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Objective

The safety results of different recommended doses of sodium-glucose cotransporter 2 inhibitors (SGLT-2i) for patients with type 2 diabetes mellitus (T2DM) remain uncertain. This study aims to comprehensively estimate and rank the relative safety outcomes with different doses of SGLT-2i for T2DM.





Methods

PubMed, Embase, the Cochrane Central Register of Controlled Trials, ClinicalTrials.gov, Chinese National Knowledge Infrastructure, WanFang database, and SinoMed database were searched from the inception to 31 May 2023. We included double-blind randomized controlled trials (RCTs) comparing SGLT-2i with placebo or another antihyperglycemic as oral monotherapy in the adults with a diagnosis of T2DM.





Results

Twenty-five RCTs with 12,990 patients randomly assigned to 10 pharmacological interventions and placebo were included. Regarding genital infections (GI), all SGLT-2i, except for ertugliflozin and ipragliflozin, were associated with a higher risk of GI compared to placebo. Empagliflozin 10mg/d (88.2%, odds ratio [OR] 7.90, 95% credible interval [CrI] 3.39 to 22.08) may be the riskiest, followed by empagliflozin 25mg/d (83.4%, OR 7.22, 95%CrI 3.11 to 20.04)) and canagliflozin 300mg/d (70.8%, OR 5.33, 95%CrI 2.25 to 13.83) based on probability rankings. Additionally, dapagliflozin 10mg/d ranked highest for urinary tract infections (UTI, OR 2.11, 95%CrI 1.20 to 3.79, 87.2%), renal impairment (80.7%), and nasopharyngitis (81.6%) when compared to placebo and other treatments. No increased risk of harm was observed with different doses of SGLT-2i regarding hypoglycemia, acute kidney injury, diabetic ketoacidosis, or fracture. Further subgroup analysis by gender revealed no significantly increased risk of UTI. Dapagliflozin 10mg/d (91.9%) and canagliflozin 300mg/d (88.8%) ranked first in the female and male subgroups, respectively, according to the probability rankings for GI.





Conclusion

Current evidence indicated that SGLT-2i did not significantly increase the risk of harm when comparing different doses, except for dapagliflozin 10mg/d, which showed an increased risk of UTI and may be associated with a higher risk of renal impairment and nasopharyngitis. Additionally, compared with placebo and metformin, the risk of GI was notably elevated for empagliflozin 10mg/d, canagliflozin 300mg/d, and dapagliflozin 10mg/d. However, it is important to note that further well-designed RCTs with larger sample sizes are necessary to verify and optimize the current body of evidence.





Systematic Review Registration

https://www.crd.york.ac.uk/PROSPERO/, identifier CRD42023396023.
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1 Introduction

Type 2 diabetes mellitus (T2DM) is a chronic disease that results from a combination of insulin resistance and insulin deficiency caused by progressive beta-cell failure. It is associated with both microvascular and macrovascular complications, causing significant psychological and physical distress for patients and carers while placing a substantial burden on healthcare systems (1). According to the International Diabetes Federation, in 2021, 537 million adults were estimated with diabetes worldwide, with China accounting for approximately 26% of this total, equating to 141 million adults, of which T2DM represents 90% of all diabetes cases in China (2, 3).

The National Institute for Health and Care Excellence (NICE) clinical practice guidelines recommend metformin, along with lifestyle modifications, as the first-line treatment for T2DM (4). However, some patients may be intolerant to metformin due to gastrointestinal events, and metformin alone may not be sufficient to achieve or maintain glycemic goals (5). Based on increasingly high-quality randomized clinical trials (RCTs) and meta-analyses, sodium-glucose transporter 2 inhibitors (SGLT-2i) were recommended as one of the effective hypoglycemic agents for second-line therapy after metformin failure or intolerance (6). SGLT-2i reduce hyperglycemia in T2DM patients by inhibiting renal glucose reabsorption and increasing glucose excretion in the urine. Currently, SGLT-2i are strongly recommended as the preferred initial medical treatment in combination with metformin for T2DM patients, as they have demonstrated favorable effects on blood glucose control, cardiovascular outcomes, and renal benefits. These effects have led to reduce the 3-point major adverse cardiovascular effect (MACE), total mortality, and heart failure, as highlighted by clinical practice guidelines (7, 8). However, post-marketing adverse event reports have raised concerns about the safety of SGLT-2i, including adverse effects such as genital and urinary tract infections, amputation, and diabetic ketoacidosis (DKA). Regulatory authorities have issued drug safety communications regarding the potential risk of acute kidney injury (AKI), DKA, hypoglycemia, bone fractures, and Fournier’s gangrene associated with the use of SGLT-2i (9, 10). Although several systematic reviews and meta-analyses have been conducted to assess the safety outcomes of SGLT-2i, the findings have not proved consistent across trials, and most studies have primarily focused on comparing the class of SGLT-2i (11–13). To date, there is a lack of comprehensive studies that have analyzed the risk of adverse outcomes related to all approved SGLT-2i, particularly in relation to the different recommended doses of each SGLT-2i. As a result, clinicians and patients are left uncertain about the potential health outcomes. Therefore, it is crucial for clinicians and policymakers to continuously integrate new pharmacotherapeutic evidence to optimize health outcomes.

