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a b s t r a c t 

Background: The World Health Organization estimates that diabetes is the seventh leading cause of death. 

Uncontrolled diabetes may cause severe consequences such as cardiovascular (CV) events (myocardial in- 

farction, stroke, or CV mortality), lower-extremity amputations, and end-stage renal disease. Microvascu- 

lar complications include retinopathy, autonomic and peripheral neuropathy, nephropathy, and diabetic 

ulcers. Major CV outcomes trials that were by the Food and Drug Administration for all new antihy- 

perglycemia medications for patients at high risk for CV events were recently completed for all 4 US- 

marketed dipeptidyl peptidase-4 (DPP-4) inhibitors. 

Objective: To present a comprehensive review of the clinical trials that evaluate macrovascular and mi- 

crovascular complications reported with DPP-4 inhibitors in patients with type 2 diabetes mellitus. 

Methods: In this review, we analyzed published articles in PubMed and Ovid databases between January 

2008 and September 2019 that evaluated the effect of DPP-4 inhibitors on macrovascular and microvas- 

cular complications in patients with type 2 diabetes mellitus. 

Results: A total of 18 studies, which included randomized controlled trials and meta-analyses were 

assessed. Current evidence demonstrates that the addition of DPP-4 inhibitors to standard antihyper- 

glycemic and CV risk reduction treatment has not shown CV benefit relative to placebo in contrast to 

recently published studies for other medications within the glucagon-like peptide 1 agonist and sodium- 

glucose co-transporter 2 inhibitor classes. Notably, the potential risk for heart failure hospitalizations may 

exist for saxagliptin, and this effect is not extrapolated as a class effect. Based on our review, DPP-4 in- 

hibitors may not influence microvascular complications in patients with diabetes. However, some studies 

have shown that saxagliptin and linagliptin may slow down the progression of albuminuria in patients 

with type 2 diabetes mellitus. The overall quality of the studies included in this review was high due to 

the inclusion of randomized controlled trials and meta-analyses. 

Conclusions: DPP-4 inhibitors were found to have a neutral effect on macrovascular and microvascular 

complications, with the exception of saxagliptin, which may increase the risk for heart failure hospital- 

izations. 

© 2020 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Recent American Diabetes Association guidelines recommend 

hat the selection of antihyperglycemic therapy includes consid-

ration of the patient’s complications of type 2 diabetes mellitus

T2DM) comorbidities, cardiovascular (CV) and renal risk factors. 1 
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ajor CV outcomes trials that were mandated by the Food and

rug Administration (FDA) for all new antihyperglycemia medica-

ions in patients at high risk for CV events were recently com-

leted for all 4 US-marketed dipeptidyl peptidase-4 (DPP-4) in-

ibitors. 2 Medications within drug classes such as sodium-glucose

otransporter 2 inhibitors and glucagon-like peptide-1 receptor ag-

nists have shown to improve the incidence of CV death, nonfa-

al myocardial infarction (MI), or nonfatal stroke (3-point major

dverse CV events [MACE]) and/or risk of chronic kidney dis-

ase (CKD) progression. 3–8 There are also case reports of
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Table 1 

Inclusion and exclusion criteria. 

Inclusion criteria Exclusion criteria 

Prospective randomized controlled 

trials 

Narrative reviews, post-hoc 

analyses, subgroup analyses 

Meta analyses of DPP-4 inhibitors 

(quantitative systematic reviews) 

Qualitative systematic reviews, 

combination qualitative 

systematic reviews and 

meta-analysis, meta-analysis 

that include other classes of 

antihyperglycemic medications 

Phase III, IV clinical trials Phase I, II or in-vitro studies 

RCT looking at these outcomes: 

cardiovascular (3- and 4-point 

MACE) nephropathy, neuropathy, 

retinopathy, diabetic foot ulcer, 

amputation 

• Definition of clinical nephropathy 

includes change of eGFR, change in 

urinary albumin, and/or percentage 

of patients progressing to ESRD 

• Definition of clinical diabetic foot 

ulcer and amputation includes 

markers of wound healing 

Outcomes of glycemic efficacy, 

other outcomes not listed under 

inclusion criteria 

Treatment arm containing any of US 

marketed DPP-4 inhibitors 

Biomarkers of disease (secondary 

markers of disease) 

DPP-4 = dipeptidyl peptidase-4; eGFR = estimated glomerular filtration rate; 

ESRD = end-stage renal disease; MACE = major adverse cardiovascular events; 

RCT = randomized controlled trials. 
ntihyperglycemia drugs causing microvascular complications that

ed to changes to FDA labeling to include risk of amputations for

anagliflozin. 9 

DPP-4 inhibitors are a class of oral glucose-lowering drugs

hat dependently increase insulin secretion and lower glucagon

ecretion. In the United States, there are 4 FDA-approved DPP-4

nhibitors: sitagliptin, saxagliptin, linagliptin, and alogliptin. This

lass of medications has a favorable profile of being weight-neutral

ith minimal hypoglycemia risk. Publications about sitagliptin,

axagliptin, and alogliptin have evaluated the CV safety in previ-

us prospective randomized controlled trials (RCTs). Recently, re-

ults of 2 new trials were published evaluating the CV safety of

inagliptin. 15,16 

The purpose of this article is to present a comprehensive review

f the clinical trials that evaluate macrovascular and microvascu-

ar complications reported with DPP-4 inhibitors in patients with

2DM. 

ethods 

tudy design 

This systematic review was performed according to the recom-

endations from the Preferred Reporting Items for Systematic Re-

iew and Meta-analysis statement. 10 The study was registered with

ROSPERO, the prospective international register of systematic re-

iews. 

ligibility criteria 

Studies were considered relevant if they were RCTs or meta-

nalyses, and 1 treatment arm had received a DPP-4 inhibitor and

f outcomes evaluated the effect of DPP-4 inhibitors on macrovas-

ular or microvascular complications of T2DM. Studies were ex-

luded if outcomes studied secondary biomarkers of diseases with

he exception of nephropathy, in vitro studies, Phase I and II clin-

cal trials, meta-analyses that included other classes of antihy-

erglycemic medications, systematic reviews, combined systematic

eviews and meta-analyses, and post hoc analysis of baseline char-

cteristics and outcomes (see Table 1 ). 

