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Abstract

BACKGROUND

Since adverse events during treatment affect adherence and subsequent glycemic
control, understanding the safety profile of oral anti-diabetic drugs is imperative
for type 2 diabetes mellitus (T2DM) therapy.

AIM
To evaluate the risk of infection in patients with T2DM treated with dipeptidyl-
peptidase 4 (DPP-4) inhibitors.

METHODS

Electronic databases were searched. The selection criteria included randomized
controlled trials focused on cardiovascular outcomes. In these studies, the effects
of DPP-4 inhibitors were directly compared to those of either other active anti-
diabetic treatments or placebo. Six trials involving 53616 patients were deemed
eligible. We calculated aggregate relative risks employing both random-effects
and fixed-effects approaches, contingent upon the context.

RESULTS

The application of DPP-4 inhibitors showed no significant link to the overall
infection risk [0.98 (0.95, 1.02)] or the risk of serious infections [0.96 (0.85, 1.08)],
additionally, no significant associations were found with opportunistic infections
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[0.69 (0.46, 1.04)], site-specific infections [respiratory infection 0.99 (0.96, 1.03), urinary tract infections 1.02 (0.95,
1.10), abdominal and gastrointestinal infections 1.02 (0.83, 1.25), skin structure and soft tissue infections 0.81 (0.60,
1.09), bone infections 0.96 (0.68, 1.36), and bloodstream infections 0.97 (0.80, 1.18)].

CONCLUSION
This meta-analysis of data from cardiovascular outcome trials revealed no heightened infection risk in patients
undergoing DPP-4 inhibitor therapy compared to control cohorts.

Key Words: Dipeptidyl peptidase-4 inhibitors; Type 2 diabetes mellitus; Overall infection; Site-specific infections; Meta-
analysis
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Core Tip: This meta-analysis revealed no significant correlation between dipeptidyl peptidase-4 (DPP-4) inhibitor usage and
the risk of overall, serious, opportunistic, or site-specific infections in patients with type 2 diabetes participating in
cardiovascular outcome trials. These findings suggest that DPP-4 inhibitors do not pose a heightened risk of infections
compared to other treatments used for these patients. However, further long-term studies and real-world surveillance are
warranted to examine the broader implications of DPP-4 inhibitors therapy on infection susceptibility in clinical settings.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is an epidemic and a progressive ailment marked by deteriorating glycemic control.
Approximately half of T2DM patients fail to achieve adequate glycemic management, and adverse events, are significant
factors contributing to treatment discontinuation[1]. Consequently, comprehending the safety profile of oral anti-diabetic
drugs remains pivotal in T2DM therapy, as adverse effects encountered during treatment can detrimentally affect
adherence and subsequent glycemic control.

Dipeptidyl-peptidase 4 (DPP-4) inhibitors enhance blood glucose regulation by elevating circulating glucagon-like
peptide-1 (GLP-1) levels[2]. GLP-1 prompts insulin secretion, thus curbing glucagon release, appeasing appetite, and
retarding gastric emptying. Given their safety benefits and favorable reception among patients, DPP-4 inhibitors are
widely used in clinical practice[3]. Beyond its role in inactivating incretin hormones, DPP-4 also participates in various
biological processes due to its presence on diverse cell surfaces, where it potentially impacts immune function[4]. DPP4
inhibitors have been observed to dampen T cell proliferation and proinflammatory cytokine production, with lower
levels of these factors correlating with increased infection severity[5]. As a result, attention has been paid to the
relationship between DPP4 inhibitors and infection[1]. Additionally, the risk and prevalence of various infections are
increased in diabetic patients because of their compromised immune responses[6]. Both innate and adaptive immune
systems are affected in patients with uncontrolled diabetes[7], potentially increasing their vulnerability to various
infections, including those of the urinary tract; dermal layers; and respiratory systems, such as pneumonia[8-10]. It is
unclear whether the use of DPP4 inhibitors increases this risk.

