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l. INTRODUCTION
Diabetes is a metabolic disease in which the body is unable to produce enough insulin, or when body

cells cannot use the produced insulin sufficiently (insulin resistance) which consequently causes an elevation of
blood glucose (1).Diabetes affects large population worldwide. According to American Diabetes Association
(ADA), diabetes considered the 7" leading cause of death in US and it accounts for 8.3% of the cases (2). In
addition, It has been reported that there are around 3.5 million people who have been diagnosed with diabetes in
UK in 2015 (3). Diabetes can lead to several complications including macrovascular (neuropathy, nephropathy
and retinopathy) and macrovascular complications (cardiovascular disease, stroke, coronary artery diseases
...etc.) (4). In order to treat diabetes and prevent those complications, several interventions have been
recommended by different guidelines. Patients start with weight loss program, physical activities and specific
health diet to control blood glucose as cornerstone for the treatment. When glucose level is not controlled,
pharmacological therapy is added; and the first line therapy is metformin according to the American Diabetic
Association (5). However, when metformin fails to improve the HbAlc level, other additional therapies are
recommended in this case. Several second line medications are developed for the treatment of diabetes; these
include sulfonylureas, thiazolidinedione, glucagon-like peptide-1 (GLP-1) receptor agonists, sodium-glucose
transporter-2 (SGLT2) antagonist and dipeptidyl peptidase-4 (DPP-4) inhibitors (6). The new group of
medication (DPP-4 inhibitors) lowers blood glucose by blocking the degradation of incretin hormone GLP-1.
This group shows distinctive advantages over other classes of medication. First, they are less likely to cause
hypoglycemia. In addition, they lack the gastrointestinal side effects and weight gain that are observed in other
agents. Moreover, they are given through oral rout and have lower risk of drug-drug interactions (7). Some
studies showed a relation between the use of DPP-4 inhibitors and the increase in cardiovascular risk, however,
this relation still uncertain. Therefore, this study aims to review this anti-diabetic class and explore the recent
studies regarding its effect andsafety in relation to cardiovascular risks.

1. METHOD
atabases including Cochrane library database, Academic Search Complete, and PubMed were conducted using

different MeSH terms (linagliptin (MeSH Terms]) OR saxagliptin [MeSH Terms] OR sitagliptin [MeSH Term]
OR alogliptin [MeSH Term]) AND (cardiovascular safety [MeSH Term]).

The search was limited to studies conducted on humans, randomized or observational trials, and written in
English language. Articles were excluded if the primary outcome did not include the cardiovascular safety for
DPP-4 inhibitors. Other data extracted were the study design, patients profile, demographics, overall survival
and other hemodynamic parameters.

II. RESULTS

Several studies have been conducted to evaluate the efficacy and safety of each DPP-4 inhibitors
especially in relation to their cardiovascular risks and benefits. Most of the data currently available for the
safety of alogliptin are results of randomized controlled trials (RCTs) and pooled analysis. Similarly, the data
for linagliptin are mostly resulted from the pooled analysis trials. However, the data for both saxagliptin and
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sitagliptin are results from different trials including RCTs, cohort studies, retrospective designs and post-hoc
analysis. These studies will be discussed in details for each member of this class.

Alogliptin:

It is considered the newest member of DPP-4 inhibitors. In order to identify its cardiovascular risk, different
trials including RCTs and pooled analysis were conducted. The recent RCT which is SPEAD-A trial published
in 2016 (8) is a randomized, blinded, open-label, multicenter trial. It included around 341 patients with type 2
diabetes with no previous cardiovascular diseases. The patients were allocated into two arms, first is the
treatment (alogliptin 25 mg orally) and the second arm was the placebo (or conventional treatment) for 24
months treatment period. The main primary outcome was the change in mean common and maximum intima-
media thickness (IMT) of the carotid artery measured by atrial echography. The result of this study showed that
alogliptin reduces the glucose level more than other conventional treatments. In addition, the changes in the
mean IMT of carotid artery were significantly greater with alogliptin compared to other treatment (P=0.02).
Therefore, alogliptin was successful in reducing the progression of carotid artery, thus it helped in improving
cardiovascular safety as compared to other treatment.