utcome measures 

The primary outcome was to determine the effect of DPP-4

nhibitors on macrovascular and microvascular complications of

2DM. Macrovascular complications were identified as a compos-

te of CV outcomes (3-point and 4-point MACE) and hospitaliza-

ion for heart failure (HF). Three-point MACE is defined as a com-

osite of nonfatal stroke, nonfatal MI, and CV death. Four-point

ACE is defined as a composite of nonfatal stroke, nonfatal MI,

V death, and hospitalization for unstable angina. Microvascular

omplications and related conditions were identified as retinopa-

hy, nephropathy, the presence of albuminuria, neuropathy, dia-

etic ulcers, and amputations. Other outcomes include evaluating

he effect of DPP-4 inhibitors on biomarkers of nephropathy, such

s changes in estimated glomerular filtration rate (eGFR) and uri-

ary albumin creatinine ratio (UACR) from baseline, and on com-

osite renal outcomes. 

tudy selection 

Four investigators (CL, OT, Danyang Zhou, Carrie Respondek)

erformed a literature search of PubMed and Ovid between Jan-

ary 2008 to September 2019 using the terms DPP-4 inhibitors

r Dipeptidyl Peptidase-4 Inhibitors or sitagliptin or saxagliptin or

logliptin or linagliptin combined with cardiovascular outcomes or
icrovascular complications or retinopathy or nephropathy or al-

uminuria or neuropathy or diabetic ulcer or amputation . Articles

ere further limited to the English language, human studies, meta-

nalyses, and Phase III and IV RCTs. Any disagreements on study el-

gibility were resolved by the 2 primary investigators (CL and OT)

see the Figure 1 ). 

ata collection 

Due to the different outcomes assessed in each trial and the

eterogeneity of the population, a formal meta-analysis of the in-

luded studies was not performed. A descriptive analysis of the

ata was provided in the form of a systematic qualitative re-

iew. The following data points were extracted: study design, study

ize, study duration, treatment arms, and primary and secondary

utcomes. The risk of bias was assessed using the Cochrane risk-

f-bias tool for randomized controlled trials (see Table 2 ). 11 

esults 

A total of 627 titles and abstracts were screened, and a to-

al of 35 studies were identified for a full review. Eighteen stud-

es met the inclusion criteria (see the Figure 1 ). Common reasons

or exclusion were qualitative systematic reviews, a combination of

eta-analyses and systematic reviews, Phase I and II clinical tri-

ls, post hoc analysis of baseline characteristics and/or outcomes,

nd studies with outcomes evaluating biomarkers for progression

f the disease except for nephropathy. Common treatment arms in

CTs were DPP-4 inhibitors versus placebo, DPP-4 inhibitors versus

ulfonylurea, and DPP-4 inhibitors versus glucagon-like peptide-1

gonists. The outcomes of interest explored the effect of DPP-4 in-

ibitors on macrovascular or microvascular complications of T2DM.

n excellent interobserver agreement was observed in the final se-

ection of included studies. 

ardiovascular outcomes 

A total of 54 titles and abstracts were screened for CV com-

lications and 13 studies were identified for a full review. Eleven
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Figure 1. Study screening and selection. 
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tudies met the inclusion criteria. Therefore, 6 meta-analyses, and

 prospective RCTs have described the CV safety and efficacy of

PP-4 inhibitors ( Table 3 ). 

rospective RCTs 

All 4 of the US-marketed DPP-4 inhibitors have completed ran-

omized MACE trials mandated by the FDA to assess CV safety

ith respect to placebo. 

logliptin. A prospective, double-blind, noninferiority, randomized, 

lacebo-controlled, Phase IV trial, Alogliptin after Acute Coronary

yndrome in Patients with Type 2 Diabetes (EXAMINE), evaluated

he rates of major adverse CV events in patients with T2DM at very

igh CV risk who had a recent acute coronary syndrome. Patients

ere randomized to receive alogliptin 6.25 to 25 mg based on re-

al function versus placebo in addition to standard of care for CV

isk factors and treatment for T2DM. Baseline characteristics were

imilar between the 2 groups; the mean duration of T2DM was

.3 years in the placebo and 7.1 years in the treatment group, re-

pectively. Recent acute coronary syndromes were defined as MI or

nstable angina requiring hospitalization within 15 to 90 days be-

ore randomization. This trial demonstrates similar rates of major

V events with alogliptin to that of placebo for the primary end

oint of 3-point MACE (11.3% vs 11.8%, respectively; P < 0.0 0 01

or noninferiority). The principal secondary end point for alogliptin

as the primary composite end point with the addition of urgent

evascularization due to unstable angina within 24 hours after hos-

italization (12.7% vs 13.4%, respectively; hazard ratio [HR], 0.95;
he upper boundary of repeated 1-sided CI, 1.14). This trial demon-

trates that in patients at very high risk of CV disease, rates of

ajor adverse CV events were neither significantly increased or

ecreased with alogliptin compared with placebo. Rates of hospi-

alizations for HF were not evaluated in the a priori analysis of the

rial, and thus not included in this systematic review. 12 

axagliptin. A multicenter, randomized, double-blind, placebo- 

ontrolled, Phase IV trial, Saxagliptin and Cardiovascular Outcomes

n Patients with Type 2 Diabetes Mellitus (SAVOR-TIMI 53), eval-

ated the safety and efficacy of DPP-4 inhibition with saxagliptin

ersus placebo on MACE in patients with T2DM who had a his-

ory of or were at risk for CV events. Patients were randomized

o saxagliptin 2.5 to 5 mg renally adjusted based on eGFR ver-

us placebo in a 1:1 ratio in addition to background therapy for

he treatment of T2DM and CV risk factors. Baseline characteris-

ics were similar between the 2 groups, with 78.4% of patients in

he placebo and 78.7% of patients in the saxagliptin group having

ad established CV disease. Patients at risk of CV events included

en aged 55 years or older or women aged 60 years or older with

t least 1 of the following: dyslipidemia, hypertension, or active

moking. The study demonstrated that for the primary outcome of

-point MACE the addition of saxagliptin compared with placebo

o standard of care treatment for T2DM and CV disease neither re-

uced nor increased the risk of the primary composite end point

f CV death, nonfatal MI, or nonfatal ischemic stroke (7.3% vs 7.2%,

espectively; HR, 1.00; CI, 0.89–1.12; P < 0.001 for noninferiority).