Previous investigations have suggested that the use of DPP4 inhibitors use might increase the risk of nasopharyngeal
inflammation and urinary tract infections[11-13], although contradictory findings have been reported[14,15]. Notably, a
2022 cross-sectional analysis of patients with T2DM with advanced chronic kidney disease (CKD) or end-stage kidney
disease (ESKD) indicated a higher incidence of sepsis and infection-linked mortality in those treated with DPP-4
inhibitors than those treated with GLP-1 receptor agonists[13]. Nevertheless, the relationship between DPP4 inhibitors
and infection risk remains controversial. To date, only one meta-analysis has presented overall infection risk estimates in
patients undergoing DPP-4 inhibitors therapy, which indicated the overall risk of infections of DPP-4 inhibitors was not
increased compared with control groups[16]. However, this meta-analysis included only approximately 30000 individuals
and did not incorporate cardiovascular outcome trials (CVOTs). Combining data from CVOTs involving same class
molecules in a meta-analysis can bolster statistical power, enabling the detection of subtle inter-group disparities.
Importantly, most CVOTs have large sample sizes[17]. Moreover, previous studies of site-specific infections remain
limited, as most studies have focused primarily on respiratory and urinary tract infections.

Consequently, the goal of this meta-analysis was to evaluate the potential infection risks, including overall infection
risk and the risk of serious, opportunistic, and site-specific infections, associated with DPP-4 inhibitors treatment in
patients with T2DM participating in CVOTs.
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MATERIALS AND METHODS

This systematic examination and meta-analysis followed stringent protocols, was registered under the International
Prospective Register of Systematic Reviews (CRD42023411108). Additionally, it adhered to the PRISMA directives[18].
The need for an ethical review and informed consent was waived given the study's exclusive reliance on secondary data
from previous research.

Study sources and search strategy

We conducted extensive searches of several databases, including PubMed, Web of Science, Embase, Cochrane Library,
and clinical trial registries (ClinicalTrials.gov), encompassing records from inception to April 1, 2023. References within
relevant systematic reviews were examined, and manual scouting of gray literature was carried out in clinical trial
databases. The literature review was independently executed by two reviewers (Yang N and Liu P) following specified
search methodologies (Supplementary Table 1). Subsequently, two reviewers (Yang N and Liu P) independently id-
entified eligible studies based on predefined inclusion and exclusion criteria (Supplementary Table 2). For inclusion, the
studies had to be randomized controlled CVOTs that directly compared adults with T2DM who were administered DPP-
4 inhibitors alongside those administered placebos or an active antidiabetic medication. Research involving pregnant
females and subjects pre-treated with DPP-4 inhibitors or GLP-1 receptor agonists prior to the trial were excluded.
Moreover, studies utilizing fixed-dose co-formulations of DPP4 inhibitors combined with other prevalent drugs were
excluded to negate the influence of the additional medications. Any disparities were resolved through consensus by a
third impartial investigator.

Outcome definitions

The primary outcome of this analysis was overall infections, indicating all types of infections. Secondary outcomes
consisted of: (1) Severe infections, with varying definitions per study, mainly encompassing infections leading to hospital-
ization, intravenous antibiotic use, or mortality; (2) opportunistic infections, such as tuberculosis, JC virus, Nocardia,
cytomegalovirus, Epstein-Barr virus, candidiasis of the mouth or esophagus, infections from varicella-zoster, herpes
zoster, Pneumocystis jirovecii, Histoplasma capsulatum, Legionella pneumonia, herpes simplex, and other unspecified
opportunistic infections; and (3) infections specific to sites such as the respiratory system, urinary tract, abdomen and
gastrointestinal tract, skin structures and soft tissues, bones, and bloodstream (Supplementary Table 3 for infection
definitions).

Data extraction and assessment of data quality

Information was collated from articles in the public domain and their accompanying supplementary materials. The
extracted data included the trial name; year of publication; number of patients; duration of treatments; population charac-
teristics; DPP4 inhibitors administered, comparator drugs administered; and the demographic details of the study
subjects, including their age, sex, body mass index (BMI), and levels of glycated hemoglobin (HbAlc). In addition, public
repositories (e.g., ClinicalTrials.gov), conference abstracts, study protocols, and clinical study reports were used as
supplementary information sources to facilitate data extraction.

The likelihood of bias in the included studies was assessed using the updated Cochrane risk-of-bias instrument for
randomized trials[19]. This task was independently carried out by two assessors (Yang N and He LY), with any
disagreements settled by engaging a third evaluator. Evidence certainty for every reported outcome was gauged via the
GRADE system[20], which accounts for factors such as bias risk, inaccuracy, variability, lack of directness, and
publication bias within the studies considered. We evaluated publication bias visually by employing funnel plots and
statistically through the application of Egger’s test.