Another recent trial (EXAMINE) (9) was conducted in 2016 and included 5380 patients. It is a
randomized controlled trial which aimed to evaluate the risk of cardiovascular death with alogliptin versus a
standard therapy. Patients with type lldiabetes were randomly assigned to receive either alogliptin or placebo
within 15 to 19 days of acute coronary syndrome. Patients were monitored and followed until death or
censoring. The result showed that the rate of death due to cardiovascular situations was 4.1% with alogliptin
versus 4.9% with placebo ([HR] 0.85; 95% CI 0.66- 1.10) which is a non-significant difference. In addition, the
mortality rates after cardiovascular events were similar between the two groups. Therefore, this study provide a
conclusion that alogliptin was not associated with either an increase or decrease in cardiovascular risk.

The last study for alogliptin is a pooled analysis published in 2013 which aimed to evaluate the
cardiovascular profile for alogliptin and determine its safety in relation to any cardiovascular event (10). The
trials included in the analysis were randomized controlled trials whichmust include parallel double arms, one
with alogliptin and the other with placebo or other comparator medication. The analysis included 4168 patients
received alogliptin at the doses of 12 to 25 mg daily for 2023 patients-years, around 691 patients received
placebo for 263 patient-years and 1169 patients treated with other standard treatment for 703 patient-years. The
primary outcome was a composite endpoint (MACE) which included cardiovascular death, non-fatal
myocardial infarction, and non-fatal stroke. The result of this analysis showed that the difference in the
occurrence of composite endpoints was similar between the groups and it was not statistically significant
(HR=0.635, 95% CI 0.0 - 1.41). In addition, other serious cardiovascular event rateswere not different between
the groups. Therefore, alogliptinwas not associated with increased cardiovascular risk.

Linagliptin:

) pIt is a member of DPP-4 inhibitors that was approved by the FDA on May 2011 (11). Its effect in
reducing blood glucose has been confirmed by many trials. Regarding its cardiovascular safety, there are
several studies conducted for this purpose. The first study is a pooled analysis published in 2015 which aimed to
evaluate the cardiovascular profile for linagliptin in patients with type lldiabetes (12). The analysis contains 19
randomized, double-blinded, controlled trials which involve in total about 9459 patients. These studies enrolled
diabetic patients into two arms, one with linagliptin 5-10 mg and the other one with placebo or other active
therapy. The primary outcomes were the occurrence of composite endpoints including cardiovascular death,
non-fatal myocardial infarction, non-fatal stroke, hospitalization due to unstable angina and hospitalization due
to congestive heart failure. The result indicated that the difference in cardiovascular risk betweenlinagliptin and
other comparator treatment or placebo was not significant. In more details, linagliptin caused 60 events,
compared to the comparator medications which caused 62 events (HR 0.78, 95% CI, 0.55-1.12). In addition, for
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placebo-controlled trials, linagliptin resulted in 43 events and placebo caused 30 events (HR 1.09, CI 0.68-
1.75). As a result of that, it can be clearly seen that linagliptin didn’t cause an increase in cardiovascular risks
compared to other treatments or placebo in patients with type lldiabetes.

Another recent study which is a post-hoc analysis published in 2016 was aimed to evaluate the efficacy
and cardiovascular safety as an add-on therapy to insulin in patients with type lldiabetes (13). The data for
patients receiving insulin (either basal insulin or basal-bolus one) were extracted from different randomized,
double-blinded trials (n=4). In those trials, patients received either linagliptin 5 mg once daily or placebo as add
on to insulin therapy. Several factors were assessed including the HbAlcand the cardiovascular adverse effects.
The primary endpoint was a composite of different events including cardiovascular death, myocardial infarction
and non-fatal stroke. Linagliptin was associated with multiple advantages including weight reduction,
minimizing the need for frequent insulin therapy and it didn’t cause negative effect on other parameters
including blood pressure and lipid profile. In addition, the incidence of the endpoint was similar between
placebo and linagliptin(HR 1.06, 95% CI 0.62-1.85). As a conclusion, linagliptinadded to an insulin therapy
didn’t cause an increase in cardiovascular events.