The aim of this study is to conduct a Bayesian network meta-analysis (NMA) to estimate and rank the relative safety outcomes associated with different recommended doses of each approved SGLT-2i for T2DM. The results of this analysis are expected to provide valuable insights for clinical decision-making, enabling the development of optimal treatment strategies for patients with T2DM in the future.




2 Methods

The NMA was performed in accordance with Preferred Reporting Items for Systematic Review and Meta-Analysis extension statement for NMA (Table S1) (14). This study was registered in PROSPERO (CRD42023396023).



2.1 Search strategy and selection criteria

PubMed, Embase, the Cochrane Central Register of Controlled Trials, ClinicalTrials.gov, China National Knowledge Infrastructure, WanFang database, and SinoMed database were searched from inception to 31 May 2023, using the term “SGLT-2”, “T2DM”, “randomized controlled trials”, and their synonyms shown in Supplementary Material (Table S2). Additionally, a manual search of reference lists of relevant studies was performed to identify further eligible studies. We only identified double-blind RCTs comparing any marketable SGLT-2i with either placebo or another active antihyperglycemic as oral monotherapy in the adults (≥18 years old) with a diagnosis of T2DM, and the languages searched were limited to either English or Chinese. To be eligible, one of the RCT study groups needed to receive one of the recommended doses of SGLT-2i according to the drug instructions and Food and Drug Administration (FDA) guidelines. These recommended doses included canagliflozin (100mg/d, 300mg/d), dapagliflozin (5mg/d, 10mg/d), empagliflozin (10 mg/d, 25 mg/d), ertugliflozin (5 mg/d, 15mg/d), ipragliflozin (50mg/d, 100mg/d), luseogliflozin (2.5mg/d, 5mg/d), tofogliflozin (20 mg/d), or henagliflozin (5mg/d, 10mg/d).

We excluded trials that patients with severe hepatic impairment (Child-Pugh class C), severe renal dysfunction or end-stage renal failure (estimated glomerular filtration rate/eGFR < 30mL/min/1.73 m2), pregnancy or lactation, insulin therapy, or allergies or contraindication to the study drugs. Additionally, trials that combined treatment with other antihyperglycemic drugs during the study period were also excluded.

The outcomes of this study included adverse events (AEs) of special interest, such as confirmed hypoglycemic events (plasma glucose ≤ 3.9 mmol/l and/or requiring assistance), as well as AEs related to urinary tract infections (UTI), genital infections (GI), renal-related AEs, bone fractures, amputations, DKA, and nasopharyngitis.

Four reviewers (C.L., X.Q.X. Y.C.Y., and W.L.) independently screened the reports against pre-designed eligibility criteria, and any disagreements were resolved through discussion, consulting another reviewer (Z.B. or Z.Q.).




2.2 Data extraction

Three reviewers (C.L., X.Q.X., T.B.Y.) independently screened each trial by reviewing titles, abstracts, and full text using standardized and piloted forms. The baseline information was extracted, including the first author, the publication year, the clinical trials number, participants characteristics (including age, gender, BMI, eGFR, and sample size), intervention and comparison groups with dosage and usage, as well as the outcomes. Discrepancies were resolved through discussion or by a third reviewer (Z.B. or Z.Q.).




2.3 Risk-of-Bias assessments

Two reviewers (C.L. and X.Q.X.) independently assessed the risk of bias using the Cochrane Collaboration’s Risk of Bias 2 (RoB V.2.0) tool, encompassing domains such as randomization process, deviations from intended interventions, missing outcome data, outcome measurement, and selection of the reported result (15). Each study was classified as low risk, some concerns, or high risk. Discrepancies were resolved through discussion or by a third reviewer (Z.B. or Z.Q.).