he major secondary end point for saxagliptin versus placebo for a
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v

omposite CV death, MI, stroke, hospitalization for unstable angina,

oronary revascularization, or HF was 12.8% versus 12.4%, respec-

ively ( P = 0.66). Notably, a statistically significant finding demon-

trated that more patients in the saxagliptin group than in the

lacebo group were hospitalized for HF (3.5% vs 2.8%, respectively;

R, 1.27; 95% CI, 1.07–1.51). 13 

itagliptin. A randomized, double-blind, placebo-controlled, event

riven trial, Effect of Sitagliptin on Cardiovascular Outcomes in

ype 2 Diabetes (TECOS), evaluated the safety and efficacy of DPP-

 inhibition with sitagliptin versus placebo in patients with T2DM

nd established CV disease. Patients were randomized to sitagliptin

0 to 100 mg based on renal function versus placebo in a 1:1

atio in addition to background therapy for T2DM and CV dis-

ase. Baseline characteristics were similar between the 2 groups,

3.6% of patients in the sitagliptin versus 74.5% of patients in the

lacebo group had established CV disease. For the primary out-

ome of 4-point MACE, the study demonstrated that the addition

f sitagliptin compared with placebo to usual care did not affect

ates of major atherosclerotic CV disease events (11.4% vs 11.6%,

espectively; HR, 0.98; CI 0.89–1.09). The secondary outcome of

-point MACE occurred in 10.2% and 10.2% of patients receiving

itagliptin and placebo, respectively. Additionally, sitagliptin ther-

py compared with placebo was not associated with changes in

ates of hospitalizations for HF (3.1% vs 3.1%, respectively; HR, 1.00;

I, 0.83–1.20). 14 

inagliptin. A randomized, double-blind, active-controlled, nonin-

eriority trial, Effect of Linagliptin vs Glimepiride on Major Ad-

erse Cardiovascular Outcomes in Patients with Type 2 Diabetes:

he CAROLINA Randomized Controlled Trial, evaluated the safety

f DPP-4 inhibition with linagliptin versus glimepiride in patients

ith T2DM and elevated CV risk. Elevated CV risk was defined as

ocumented atherosclerotic CV disease, presence of multiple CV

isk factors, aged at least 70 years, and evidence of microvascular

omplications. Baseline characteristics were similar between the 2

roups, with 42% of enrolled participants diagnosed with CV dis-

ase, and < 5% of patients in both groups having had a prior his-

ory of HF. The study demonstrated that the addition of linagliptin

o standard therapy compared with glimepiride to standard of

are resulted in rates of primary outcome of 3-point MACE that

ere noninferior (11.8% vs 12%, respectively: HR 0.98, CI 0.84-1.14).

he secondary outcome of 4-point MACE occurred in 13.2% versus

3.3% of patients receiving linagliptin, respectively (HR, 0.99; CI,

.86–1.14). The rates for HF hospitalizations were 3.7% and 3.1% for

inagliptin and glimepiride, respectively (HR, 1.21; CI, 0.92–1.59). 15 

A randomized, double-blind, placebo-controlled trial, Effect of

inagliptin vs Placebo on Major Cardiovascular Events in Adults

ith Type 2 Diabetes and High Cardiovascular and Renal Risk: The

ARMELINA Randomized Clinical Trial, evaluated the safety and ef-

cacy of linagliptin versus placebo in patients with T2DM and el-

vated CV and renal risk. High CV risk was defined as a history of

oronary artery disease, stroke, or peripheral vascular disease and

icroalbuminuria or macroalbuminuria, defined as UACR higher

han 30 mg/g or equivalent. High renal risk was defined as eGFR 45

o 75 mL/min/1.73 m 

2 and UACR higher than 200 mg/g or equiva-

ent or eGFR 15 to 45 mL/min/1.73 m 

2 regardless of UACR. Patients

ere randomized to linagliptin 5 mg/d versus placebo in addition

o antihyperglycemic medications and treatment for CV risk fac-

ors. Baseline characteristics were similar between the 2 groups:

7% of patients had CV disease, 75% had kidney disease, and 33%

ad both CV disease and kidney disease. The study demonstrated

hat the addition of linagliptin to patients with CV disease and kid-

ey disease was noninferior to placebo for occurrence of 3-point

ACE when added to standard of care on effects of CV risk (12.4%

s 12.1%, respectively; HR, 1.02; CI, 0.89–1.17). 16 
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Table 3 

Cardiovascular outcomes in randomized controlled trials. 

DPP-4 inhibitor Study (y) Duration 

(median y) 

Arms (n) Primary outcome Primary outcome result 

(intervention vs 

control) 

Secondary outcome Secondary outcome 

result (intervention vs 

control) 

Hospitalization for HF 

(intervention vs 

control) 

Alogliptin EXAMINE 

(2013) 12 

1.5 Alogliptin (2701) 

Placebo (2679) 

Composite of CV death, 

nonfatal MI, or nonfatal 

stroke (3-point MACE) 

11.3% vs 11.8% 

HR, 0.96; upper 

boundary of 1-sided 

repeated CI ≤1.16 

Composite of CV death, 

nonfatal MI or nonfatal 

stroke, urgent 

revascularization due to 

unstable angina within 

24 h after hospital 

admission (4-point 

MACE) 

12.7% vs 13.4% HR, 

0.95; upper boundary 

of 1-sided CI ≤1.14 

N/A 

Saxagliptin SAVOR-TIMI 53 

(2013) 13 

2.1 Saxagliptin (8280) 

Placebo (8212) 

Composite of CV death, 

nonfatal MI, or nonfatal 

stroke (3-point MACE) 

7.3% vs 7.2% 

HR, 1.00, CI 0.89–1.12 

Composite of CV death, 

myocardial infarction, 

stroke, hospitalization 

for unstable angina, 

coronary 

revascularization, or HF 

12.8% and 12.5% 

HR, 1.01, CI, 0.94–1.11 

3.5% vs 2.8% 

HR, 1.27; CI, 

1.07–1.51; P = 0.007 

Sitagliptin TECOS (2015) 14 3.0 Sitagliptin (7332) 

Placebo (7339) 

Composite of CV death, 

nonfatal MI, nonfatal 

stroke, or hospitalization 

for unstable angina 

(4-point MACE) 

11.4% vs 11.6% 

HR, 0.98; CI, 0.89–1.08 

Composite of CV death, 

nonfatal MI, or nonfatal 

stroke (3-point MACE) 