Saxagliptin:

It isanoral anti-diabetic therapy and a very selective member of DPP-4 inhibitors. It was approved by
FDA on July 2009 (14). In order to assess its cardiovascular profile, several studies were conducted for this
purpose. The first trial (SAVOR-TIMI 53) is a large randomized, double-blinded, placebo-controlled trial which
was published in 2013 and leads to some changes by the FDA. This trial aimed to evaluate the efficacy and
cardiovascular safety profile for saxagliptin in patients with diabetes (15). Patients were included if they have
diabetes, above 40 years of age, and had a history of any cardiovascular events. Around 16,492 patients were
randomly assigned in 1:1 ratio to receive either saxagliptin 5 mg once daily or a placebo. Patients were followed
accordingly for 2.1 years. The main primary outcome was a composite of cardiovascular death, nonfatal
myocardial infarction or nonfatal stroke. The secondary outcomes were the primary endpoints in addition to
hospitalization due to heart failure, unstable angina or coronary revascularization. The result showed that there
was no significant difference in the occurrence of primary endpoint. The composite endpoint occurred in 613
patients in saxagliptin group and 609 patients in placebo group (HR 1.0, 95% CI 0.89-1.12, P=0.99). However,
the difference was significant with secondary endpoints. Hospitalization due to heart failure occurred more in
saxagliptin group compared to placebo (3.5% vs. 2.8%; HR, 1.27; 95% CI, 1.07 to 1.51; P = 0.007). The main
conclusion out of this trial is that saxagliptin didn’t associate with either increase or decrease in the occurrence
of cardiovascular events. However, itresulted in higherhospitalization rate due to heart failure. Based on this
trial, the FDA added a warning regarding the cardiovascular safety of saxagliptin which was introduced in April
2016 (16).
Another recent study was published in 2016 based on the previous RCT that concluded the risk of saxagliptin in
causing hospitalization due to heart failure. This study has retrospective cohort design which aimed toevaluate
whether this risk is significant and determine whether it is a drug specific or a class effect of all DPP-4
inhibitors (17). The data for patients with diabetes who have been receiving saxagliptin, sitagliptin or
vildagliptin were identified (n=159,330) from the National Health Insurance database for two years. The main
outcome of interest was the hospitalization due to heart failure. The patients were followed for one year from
initiating the drug until the occurrence of the outcome, death or getting out of the study. The data were analyzed
by different statistical methods. The result of this study showed that the incidence rate of heart failure was 2.63
for saxagliptin, 2.77 for sitagliptin and 1.91 for vildagliptin for 100 person—years. Bothsaxaglipton and
sitagliptin had similar risk which is not significant (HR 0.98, 95% CI 0.91-1.06). In addition, an auxiliary
analysis using Acarbose as a reference group showed no increased risk of heart failure with DPP-4 inhibitors.
Therefore, the result of this study was in reverse to the previous one since it showed that the three DPP-4
inhibitors including saxagliptin is safe in regards to increasing the occurrence of heart failure.

The last recent study which was published in June 2016 and funded by the U.S FDA is a population-
based, large retrospective cohort study (18). The aim of this study was to verify theproposed associationbetween
hospitalization due to heart failure and the use of saxagliptin/ sitagliptin. Data for patients 18 years and above
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with type 2 diabetes who were receiving saxagliptin or sitagliptin and other anti-diabetic medications include
sulfonylurea and long-acting insulin product were collected from 18 health insurance and health system
database. The main outcome was the hospitalization due to heart failure. The result showed that the risk was not
higher with saxagliptin or withDPP-4 inhibitors in general as compared to other medications. The hazard ratios
were 0.83 (95% CI, 0.70-0.99) for saxagliptin versus sitagliptin, 0.63 (CI, 0.47 to 0.85) for saxagliptin versus
pioglitazone, 0.69 (Cl, 0.54 to 0.87) for saxagliptin versus sulfonylureas, and 0.61 (CI, 0.50 to 0.73) for
saxagliptin versus insulin. Therefore, this study showed that the risk of hospitalization from heart failure is not
larger with DPP-4 inhibitors (saxagliptin) as compared to other therapies.