Data synthesis and analysis

We computed the combined relative risks and their corresponding 95% confidence interval (CI) utilizing either random-
effects or fixed-effects models. We assessed statistical variation via Q-tests and the I? index[21]. Mantel-Haenszel
techniques and fixed-effects models were employed in instances of negligible heterogeneity instances (Q-tests, P > 0.05; I*
< 50%). Conversely, random-effects models were employed in cases of notable heterogeneity. To conduct sensitivity
analyses, we systematically excluded trials individually, disregarded studies that used alternative anti-diabetic medi-
cations as comparators, and eliminated various types of DPP4 inhibitors in isolation. All statistical analyses were
executed utilizing Stata v.15.0, and R v.4.2.1 and statistical significance was determined as P < 0.05.

RESULTS

Study selection and characteristics of included studies

We included 6 CVOTs involving 53616 patients (Figure 1). The characteristics of the studies and their participants
included in the meta-analysis are presented in Table 1[22-27]. The participants had an average age of 64.6 years, and
33.1% (n = 17738) were female. The mean BMI was 30.6 kg/m? and the mean HbAlc level was 7.7%. Supplementary
Table 4 illustrates the potential bias within the studies included in the analysis. The majority of the studies displayed
minimal to moderate levels of bias within the five domains evaluated (Supplementary Table 4).
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Table 1 Characteristics of studies and participants in meta-analysis

0 -
No. of Treatment Mean No.(%) Mean Mean DPP-4

Trials . . Population age of BMI HbA1c inhibitors Comparators
patients  duration A 1o
(yr) females (kg/m?) (%) treatment

EXAMINE (2013) 5380 18 months T2DM with OAD; with 61 1729 (32.1) 287 8.0 Alogliptin 25 Placebo
(NCT00968708)[22] acute coronary mg

syndrome
SAVOR-TIMI 53 16492 21yr T2DM with established ~ 65.1 5455 (33.1) 31.1 8.0 Saxagliptin 5 Placebo
(2013) CVD or multiple risk mg
(NCT01107886)[23] factors for vascular

disease
TECOS (2015) 14540 3yr T2DM with established ~ 65.4 4297 (29.3) 30.2 7.2 Sitagliptin 100  Placebo
(NCT00790205)[24] CVD; with one or two mg

OAD; aged 250 yr
MK-3102-018 (2017) 4192 96 wk T2DM with a history of ~ 63.7 1254 (29.8) 31.3 8.0 Omarigliptin 25 Placebo
(NCT01703208)[25] established CVD; aged > mg

40 yr
CARMELINA 6979 22yr T2DM with inadequate ~ 65.8 2589 (37.1) 314 7.9 Linagliptin 5 Placebo
(2018) glycemic control; with mg
(NCT01897532)[27] high CV and renal risk
CAROLINA (2019) 6033 6.3 yr T2D with high 64 2414 (40.0) 30.1 7.2 Linagliptin 5 Glimepiride
(NCT01243424)[26] cardiovascular risk mg

BMI: Body mass index; DPP-4: Dipeptidyl-peptidase-4; OAD: Oral antidiabetic drugs; CVD: Cardiovascular disease; CV: Cardiovascular; HbAlc:
Hemoglobin.

12354 Records identified through
literature database searching
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6138 Records after duplicates removed

Y

1207 Records after titles and abstracts screened

1154 Full text articles excluded:

272 Comparison between different DPP-4 inhibitors or
DPP-4 inhibitors v GLP-1 receptor agonists

84 Crossover study designs

98 Participants with T1DM or GDM

154 Co-formulation of fixed dose combinations of
DPP4 inhibitors with other agents

546 Non-CVOTs

47 Without information about infection

Y

6 studies met all inclusion criteria and were included

Figure 1 PRISMA flow diagram. DPP-4: Dipeptidyl peptidase-4; GDM: Gestational diabetes mellitus; GIP-1: Glucagon-like peptide-1; CVOTs: Cardiovascular
outcome trials; T1DM: Type 1 diabetes mellitus.