10.% vs 10.2% 

HR, 0.99; CI 0.89–1.10 

3.1% vs 3.1% 

HR, 1.0; CI, 0.83–1.20 

Linagliptin CAROLINA 

(2019) 15 

6.3 Linagliptin (3023) 

Glimepride 

(3010) 

Composite of CV death, 

nonfatal MI, or nonfatal 

stroke (3-point MACE) 

11.8% vs 12% 

HR, 0.98; CI, 0.84–1.14 

Composite of 

cardiovascular death, 

nonfatal myocardial 

infarction, nonfatal 

stroke, or hospitalization 

for unstable angina 

pectoris 

13.2% vs 13.3% 

HR, 0.99; CI, 0.86–1.14 

3.7% vs 3.1% 

HR, 1.21; CI, 0.92–1.59 

CARMELINA 

(2019) 16 

2.2 Linagliptin (3494) 

Placebo (3485) 

Composite of CV death, 

nonfatal MI, or nonfatal 

stroke (3-point MACE) 

12.4% vs 12.1% 

HR, 1.02; CI, 0.89–1.17 

N/A N/A N/A 

CV = cardiovascular; DPP-4 = dipeptidyl peptidase-4; HF = heart failure; HR = hazard ratio; MACE = major adverse cardiovascular events; MI, myocardial infarction; N/A, not available;. 
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eta-analyses 

A total of 6 meta-analyses met the inclusion criteria after

creening. Older studies indicated that DPP-4 inhibitors are either

afe or reduce the risk of MACE, particularly MI and all-cause mor-

ality in patients with T2DM. 17 , 18 A subsequent meta-analysis that

ncluded the data from the SAVOR-TIMI 53 and Alogliptin after

cute Coronary Syndrome in Patients with Type 2 Diabetes (EX-

MINE) trials did not observe any significant differences in the

ooled odds of 3-point MACE with the DPP-4 inhibitors. 20 How-

ver, a meta-analysis exploring the class effect on the risk of HF,

etermined that treatment with DPP-4 inhibitors was associated

ith a statistically increased risk of acute HF (odds ratio, 1.19; CI,

.03–1.37). 20 Further exploring the effect on HF, a meta-analysis

ought to analyze whether a differential effect for each DPP-4 in-

ibitor was present. Use of saxagliptin significantly increased the

isk of HF by 21%, especially among patients with high CV risk,

hereas no signals of such an effect were detected with the other

gents in the DPP-4 inhibitor class. 21 Finally, a meta-analysis found

hat the risk of mortality, CV mortality, MI, or ischemic stroke was

imilar between treatment with DPP-4 inhibitors and placebo. As a

lass, this study found that there is only weak evidence for an in-

reased risk of heart failure. 22 Despite mixed results reported with

rior meta-analysis, the most recent evidence points to a neutral

ffect on MACE with the addition of DPP-4 inhibition to standard

herapy. 

ephropathy. Ten articles were selected to evaluate the effect of

PP-4 inhibitors on nephropathy. Table 4 summarizes each trial’s

linical renal outcome and end points. There was 1 prospective

rial that looked at the effect of alogliptin, 1 for saxagliptin, 4 for

itagliptin, and 4 for linagliptin. 

logliptin. The EXAMINE trial evaluated the mean change in eGFR

rom baseline and rates of initiation of renal replacement ther-

py in patients on alogliptin compared with glimepiride. Base-

ine characteristics were similar between the 2 groups; mean (SD)

GFR was 71.2 mL/min/1.73 m ² and 71.1 mL/min/1.73 m ² in the

reatment group, respectively. Also, the percentage of patients on

 renin-angiotensin-aldosterone blocking agent in the treatment

roup were similar to the placebo group (82.5% vs 81.5%, respec-

ively). Changes in eGFR from baseline were similar regardless of

aseline and rates of initiation of dialysis were similar in the treat-

ent group compared with the placebo group (0.8% vs 0.9%, re-

pectively; P = .88). This study showed that alogliptin did not in-

uence renal function indices with any statistical differences but

as not powered to detect a difference for these end points. 12 

axagliptin. The SAVOR-TIMI 53 trial evaluated the mean change

n eGFR, change from baseline in UACR, and the composite renal

linical outcome (doubling of creatinine level, initiation of dialysis,

enal transplantation, or creatinine > 6 mg/dL). Both the saxagliptin

nd placebo arms were balanced with regard to baseline mean

SD) eGFR (72.5 mL/min/1.73 m [22.6] vs 72.7 mL/min/1.73 m

22.6], respectively) and median UACR (1.8 mg/g vs 1.9 mg/g, re-

pectively), and the number of patients on angiotensin-converting

nzyme inhibitor (28.2% vs 27.6%, respectively; P = 0.09) or an-

iotensin receptor blocker (28.2% vs 27.6%, respectively; P = 0.38).

t the 1-year mark after study initiation, the treatment arm had

 higher incidence of improved UACR compared with the treat-

ent arm (11.8% vs 9.6%, respectively), and saxagliptin continued

o reduce the development and progression of microalbuminuria

y the end of study (10.7% vs 8.7%, respectively). There were no

tatistical differences in doubling of serum creatinine, initiation of

hronic dialysis, renal transplant, or serum creatinine > 6 mg/dL,

nd the composite end point of death between the saxagliptin and

lacebo. This study shows that saxagliptin may reduce or prevent
he progression of microalbuminuria but has no influence on re-

al outcomes of doubling creatinine level, initiating dialysis, renal

ransplantation, or creatinine > 6 mg/dL. 13 

itagliptin. The Efficacy and Safety of Sitagliptin Versus Glipizide in

atients with Type 2 Diabetes and Moderate-to-Severe Chronic Re-

al insufficiency was a multinational, randomized, double-blinded,

arallel-group trial. Study participants had moderate to severe

hronic renal insufficiency (eGFR < 50 mL/min/1.73 m 

2 ). Patients

ere randomized to receive sitagliptin 25 to 50 mg/d based on

GFR versus glipizide 2.5 to 20 mg/d. Baseline characteristics were

imilar between both groups; the mean duration of T2DM was 10.7

ears in the treatment group. Majority of the patients in the treat-

ent and placebo arms had moderate CKD (72.6% vs 74.6%, re-

pectively) compared with patients with severe CKD at baseline

sitagliptin 27.4% vs glipizide 25.4%). There were no differences be-

ween the treatment arm versus the placebo arm in the change

f eGFR from baseline (–3.9 mL/min/1.73 m 

2 vs –3.3 mL/min/1.73

 