Sitagliptin:

It is a member of DPP-4 inhibitor which was developed and marketed by Merck&Co (19). Recent
randomized, double-blinded, placebo-controlled trial which was published in 2015 addressed the relation
between sitagliptin and its cardiovascular risk (20).Around 14,671 patients were enrolled into the study. Those
patients, who have type Ildiabetes with established cardiovascular diseasewere at least 50 years of age and were
treated with one or two of other anti-diabetic medications. Patients were randomly assigned in 1:1 ratio to
receive either sitagliptin 100 mg daily or matching placebo. The primary outcome was a composite of
cardiovascular death, nonfatal myocardial infarction, nonfatal stroke or hospitalization due to unstable angina.
The result showed that the composite outcome occurred in 839 patients in sitagliptin group and 851 patients in
placebo group. Therefore, sitagliptin showed to be non-inferior to placebo (HR 0.98, 95% CI 0.88-1.09). In
addition, there were no differences in term of hospitalization for heart failure or angina ( HR 1.00, 95% CI 0.83-
1.20).Adding sitagliptin to other therapies didn’t cause an increase of cardiovascular adverse events.

The second trial (PROLOGUE) published in 2016 aimed to examine the effect of sitagliptin on cardiovascular
safety by using the intima-media thickness of the carotid artery as a surrogate marker for the cardiac health (21).
The study is a prospective, randomized, open-labeled, blinded controlled trial. Patients (n=442) with type
Ildiabetes were randomly assigned to receive either sitagliptin at doses of 25 to 100 mg per day or other
conventional therapy. Patients were followed and they underwent carotid ultrasound accordingly to assess the
primary outcome. The common carotid artery IMT after 24 months of follow up were 0.827 + 0.007 mm for
sitagliptin and 0.837 + 0.007 mm for other comparator therapy ( 97.2% CI -0.028-0.011, P=0.309). In addition,
the HbAlc level was significantly lower with sitagliptin as compared to other therapy. Therefore, this study
concluded that sitagliptin didn’t cause a risk or a benefit in terms of cardiovascular safety.

One pooled analysis was published in 2013 assessed the cardiovascular safety for sitagliptin by pooling data
from 25 double blinded trials (22). The main outcome was the major cardiovascular events and death. The result
of this analysis found that sitagliptin didn’t cause an increase in cardiovascular risk compared to other
treatment.

Vildagliptin:

It is another member of DPP-4 inhibitors which was EU approved in 2007 (23). To assess its
cardiovascular safety profile, a large retrospective meta-analysis was conducted for this purpose (24). Around
17,446 patients data were collected from 40 double-blinded, randomized, controlled trials (phase Il and 1V).
The primary outcome was the rate of major cardiovascular adverse events including myocardial infarction,
stroke and cardiovascular death. Hospitalization due to cardiac issues was considered a secondary endpoint. The
result of the study showed that the occurrence of cardiovascular events occurred in 83 patients in vildagliptin
group and 85 in comparator therapy groups (RR 0.82, 95% CI 0.61-1.11). A non-significant difference was also
found in relation to hospitalization due to heart failure. Therefore, this meta-analysis indicated that vildagliptin
was not associated with an increase in the risk of cardiovascular adverse events.

Iv. DISCUSSION
DPP-4 inhibitors are members of the anti-hyperglycemic medications that used widely worldwide.