Association of DPP-4 inhibitors with infections

Opverall infections were observed in 27.0% of the treatment group (7648 cases) and 27.3% of the control group (7739 cases).
Employing DPP-4 inhibitors did not correlate with an elevated overall infection acquisition risk [0.98 (0.95, 1.02)]
(Figure 2). Concerning secondary outcomes, DPP-4 inhibitors exhibited no significant associations with the risks of: (1)
Serious infections [0.96 (0.85, 1.08)] (Supplementary Figure 1); (2) opportunistic infections [0.69 (0.46, 1.04)] (Sup-
plementary Figure 2); and or (3) any site-specific infections, including respiratory infections 0.99 (0.96, 1.03) (Figure 3A),
urinary tract infections 1.02 (0.83, 1.25) (Figure 3B), abdominal and gastrointestinal infections 1.02 (0.83, 1.25) (Figure 3C),
skin structures and soft tissue infections 0.81 (0.60, 1.09) (Figure 3D), bone infections 0.96 (0.68, 1.36) (Figure 3E), and
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DPP4 inhibitors Control Weight Weight

Study Events Total Events Total Risk ratio RR 959%0CI (common) (random)
EXAMINE-2013 636 2701 643 2679 _— 0.98 [0.89; 1.08] 8.3% 11.2%
CARMELINA-2018 993 3494 1107 3485 e ! 0.89 [0.83; 0.96] 14.3% 15.8%
CAROLINA -2019 2098 3023 2122 3010 —. 0.98 [0.95; 1.02] 27.4% 26.8%
SAVOR-TIMI 53-2013 2101 8280 2112 8212 . 0.99 [0.94; 1.04] 27.3% 20.9%
TECOS -2015 1344 7266 1297 7274 —+— 1.04 [0.97;1.11] 16.7% 16.4%
MK-3102-018-2017 476 2092 458 2100 ; 1.04 [0.93;1.17] 5.9% 8.9%

i
Common effect model 26856 26760 ‘- 0.98 [0.96; 1.01] 100.0% -

|
Random effects model e 0.98 [0.95; 1.02] - 100.0%
Heterogeneity: /2 = 50%, ¥ = 0.0012, P = 0.07 ' !

0.9 1 1.4

Figure 2 Risk of overall infections for dipeptidyl peptidase-4 inhibitors treatment vs control. DPP-4: Dipeptidyl peptidase-4.

bloodstream infections 0.97 (0.80, 1.18)] (Figure 3F).

Sensitivity analyses

To execute sensitivity analyses, we excluded eligible trials individually while consistently obtaining estimates that
aligned with the primary analyses of infection-related outcomes (Supplementary Figure 3). Furthermore, after excluding
two studies of linagliptin, we observed no alterations in the outcomes (Supplementary Figure 3). Additionally, we
excluded studies employing alternative anti-diabetic drugs as controls, demonstrating that DPP4i remained unassociated
with infection (Supplementary Figure 3).

Publication bias assessment

No indication of publication bias was found across studies assessing overall infection (P = 0.920), severe infection (P =
0.363), opportunistic infection (P = 0.286), or any site-specific infection (respiratory infection, P = 0.140; urinary tract
infections, P = 0.932; abdominal and gastrointestinal infections, P = 0.952; skin structure and soft tissue infections, P =
0.845; bone infections, P = 0.212; bloodstream infection, P = 0.677), based on the Egger test. Moreover, funnel plots
displayed no visual evidence of publication bias (Supplementary Figure 4).

DISCUSSION

Our meta-analysis entailed a thorough appraisal of the infection risks linked to the administration of DPP-4 inhibitors for
the treatment of T2DM, involving a patient cohort numbering 53616. Our meta-analysis results decisively indicated that
DPP-4 inhibitors treatment does not confer a significantly increased overall risk of infections, serious infections,
opportunistic infections, or site-specific infections (including respiratory, urinary tract, abdominal, and gastrointestinal
infections, skin structure and soft tissue infections, bone infections, and bloodstream infections). These conclusions hold
some significance for the clinical application of DPP4 inhibitors, in that clinicians may be more confident in prescribing
them to patients who are concerned about infection risks, especially those who have a high risk of cardiovascular events.

CD26/DPP-4, a membrane-bound glycoprotein prevalent across diverse immunocyte populations, including
lymphocytes, plays a crucial role in regulating immune signaling processes, often linked to adenosine deaminase
interactions[15]. CD26/DPP-4 exists as both membrane-bound and soluble forms, with the latter released into the
circulation, potentially reaching diverse organs and tissues. In addition to influencing incretin hormones, DPP-4 interacts
with various substrates, including cytokines and chemokines, thus impacting the body’s innate immune response and
inflammatory processes. Pathophysiological investigations have suggested that CD26 inhibition may disrupt responses to
severe infections. Consequently, concerns have arisen regarding the potential increase in infection occurrence owing to
the use of DPP-4 inhibitors. However, only one meta-analysis has been directed at appraising the comprehensive
infection risk associated with DPP-4 inhibitors treatment[16], with limited attention paid to site-specific infections beyond
the respiratory and urinary contexts. Furthermore, prior meta-analyses were hampered by relatively small sample sizes
and the lack of inclusion of CVOTs. To address these gaps, we conducted an extensive meta-analysis focusing on
infection risk among individuals with T2DM undergoing DPP-4 inhibitors therapy within the CVOT context. Our
comprehensive analysis demonstrated that treatment with DPP-4 inhibitors does not significantly increase the risk of
overall, serious, opportunistic, or site-specific infections.