2 , respectively), change from baseline in UACR ( + 6.8 mg/g vs

 12.4 mg/g, respectively), and rates of patients developing severe

enal insufficiency. More patients in the sitagliptin arm had mod-

rate CKD at baseline that progressed to severe renal insufficiency

ompared with the placebo arm (18.8% vs 11%, respectively). This

tudy did not show any meaningful differences in changes from

aseline in eGFR and UACR between arms. This study had some

imitations, such as a short treatment duration of 54 weeks, and

id not evaluate other renal outcomes. 23 

An open-label, prospective, randomized study conducted by

ori and colleagues 24 evaluated the effect of sitagliptin on mi-

roalbuminuria in patients with T2DM. The primary outcome of

his study was the change in log UACR at 6 months. Patients were

andomized to receive either sitagliptin 50 mg/d or other oral glu-

ose agents such as metformin, glinide, or alpha-glucosidase in-

ibitor. Baseline characteristics were similar between both arms;

he mean (SD) eGFR for the sitagliptin arm was 77.1 (18.9)

L/min/1.73 m 

2 as compared with the placebo arms of 75.5 (28.1)

L/min/1.73 m 

2 . At 6 months, the treatment group had a signifi-

ant change in log UACR compared with the placebo group (–23.3%

37.3%] vs + 0.8% [192%], respectively; P = .001). The treatment arm

as further divided into 2 subgroups according to the baseline

ACR, patients with a baseline log UACR ≥30 mg/g compared with

hose with a baseline UACR < 30 mg/g. The decrease in log UACR

as significant in both groups, but there were no significant dif-

erences between the 2 subgroups in the percentage change in log

ACR. There was no statistically significant difference between the

ercentage change in eGFR from baseline between the treatment

rm versus placebo arm (–3.7% [8.2] vs –4.8% [1.8], respectively).

his study demonstrated that sitagliptin could reduce UACR excre-

ion in patients with T2DM without CKD. 24 

The TECOS trial also looked at changes from baseline eGFR and

ACR. At baseline, the eGFR (74.9 [21.3] mL/min/1.73 m 

2 vs 74.9

20.9] mL/min/1.73 m 

2 , respectively) and median UACR (10.3 mg/g

s 11.4 mg/g, respectively) were similar between the treatment arm

ersus the placebo arm. Only 9.5% of patients in the treatment

rm had CKD, eGFR < 50 mL/min/1.73 m 

2 , compared with 9.4% of

atients in the placebo arm. Also, the percentages of patients on

enin-angiotensin-aldosterone system blocking agents were similar

etween the treatment arm compared with the placebo arm (78.3%

s 79.2%, respectively). In the trial, change in eGFR from baseline

as greater in the sitagliptin group compared with the placebo

roup (–4 [18.4] mL/min/1.73 m 

2 vs –2.8 [18.3] mL/min/1.73 m 

2 ,

espectively). Unfortunately, Only 26% of patients had UACR data.

mong those with UACR data, the median difference in UACR was

lightly lower for the sitagliptin group (–0.18 mg/g; 95% CI, –0.35 to

0.02; P = 0.031), but the clinical relevance is questionable. The in-

idence of microalbuminuria (7.8% vs 7.9%, respectively) and renal
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Table 4 

Renal markers and outcomes. 

DPP-4 inhibitor Study Duration Arms (n) Renal status Baseline eGFR 

(mL/min/1.73 m ²) 
Change in eGFR 

(mL/min/1.73 m ²) 
( P value) 

Baseline UACR mg/g Change in UACR ( P 

value) (mg/g) 

Renal dialysis Composite renal 

outcomes (HR) 

Sitagliptin Tonneijck L, 

et al. 25 
12 wk Sitagliptin (19) 

Liraglutide (19) 

Placebo (17) 

No CKD Sitagliptin 87 (15) ∗
Placebo 83 (19) ∗

Sitagliptin –6 (95% 

CI, –14 to 3) 

P = 0.169 

Sitagliptin 124.4 

(54.3–463.8) † 
–32 (95% CI, –69 to 

46) 

– –

Mori H, et 

al. 24 
26 wk Sitagliptin (41) 

OGA (44) 

No CKD Sitagliptin 77.1 

(18.9) ∗
OGA 75.5 (28.1) ∗

Sitagliptin –3.7 

(8.2) ∗
OGA –4.8 (39.6) ∗
P = NS 

Sitagliptin 68.9 

(133.4) ∗
OGA 61.4 (154.3) ∗

Sitagliptin 

–36.3 (43.3) ∗
OGA + 1125 (255) ∗
P < 0.001 

– –

Ferreira JCA, 

et al. 23 
54 wk Sitagliptin (211) 

Glipizide (212) 

eGFR < 50 

mL/min/1.73 m ²
35.6 (10.9) ∗ Sitagliptin –3.9 

Glipizide –3.3 

P = NS 

Sitagliptin 107.7 

(170) ∗
Sitagliptin + 6.8 

Glipizide 12.4 

P = NS 

– –

TECOS 14 3.1 y Sitagliptin (7257) 

Placebo (7266) 

No CKD Sitagliptin 74.9 

(21.3) ∗
Placebo 74.9 (20.9) ∗

Sitagliptin –1.34 

(95% CI –1.76 to 

–0.91) P < 0.0 0 01 

Placebo 

Sitagliptin 10.3 (3.5 

to 34.6) † 

Placebo 11.4 (3.6 to 

36.2) † 

Sitagliptin –0.18 

(–0.35 to –0.02) † 

P = 0.031 

– Renal failure 

0.9 

Saxgliptin SAVOR-TIMI 

53 13 
2.1 y Saxagliptin (8280) 

Placebo (8212) 

Included CKD Saxagliptin 72.5 

(22.6) ∗
Placebo 72.7 (22.6) ∗

Saxagliptin –0.13 

P = .5794 

Saxagliptin 1.8 (0.7 

to 7.5) † 

Placebo 1.9 (0.7 to 

7.9) † 

Worsened 

Saxagliptin: 833 

patients (13.3%) 

Placebo: 969 

patients (15.9%) 

No change 

Sitagliptin: 4762 

(76%) 

Placebo: 4594 

patients (75.4%) 

Improved 

Sitagliptin: 670 

patients (10.7%) 

Placebo: 532 

patients (8.7%) 