Their effect in reducing sugar level has been reported in many trials. Recent studies have brought a concern
regarding their cardiovascular safety, although it was not evaluated initially in clinical trials. Multiple
randomized trials, pooled analysis and observational studies were published for this purpose. However, the
definite answer regarding its safety is still uncertain. Therefore, this study is done to review the main recent
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trials that discuss this point and to provide a main conclusion based on the results of those trials. The members
of DPP-4 inhibitors that are FDA approved arelinagliptin, alogliptin, sitagliptin and saxagliptin, while
vildaglipin is approved by EU. The members of this class showed to exerta great effect in reducing glucose
parameters in patients with diabetes including the glucose level and HbAlc. A meta-analysis was conducted to
evaluate their effect and the result showed that patients with diabetes who received DPP-4 inhibitor achieved a
great reduction in HbAlc <7% compared to placebo with no other adverse events (including hypoglycemia and
weight gain) (25). Other studies indicated that using any member of DPP-4 inhibitor as add-on therapy to
metformin causes an effect which is similar to that of sulfonylurea and thiazolidinedione in terms of HbAlc
reduction which is considered the optimal surrogate maker for diabetes (26,27). However, some studies have
brought a concern regarding the use of DPP-4 inhibitors as they might increase cardiovascular risk. Based on
the studies mentioned in this review, it can be concluded that there is no increased risk of cardiovascular events
with the use of all DPP-4 inhibitors (sitagliptin, saxagliptin, alogliptin, linagliptin and vildagliptin). These
events includes-but not limited- to myocardial infarction, cardiovascular death and nonfatal stroke. In addition,
they indicated that DPP-4 inhibitors can be safely used as additional option for diabetes in patients with high
cardiovascular risks. These findings are resulted from high restricted, double-blinded, randomized controlled
trials for sitagliptin, saxagliptin and alogliptin. However, the results for linagliptin and vildagliptin are taken
from other designs including post-hoc analysis, pooled analysis and retrospective designs. Therefore, a well-
designed randomized trial is required to confirm their safety regarding cardiovascular adverse events. Although
the studies have shown that sitagliptin, saxagliptin and alogliptin are not worse than placebo, one randomized
trial has showed that there is a risk of increased hospitalization due to heart failure with saxagliptin. To follow
up and confirm this finding, two large retrospective cohort studies (one funded by the U.S FDA) were published
recently in 2016 as mentioned above. The findings for these two trials were in contrast to the result of the RCT.
These two trials indicated that saxagliptin didn’t cause an increase in hospitalization rate due to heart failure as
compared to placebo or any other comparator medications. This can be justified as the outcome for
hospitalization in the RCT was a secondary endpoint, which means that the power of the study is not able to
detect truly the statistical differences in the results. Although these two retrospective studies were large and
well-designed, their results can’t be guaranteed due to the lower level of evidence for the retrospective
observational studies compared to clinical trials. Therefore, saxagliptin should be used in caution until there are
further randomized controlled trials or long term studies that assess the risk of hospitalization due to heart
failure as the main primary endpoint of the study.On the other side, some studies have shown that alogliptin and
linagliptin have cardiovascular benefit in patients with type 2 diabetes. For alogliptin, this was indicated by
RCT study (SPEAD-A) which assessed its cardiovascular benefit by measuring the mean common and
maximum intima-media thickness of the carotid artery as a marker for its safety (8). It showed that alogliptin
caused a greater change in the IMT compared to other treatment and concluded that it can have beneficial effect
to diabetic patients’ hearts. Although this trial provides valuable findings, other randomized trials should be
done to assess other markers or outcomes including the incidence of cardiovascular mortality, stroke and other
atherosclerosis related diseases.

V. CONCLUSION
The currently FDA approved DPP-4 inhibitors have not shown to increase cardiovascular adverse events and

they can be considered appropriate options for patients with type Il diabetes. Moreover, saxagliptin should be
evaluated further by restricted randomized controlled trial to assess its risk in regards to hospitalization due to
heart failure.
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