 INHIBITORS
DPP-4 inhibitors were the first therapeutic choice after metformin initiation only up to 
a few years ago as they improve glycemic control without producing hypoglycemia or 
weight gain[54]. However, the inability to show a beneficial effect in morbidity and 
mortality as well as the significant findings of the large-scale CVOTs of the newer 
antidiabetic agents (i.e., SGLT2-i and GLP-1 RA) have moved DPP-4 inhibitors lower in 
the algorithm of hyperglycemia management[5]. The above-mentioned change in the 
prescription of antidiabetic agents during the last years is reflected by the results of a 
recent study in Greece[55]. The percentage of patients treated with a DPP-4 inhibitor, a 
GLP-1 RA or a SGLT2-i in 2018 was 43.4%, 18.5% and 16.5%, respectively[55].

However, previous studies reflect the large use of DPP-4 inhibitors as a second 
choice of antidiabetic agents almost a decade ago. A large epidemiology study in the 
United States in a cohort of patients aged 18 years to 100 years who were newly 
initiated on oral hypoglycemic monotherapy between January 1, 2006, and December 
31, 2008, showed that the greatest relative change for the study period was observed 
for the DPP-4 inhibitors, increasing from 0.4% to 7.3% or 0.15% per month[56]. Of note, 
during the period that the study was conducted GLP-1 RA and SGLT2-i were not 
available and, therefore, were not included in the analysis. The same pattern was 
observed in a study in Germany in elderly patients with an initial diagnosis of DM2 
between January 2011 and December 2015, where the use of DPP-4 inhibitors raised 
from 13.4% to 19.8% during the study period[57]. The results of the study showed that 
DPP-4 inhibitors might be preferred over other drugs due to the good safety profile in 
elderly patients with DM2. At this point we should mention that there is lack of 
evidence regarding the trends of prescription of DPP-4 inhibitors. Another rather 
important issue is that there are large differences in prescription patterns, suggesting 
that the screening and management of DM2 varies among different countries.

THE PLACE OF DPP-4 INHIBITORS IN THE THERAPEUTIC ALGORITHM 
OF HYPERGLYCEMIA
In general, DPP-4 inhibitors cause a clinically meaningful reduction in blood glucose, 
have a low risk of hypoglycemia and a neutral effect on body weight, while their 
safety profile is overall favorable. They are also easy to use, requiring no dose titration 
and can be taken at any time of day regardless of meal times. Furthermore, DPP-4 
inhibitors exhibit non-glycemic favorable effects including reductions in systolic blood 
pressure, total cholesterol and triglycerides, as well as improvement in β-cell function
[35]. For the above reasons, until recently, they were a safe choice for the up titration of 
antidiabetic therapy after metformin. However, the large CVOTs with the newest 
agents, namely GLP-1 RA and SGLT2-i, have changed the treatment algorithm as well 
as the selection of DPP-4 inhibitors as a second-line add-on therapy to metformin[5].

DPP-4 inhibitors still have a place in the treatment of certain patients, such as those 
who take many drugs due to longstanding DM2 and have multiple co-morbidities, as 
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well as in those with renal impairment, where other anti-diabetic medications might 
be contraindicated. The frail elderly population may also benefit due to the low risk of 
hypoglycemia with DPP-4 inhibitors. Post-hoc analysis of the SAVOR-TIMI 53 data 
established the safety and efficacy of saxagliptin in the elderly[58], an observation that 
has been confirmed by other studies of DPP-4 inhibitors in this patient population[59,
60]. We should stress that saxagliptin is contraindicated in patients with HF due to the 
increased risk of hospitalizations for HF associated with its use[47].

Patients with advanced renal failure have fewer options of glucose lowering agents 
and often resort to treatment with complicated insulin regimens facing their 
accompanying increased hypoglycemia risk. Linagliptin might be a good choice as 
initial therapy in a patient with CKD at risk for hypoglycemia, while other DPP-4 
inhibitors might be used with proper dose adjustment in these patients[38,39]. More 
recently, renoprotection was suggested as another beneficial property of DPP-4 
inhibitors[36], which may be of clinical importance as diabetic nephropathy is a major 
complication of DM. Experimental data suggest that the modulation of innate 
immunity and inflammation are probably involved in these kidney-protective effects. 
The degradation of DPP-4, which is known to be expressed on the cell membrane of 
many types of cells including immune cells, as well as of several chemokines and 
cytokines[36], the attenuation of oxidative stress, fibrosis and cellular apoptosis in the 
kidney[37] are plausible underlying mechanisms.

According to recent guidelines, in patients with DM2 and established atherosclerotic 
CVD a GLP-1 RA or an SGLT2-i with proven CV safety (i.e., it has label indication of 
reducing CVD events) should be preferably used. In patients with HF or CKD an 
SGLT2-i should be used due to the beneficial effects of these drugs in CVOTs, unless 
they are contraindicated (according to GFR levels); then a GLP-1 RA should be used
[61].

When the therapeutic goals are not achieved with the previous antidiabetic agents, a 
combination with a DPP-4 inhibitor is recommended as a possible third-line therapy. 
The triple therapy of metformin with a DPP-4 and an SGLT2-i has a very low risk of 
hypoglycemia, leads to a further reduction in HbA1c, followed by weight loss and a 
reduction of blood pressure secondary to SGLT2-i administration[62-64]. Moreover, 
the dual effects of DPP4-i on α-cells and β-cells of the pancreas may combine well with 
the pancreatic islet-independent action of SGLT2-i.

DPP-4 inhibitors still remain a reasonable second-line add-on therapy to metformin, 
especially in individuals at high risk for hypoglycemia (i.e., elderly) or when an oral 
regimen is preferred. DPP-4 inhibitors can also be combined with insulin therapy. The 
combination of basal insulin with a DPP-4 inhibitor is a practical treatment option 
without the need for multiple injections and glucose self-measurements for the 
adjustments of insulin[61].

CONCLUSION
Despite the establishment of SGLT2-i and GLP-1 RA as a second-line therapy in 
current diabetes treatment algorithms, DPP-4 inhibitors still remain a useful tool for 
the management of patients with diabetes. Furthermore, the lack of evidence with 
SGLT2-i and GLP-1 RA in elderly patients with diabetes as well as the contraindication 
of SGLT2-i in patients with CKD grade 3A and lower, make DPP-4 inhibitors a safe 
choice in such populations. Concluding, DPP-4 inhibitors still appear to have a place in 
the management of patients with DM2 as a safe class of oral glucose lowering agents 
with great experience in their use.
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