P < 0.001 

0.9 (0.61 to 

1.32) † 
Doubling of 

creatinine level, 

initiation of 

dialysis, renal 

transplantation, or 

creatinine > 6.0 

mg/dL 

1.08 (95% CI, 0.88 to 

1.32) P = 0.46 

Lingaliptin MARLINA- 

T2D 26 
24 wk Linagliptin (182) 

Placebo (178) 

eGFR ≥30 

mL/min/1.73 m ²) 
UACR 30 to 30 0 0 

Linagliptin 75.4 

(23.9) ∗
Placebo 72.4 (24.4) ∗

None reported Linagliptin 120.8 

(152.9) ∗
Placebo 131.9 

(166.6) ∗

Linagliptin: –5.1% 

(95% CI, –11.4 to 

1.6) 

Placebo: –6% (95% 

CI, –15 to 3) 

P = 0.1954 

– –

Han SY. et 

al. 27 
40 wk Linagliptin (52) 

Gemigliptin (48) 

eGFR 15 to 59 

mL/min/1.73 m 

2 
Linagliptin 32.2 (10) ∗
Gemigliptin 36.1 

(15.2) ∗

Linagliptin –1.85 

(5.09) ∗
Gemigliptin –3.86 

(6.24) ∗
P = 0.078 

Linagliptin 290 (5.60 

to 6718.3) † 

Gemigliptin 473.3 

(4.60 to 7354.4) † 

Linagliptin + 31.6 

(–1538.8 to 

+ 1727.1) † 

Gemigliptin + 9.9 

(–1447.3 to 

+ 4138.8) † 

P = 0.499 

– –

McGill JB. et 

al. 28 
52 wk Linagliptin (68) 

Placebo (65) 

eGFR < 30 

mL/min/1.73 m 

2 
Linagliptin 22.1 

(6.3) ∗
Placebo 25.1 (6.9) ∗

Linagliptin –0.8 

Placebo –2.2 

– – – –

CARMELINA 16 
1.9 y Linagliptin (2494) 

Placebo (3485) 

Moderate to severe 

CKD 

Linagliptin 54.7 

Placebo 54.5 

None reported Linagliptin 162 (43 

to 700) † 

Placebo 162 (44 to 

750) † 

– 1.8% vs 1.8% Sustained ESRD, 

death due to 

kidney function, or 

sustained decrease 

of ≥40% in eGFR 

from baseline 

1.04 (95% CI, 0.89 to 

1.22) P = 0.62 

CKD = chronic kidney disease; DPP-4 = dipeptidyl peptidase-4; eGFR = estimated glomerular filtration rate; ESRD = end-stage renal disease; NS = not significant; OGA = Oral glucose-lowering agents; UACR = urinary albumin-to- 

creatinine ratio . 
∗ Values are presented as mean (SD). 
† Values are presented as median (interquartile range). 
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ailure (1.4% vs 1.5%, respectively) were similar between the treat-

ent compared with the placebo arm. This study showed that the

ddition of sitagliptin in patients with CV disease had a neutral in-

uence on eGFR. 14 

A Phase IV, randomized, double-blinded, placebo-controlled,

ouble-dummy, parallel-group, single-center trial evaluated the re-

al effects of sitagliptin 100 mg/d compared with liraglutide 1.8

g/d, or placebo in obese patients during a 12-week treatment

eriod. The primary end point was a change in GFR from base-

ine. Baseline characteristics were similar among the 3 arms; the

ean (SD) GFR for the placebo arm was 83 mL/min/1.73 m 

2 (19),

he median GFR for the sitagliptin arm was 87 mL/min/1.73 m 

2 

15), and the mean (SD) GFR for liraglutide was 79 mL/min/1.73

 

2 (14). The median duration of T2DM among all 3 groups was

 years (range, 4–12 years). Neither sitagliptin or liraglutide arms

–6 mL/min/1.73 m 

2 ; 95% CI, –14 to 3; P = 0.169 vs + 3 mL/min/1.73

 

2 ; 95% CI, –5 to 11; P = 0.464) had significant changes in GFR

ompared with placebo. The mean difference between sitagliptin

nd placebo was not statistically significant (0.68 mg/mmol; range,

.31–1.46 mg/mmol). This study concluded that neither sitagliptin

or liraglutide sustained changes in renal damages or alterations. 25 

inagliptin. The Efficacy, Safety, Modification of Albuminuria in

ype 2 Diabetes Subjects with Renal Disease with Linagliptin was

 randomized, placebo-controlled, multicenter, Phase IIIb clinical

rial. Study participants had T2DM, glycated hemoglobin levels be-

ween 6.5 and 10%, eGFR ≥30 mL/min/1.73 m 

2 , body-mass index

40 kg/m 

2 , and evidence of renal dysfunction. The definition of

enal dysfunction was albumin/urine range of 30 to 30 0 0 mg/g,

espite being on a renin-angiotensin-aldosterone system inhibitor.

he renal efficacy end point was a time-weighted average of per-

entage change from baseline in UACR over 24 weeks of treat-

ent, and the renal safety end point was the change from base-

ine in eGFR. Patients were randomized to receive either linagliptin

r placebo. Baseline clinical characteristics were similar between

oth arms. Most patients in both arms had microalbuminuria

nd preserved kidney function of eGFR ≥60 mL/min/1.73 m 

2 .

he mean (SD) UACR in the treatment arm was slightly higher

han the placebo arm (120.8 mg/g [152.9] vs 131.9 mg/g [166.6],

espectively). The renal efficacy end point showed a trend to-

ard linagliptin reducing the time-weighted average of percent-

ge change from baseline in UACR over 24 weeks compared with

lacebo (–11% vs –5.1%, respectively). The treatment difference in

he time-weighted percentage change from baseline in UACR was

ot statistically significant (–6%; 95% CI, –15% to 3%; P = 0.1954).