Prior investigations have examined the impact of DPP4 inhibitors on overall infection rates. Importantly, an embedded
case-control investigation utilizing the WHO's database Vigibase found an uptick in infection reports post-commercial-
ization linked to the usage of DPP-4 inhibitors[28]. A previous meta-analysis from 2008 revealed a significant increase in
the number of general infections following treatment with sitagliptin, in contrast to vildagliptin, which showed no
marked increase[29]. A cross-sectional analysis of patients with T2DM with stage 5 CKD or ESKD, who were on DPP-4
inhibitors, noted an upsurge in mortality related to sepsis and infections when compared to those treated with GLP-1
receptor agonists[13]. Nevertheless, the relationship between DPP4 inhibitors and infection risk remains contentious, as
certain meta-analyses align with our findings of no elevated risk of overall infections due to DPP4 inhibitors use. A 2012
meta-analysis reported an overall risk ratio of 0.98 (with 95%CI 0.93 to 1.15) for infections and infestations when
comparing the totality of DPP-4 inhibitors against placebo[12]. Additionally, a meta-analysis evaluating alogliptin
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Figure 3 Risk of site-specific infections for dipeptidyl peptidase-4 inhibitors treatment vs control. A: Respiratory infections; B: Urinary tract
infections; C: Abdominal and gastrointestinal infections; D: Skin structure and soft tissue infections; E: Bone infections; F: Bloodstream infection. DPP-4: Dipeptidyl
peptidase-4.

demonstrated no significant infection risk difference compared to controls[30]. Although our study suggested that DPP4
inhibitors usage did not increase the risk of infection, it remains plausible that distinct DPP4 inhibitors variations exert
varying effects on infections, potentially impacting specific populations, particularly those with CKD. Further studies are
important to confirm the risk mitigation aspects of DPP-4 inhibitors and to ascertain whether certain populations exhibit
different risks of infection.

However, research regarding the relationship between DPP4 inhibitors administration and the risk of infections at
specific sites is currently insufficient. Previous studies have predominantly concentrated on the respiratory and urinary
systems, with a notable dearth of studies involving other specific sites and severe or opportunistic infections. Our study
comprehensively addressed this research gap. Preliminary reports suggest a potential link between the relationship
between DPP-4 inhibitors application and an increased incidence of upper respiratory tract infections (URIs)[31]. URI
symptom prevalence, including pharyngitis, nasopharyngitis, cough, bronchitis, rhinitis, and sinusitis, is up to 11.8% in
some cases[32], with vildagliptin- and saxagliptin-treated patients exhibiting elevated frequencies. Previous meta-
analyses noted an increased risk of infections, including nasopharyngitis, compared to control groups[11,12,29].
Nonetheless, safety evaluations from clinical trials of sitagliptin and vildagliptin demonstrated no elevation in respiratory
infection risk when measured against placebo or comparative control interventions[32-35]. The meta-analysis by
Karagiannis likewise detected no link between the administration of DPP-4 inhibitors and the incidence of
nasopharyngitis or infections of the upper respiratory tract relative to other antihyperglycemic agents in the comparator
cohorts[36]. A recent meta-analysis based on CVOTs echoed our findings, showing no discernible impact of DPP-4
inhibitors on the likelihood of overall RI apart from coronavirus disease 2019[37]. Some studies have even suggested a
potential reduction in pneumonia risk associated with DPP4 inhibitors use. A study from a United Kingdom primary care
database suggested a reduction in pneumonia risk by 30% among patients using DPP-4 inhibitors[38]. Multiple studies
have demonstrated that the utilization of DPP-4 inhibitors does not increase the risk of urinary tract infections compared
to placebo or other control treatments[33,34,36]. In contrast, another meta-analytical examination focusing on sitagliptin
and vildagliptin revealed a heightened risk for urinary tract infections[11]. Although it did not reach statistical
significance, our meta-analysis indicated a slight increase in the risk of urinary tract infections compared to the control
group. Based on the results of our study and previous studies, it is recommended that clinicians using DPP4 inhibitors in
patients with T2DM pay attention to the risk of urinary tract infections. However, limited research has addressed other
specific-site infections, leaving a significant research gap. Consequently, our study comprehensively explored the risks of
serious, opportunistic, and specific-site infections (including abdominal, gastrointestinal, skin, soft tissue, bone, and
bloodstream infections) in relation to DPP-4 inhibitors treatment, ultimately revealing no increased risk. Our research
showed a slight increase in the risk of abdominal and gastrointestinal infections; however, this observation failed to
achieve statistical significance. Since the studies included were not specifically designed to investigate abdominal and
gastrointestinal infections, there may be bias in the event reports; therefore, relevant research is needed to investigate this.