n a post hoc analysis, there was no difference between partici-

ants receiving either a renin-angiotensin-aldosterone system in-

ibitor as therapy. There was no difference in mean change in

GFR between the 2 groups at weeks 6, 12, 18, and 24. Also, there

ere no new cases of end-stage kidney disease occurring during

he study. This study suggested that linagliptin does not influence

idney function in patients with T2DM within 24 weeks of treat-

ent. 26 

The CARMELINA study evaluated renal outcomes, defined as

ime to the first occurrence of a composite of adjudication-

onfirmed end-stage renal disease (ESRD), death due to renal fail-

re, or a sustained decrease of at least 40% in eGFR from baseline,

mong the secondary outcomes. Also, the exploratory renal end

oints included the composite of renal death or ESRD, microvascu-

ar composite outcome that includes albuminuria, sustained ESRD,

ustained decrease of at least 50% in eGFR, death due to renal

ailure, and progression in albuminuria (change from normoal-

uminuria to microalbuminuria/macroalbuminuria or change from

icroalbuminuria to macroalbuminuria). Baseline characteristics

ere similar amongst both arms. The difference in secondary renal

omposite outcome was not statistically significant between the
reatment arm compared with the placebo arm (9.4% vs 8.8%, re-

pectively; HR, 1.04; 95% CI, 0.89–1.22; P = 0.62). The exploratory

omposite renal outcomes, sustained ESRD, death due to renal

ailure, or sustained decrease of > 50% in eGFR from baseline,

lso showed no difference between the linagliptin group compared

ith placebo (6.6% vs 6.5%, respectively; HR, 0.98; 95% CI, 0.82–

.18; P = 0.87]. There was also no difference between groups in

ates of death due to renal failure or sustained ESRD (HR, 0.87; 95%

I, 0.69–1.10; P = 0.24). The treatment arm showed that the pro-

ression of albuminuria category was less often than the placebo

rm (35.5% vs 38.5%, respectively; HR, 0.86; 95% CI, 0.78–0.95;

 = 0.003). This study concluded that linagliptin, when added to

sual care in adults with T2DM and high CV and renal risk, has a

eutral effect on the renal outcomes over a median of 2.2 years. 16 

A randomized, placebo-controlled, double-blinded, Phase IIIb

tudy, Comparative Efficacy and Safety of Gemigliptin versus

inagliptin in Type 2 Diabetes Patient with Renal Impairment: A

0-week extension of the GUARD randomized study, evaluated the

ong-term safety and efficacy of DPP-4 inhibition with linagliptin

ersus gemigliptin in patients with T2DM and moderate or se-

ere renal impairment. Baseline characteristics were similar; 56%

f the patients in the gemigliptin arm had moderate renal im-

airment, and 62% of patients in the linagliptin arm had mod-

rate renal impairment. The median baseline UACR was slightly

igher in the gemigliptin arm compared to the linagliptin arm

473.3 mg/g vs 290 mg/g, respectively). Also, 42% of patients in the

emigliptin arm were on renin-angiotensin-aldosterone system in-

ibitors compared with 39% of patients in the linagliptin arm.

his study evaluated the following renal end points: changes in

GFR and UACR. Between groups, there was no difference in the

ercentage change in UACR in patients with macroalbuminuria.

here was no difference in the change in eGFR (3.86 mL/min/1.73

 

2 vs 1.85 mL/min/1.73 m 

2 , respectively; P = 0.078) or change in

ACR (31.6 mg/g vs 9.9 mg/g; P = 0.499) in both the linagliptin and

emigliptin arms. This study concluded that linagliptin has a neu-

ral effect on eGFR and UACR in patients with T2DM and renal im-

airment. 27 

A randomized, placebo-controlled, double-blinded, Long-Term

fficacy and Safety of Linagliptin in Patients with Type 2 Diabetes

nd Severe Renal Impairment, evaluated the efficacy and safety of

PP-4 inhibition with linagliptin versus placebo in patients with

2DM and severe renal impairment. Baseline characteristics were

imilar between both arms; the mean (SD) eGFR in the linagliptin

rm was 22.1 (6.3) mL/min/1.73 m 

2 , and 25.1 (6.9) mL/min/1.73 m 

2 

n the placebo arm. The mean (SD) difference in baseline eGFR to

he end of treatment therapy was statistically not significant be-

ween linagliptin compared with placebo (–0.8 mL/min/1.73 m 

2 

s –2.2 mL/min/1.73 m 

2 ). Also, there were no new cases of drug-

elated renal failure. This study demonstrated that linagliptin has

 neutral effect on eGFR in patients with T2DM and severe renal

mpairment. 30 

iabetic retinopathy. The effect of sitagliptin on diabetic retinopa-

hy was evaluated in the TECOS trial. In the sitagliptin arm, 3.1%

f patients developed diabetic eye disease and 2.5% in the placebo

roup. Among patients who developed diabetic eye disease, 2.8%

f patients in the sitagliptin arm compared with 2.2% of patients

n the placebo arm developed retinopathy. The incidence of blind-

ess due to diabetes was much smaller in both the sitagliptin and

lacebo arm (0.3% vs 0.3%, respectively). 14 

Only 1 randomized controlled trial was conducted to evaluate

he effect of saxagliptin on retinal microvascular changes. This was

 randomized, double-blind, placebo-controlled, crossover study

onducted for a mean duration of 4 years. Fifty patients were ran-

omized to receive placebo or saxagliptin 5 mg/d for a total treat-

ent duration of 12 weeks. By the end of the study, only 43 pa-
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ients were evaluated. The primary objective was to evaluate the

ffect of saxagliptin on early vascular remodeling and the reti-

al capillary flow. Patients in the saxagliptin arm benefited from

aving a greater reduction in retinal capillary flow from base-

ine to 6 weeks of saxagliptin compared with placebo (288 arbi-

rary unit [13.2] vs placebo 331 artbitrary unit [13.6], respectively;

 = 0.033). 29 

In the CARMELINA trial, investigators looked at various mi-

rovascular outcomes. Among them was the composite ocular end

oint, defined as time to first use of retinal laser-coagulation ther-

py or treatment with intravitreal injection(s) of an antivascular

ndothelial growth factor therapy for diabetic retinopathy or vitre-

us hemorrhage or diabetes-related blindness. There were no dif-

erences between the linagliptin compared with the placebo arm

1% vs 1.4%, respectively; HR, 0.73; 95% CI, 0.47–1.12; P = 0.15). 16 

europathy. There are limited clinical RCTs that evaluated diabetic

europathy in patients taking DPP-4 inhibitors compared with

lacebo. The TECOS trial looked at diabetic neuropathy as addi-

ional clinical events of interest. In the sitagliptin arm, 4.1% of pa-

ients developed diabetic neuropathy compared with the 3.8% in

he placebo arm. This study showed that saxagliptin may have a

eutral impact on the incidence of diabetic neuropathy. 14 

iabetic foot ulcer/amputation. There is very limited clinical evi-

ence to show the beneficial effects of DPP-4 inhibitors on diabetic

oot ulcers or amputation in T2DM. No studies met the inclusion

riteria for this systematic review. 