Our meta-analysis has certain limitations. First, by aggregating all DPP-4 inhibitors and infection data, we
acknowledge the possibility of differing effects among different DPP-4 inhibitors owing to their diverse mechanisms of
action. This divergence arises from the use of different DPP-4 inhibitors in various CVOTs. Nevertheless, our sensitivity
analysis, which excluded specific types of DPP-4 inhibitors, consistently revealed no increase in the risk of infection.
Additionally, initial infection statuses were not consistently documented throughout the included studies, which may
have influenced the interpretative validity of the results. Moreover, some studies omitted relevant factors influencing
infection risk, such as the use of immunosuppressive agents. Finally, the included studies were not explicitly designed to
assess infection risk associated with DPP-4 inhibitors use, and the inclusion and exclusion criteria for CVOTs were
typically quite strict, which may limit the applicability of the findings to the general T2DM population.

CONCLUSION

Our comprehensive analysis suggested that DPP-4 inhibitors treatment does not increase the risk of infection when
compared with placebo or active comparators. Nevertheless, evaluation of the long-term effects of DPP4 inhibition on
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infection necessitates studies with an extended duration, accompanied by post-approval surveillance in real-world
clinical scenarios.

ARTICLE HIGHLIGHTS

Research background

Inhibitors of dipeptidyl peptidase-4, also known as dipeptidyl-peptidase 4 (DPP-4) inhibitors, represent a widely adopted
category of oral hypoglycemic medications favored for managing type 2 diabetes mellitus (T2DM), attributable to their
efficacy in reducing blood sugar levels and favorable patient tolerability. However, given the role of DPP-4 in immune
function, understanding the association between DPP-4 inhibitor use and infection risk is crucial for treatment adherence
and long-term glycemic control.

Research motivation

Previous studies have reported conflicting results regarding the infection risk linked to the application of DPP-4
inhibitors in individuals with T2DM. With diabetes patients already at an increased risk for various infections, clarifying
the safety profile of DPP-4 inhibitors in terms of infection risk is essential for informed clinical decision-making.

Research objectives
This meta-analysis aims to assess the risk of overall, serious, opportunistic, and site-specific infections in T2DM patients
treated with DPP-4 inhibitors, using data extracted from cardiovascular outcome trials (CVOTs).

Research methods

A literature search across multiple databases was conducted to identify randomized controlled CVOTs contrasting DPP-4
inhibitors against placebos or operative antidiabetic substances in adult T2DM patients. Cumulative relative risks were
calculated employing both random-effects and fixed-effects frameworks, considering the diversity of the trials included.

Research results

Six trials involving 53616 patients were included. The assessment uncovered that DPP-4 inhibitors' usage did not
markedly escalate the risk of overall, serious, opportunistic, or site-specific infections. This was consistent across various
infection types, including respiratory, urinary tract, abdominal, gastrointestinal, skin, soft tissue, bone, and bloodstream
infections.

Research conclusions
The results suggest that DPP-4 inhibitors do not correlate with a heightened infection risk relative to control groups. This
supports the continued use of DPP-4 inhibitors in T2DM therapy without added concerns for heightened infection risk.

Research perspectives

While the current meta-analysis provides reassurance about the infection risk associated with DPP-4 inhibitors, further
long-term studies and real-world data are essential to thoroughly grasp the consequences of DPP-4 inhibition concerning
infection susceptibility. This will help refine treatment strategies for T2DM patients, particularly those at high risk for
cardiovascular events.
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