iscussion 

The selection of antihyperglycemic agents for the treatment of

2DM is based on variables such as efficacy, tolerability, side ef-

ects, risk of hypoglycemia, comorbidities, and clinical outcomes.

he potential of antihyperglycemic complications associated with 

2DM has become an important topic of discussion based on pos-

tive results from several trials. 3–7 

MACE outcome trials were completed as recently as 2019 for

ll 4 US-marketed DPP-4 inhibitors. To date, all randomized con-

rolled MACE trials for this medication class determined that the

ddition of DPP-4 inhibition resulted in rates of major CV out-

omes that were noninferior to placebo or control with HR < 1.3,

 margin set by the FDA concluding noninferiority. The addition

f DPP-4 inhibitors to standard antihyperglycemic and CV risk re-

uction treatment has not shown CV benefit relative to placebo in

ontrast to recently published studies for other medication classes,

lucagon-like peptide-1 agonists and sodium-glucose cotransporter 

 inhibitors. DPP-4 inhibitors are recommended by American Di-

betes Association guidelines as among the first-line options for

atients without established artherosclerotic CV disease, CKD, HF,

nd without indicators of high risk for these comorbidities. 

As many as 50% of patients with T2DM may develop HF. 1 RCTs

hat evaluated the rates of hospitalizations for HF for this class of

edications have shown mixed results. Saxagliptin was found to

e associated with a statistically significant increase in rates for

ospitalizations for HF. However, RCTs for sitagliptin and linagliptin

id not find a significant increase in HF hospitalizations. This out-

ome was not evaluated in the a priori analysis for alogliptin; a

ost hoc analysis demonstrated no significantly increased risk. 30 

he American Diabetes Association guidelines state that potential

isk for HF may exist with saxagliptin, but do not extrapolate this

isk as a class effect. 1 

Earlier meta-analyses indicated that DPP-4 inhibitors are either

afe from the CV standpoint or reduce risk of CV events. 17 , 18 How-

ver, as more published data became available, a subsequent meta-

nalysis no longer observed a benefit but maintained that no sig-
ificant differences were found on CV outcomes. 19 A meta-analysis

pecifically exploring the effect of DPP-4 inhibitors on HF found

hat the addition of DPP-4 inhibition was associated with a statis-

ically significant risk of acute HF. 20 Furthermore, a meta-analysis

xploring the differential effect on HF for individual DPP-4 in-

ibitors found that use of saxagliptin among the class resulted in

n increased risk of HF. 21 The most recent meta-analysis included

n this review determined that risk of CV outcomes was similar

etween treatment with DPP-4 inhibitors and placebo, with weak

vidence for increased risk of HF. 22 These divergent results can

ikely be attributed to the heterogeneity of patient populations in-

luded in these meta-analyses as more published data becomes

vailable for the pooled analyses. Additional meta-analyses that

ould include the most recently published data from CAROLINA

nd CARMELINA trials are desirable to add to the current body of

vidence. 

This systematic review found that specific DPP-4 inhibitors may

ave some beneficial effects on renal outcomes, mainly by re-

ucing albuminuria compared with placebo or other antidiabetic

rugs. Among the largest and longest studies was the SAVOR-TIMI

3 trial, which demonstrated beneficial renal effects of saxagliptin

y reducing the development and progression of microalbumin-

ria. 13 A further exploratory study showed that saxagliptin was

ssociated with improving and/or preventing albuminuria in pa-

ients with normoalbuminuria, microalbuminuria, and macroalbu- 

inuria. 31 This study was excluded from our systematic review

ue to the nature of the study, but is noteworthy for further dis-

ussion. The CARMELINA trial also showed that linagliptin might

low down the progression of patients with microalbuminuria to

linical proteinuria or slow down the change from normoalbumin-

ria to either microalbuminuria or clinical proteinuria. The limita-

ion of these studies was that they only looked at surrogate end

oints such as change in eGFR and UACR. It is difficult to assess

f DPP-4 inhibitors have a positive impact on renal outcome. Also,

ost of these studies, except the SAVOR-TIMI 53 trial, did not eval-

ate composite renal outcomes (initiation of dialysis or death due

o renal disease) in their statistical analysis. Compared with the

enal benefits reported with liraglutide, dulaglutide, empagliflozin,

nd canagliflozin, DPP-4 inhibitors should not be selected to im-

rove diabetic nephropathy. 3–6 

As of right now, there are promising preclinical animal results

egarding DPP-4 inhibitors having a benefit on the diabetic mi-

rovascular disease but limited clinical human trials. No trials eval-

ated in this review showed statistically significant prevention or

elay in the progression of diabetic retinopathy, or neuropathy in

atients with T2DM. We are unable to comment on the effect of

PP-4 inhibitors on diabetic foot wound healing. Based on these

rials, we can conclude that DPP-4 inhibitors have a neutral effect

n microvascular complications in patients with T2DM. 

Our analysis has several limitations. This review is limited by

nconsistent reporting of outcomes, specifically in trials evaluating

etinopathy and nephropathy. A strength of this systematic review

as the utilization of 4 independent reviewers and the develop-

ent of a protocol that included objective inclusion and exclusion

riteria. This, to our knowledge, is the first systematic review that

valuates the influence of all DPP-4 inhibitors on macrovascular

nd microvascular complications related to T2DM. 

onclusions 

Our systematic review demonstrated that DPP-4 inhibitors have

o cardioprotective effect, but saxagliptin has a potential risk for

F hospitalizations. This class of drugs has no renoprotective ef-

ect; however, saxagliptin and linagliptin may reduce the risk of

rogression of albuminuria. Additionally, there is suggestion that

PP-4 inhibitors may decrease the risk of retinopathy, neuropathy,



10 O.M. Taylor and C. Lam / Current Therapeutic Research 93 (2020) 100596 

d  

a  

l

D

 

e

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2  

 

 

 

2  

 

2  

 

 

 

2  

 

 

 

2  

 

 

 

 

 

2  

 

 

2  

 

3  

 

 

 

 

iabetic foot ulcers, and/or amputations. DPP-4 inhibitors are an

ttractive option for patients with no cardiovascular disease with a

ow influence on microvascular complications of T2DM. 
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