2.4 Statistical analysis

We estimated intervention effects by calculating odds ratios (OR) with 95% credible interval (CrI). We performed NMA using Bayesian random effect models with the Markov chain Monte Carlo simulation method for interventions that connected to an evidence network by data available from ≥ 2 studies. For outcomes with inadequate network structure, pairwise meta-analyses were conducted instead. Heterogeneity among studies was assessed using the Q test and I² statistic, with significance defined as p < 0.10 and I² ≥ 50% (16). Consistency between direct and indirect evidence in the existing closed loops was examined using the node-splitting approach. A meta-regression method was employed to analyze differences in baseline characteristics when at least 10 studies included.

Model convergence was evaluated via visual inspection of four chains, considering the Brooks-Gelman-Rubin diagnostic, as well as trace and density plots (17). Within the Bayesian framework, all interventions were ranked using the surface under the cumulative ranking (SUCRA) curve (18). A larger SUCRA value, the higher the risk of such drugs occurring in this outcome.

Subgroup analyses were performed by gender when sufficient information was available. Additionally, Sensitivity analysis was performed by excluding high risk of bias of studies. A comparison-adjusted funnel plot and Egger test were used to evaluate small-study effects for individual outcomes when at least 10 eligible studies were available (19). Statistical significance was set at p < 0.05. All NMAs were performed using OpenBUGS version 3.2.3 and the Stata software version 15.0.





3 Results



3.1 Study selection and characteristics

A total of 7,486 studies were identified after removing duplications, 164 potentially eligible studies underwent full-text review. Following the application of eligibility criteria, 25 RCTs involving 12,990 patients were included in NMA. The study selection process is illustrated in Figure 1. A network of eligible comparisons for the multiple treatment meta-analysis of each safety outcome was constructed (Figure 2). The included RCTs compared 11 treatments, including canagliflozin, dapagliflozin, empagliflozin, ertugliflozin, ipragliflozin, luseogliflozin, tofogliflozin, henagliflozin, metformin, sitagliptin, and placebo. The baseline characteristics of the included studies are summarized in Table 1. Notably, the interested outcomes of two RCTs (NCT00643851 and NCT00859898) were extracted in one study (32). Among these, three studies were four-arm trials, 15 were three-arm trials, and the remainder were double-arm trials. Specifically, five RCTs compared dapagliflozin to placebo, five compared canagliflozin to placebo, three compared empagliflozin to placebo, one compared ertugliflozin to placebo, two compared ipragliflozin to placebo, one compared luseogliflozin to placebo, one compared tofogliflozin to placebo, one compared henagliflozin to placebo, and four respectively compared dapagliflozin, empagliflozin, and canagliflozin to metformin. The mean sample size of the included studies was 519 patients, ranging from 22 to 4,307 patients, and the mean age was 55.6 years (standard deviation: 3.6). The duration of trials ranged from 2 to 287 weeks (median: 26 weeks).




Figure 1 | Study selection process.






Figure 2 | Network diagrams of comparisons on different safety outcomes. (A) Genital infections; (B) unitary tract infections; (C) nasopharyngitis; (D) hypoglycemia; (E) bone fracture; (F) renal-related adverse events. Each circular node represents a type of treatment. The node size corresponds to the number of patients for each treatment. Lines indicate direct head-to-head comparisons, and the line width corresponds to the number of trials in the comparison.




Table 1 | Study characteristics of the included trials and participants.



The results of the risk of bias assessment are presented in Table S3 and Figure S1. Overall, 16 (64%) studies had a low risk of bias, and 9 (36%) studies were evaluated as having some concerns due to a lack of allocation concealment. All studies were at low risk of bias from blinding, selective outcome reporting, and missing outcome data.




3.2 Primary analysis



3.2.1 Genital infections

Twenty RCTs involving 12,076 patients provided data on GI (20–23, 25–38, 40), the direct and network results were summarized in the Supplementary Material Table S4 and Table S5A. Based on the synthesized results, all SGLT-2i, except for ertugliflozin 5mg/d and ipragliflozin 100mg/d, were associated with a higher risk of GI compared to placebo and metformin 2000mg/d, respectively. Patients taking canagliflozin (100mg/d, 300mg/d), empagliflozin (10mg/d, 25mg/d), dapagliflozin 10mg/d, and ipragliflozin 50mg/d had a higher risk of GI compared to those taking sitagliptin 100mg/d. No significant association was observed between different SGLT-2i, regardless of the recommended dose. Furthermore, the ranking of treatments based on SUCRA values (Table S6) showed that ipragliflozin 50mg/d (95.7%) ranked first among the SGLT-2i, followed by ipragliflozin 100mg/d (89.9%), empagliflozin 10mg/d (75.9%), empagliflozin 25mg/d (72.2%), and canagliflozin 300mg/d (60.7%). However, this pooled result may be influenced by only one trial each for ipragliflozin and ertugliflozin, both with small sample sizes, leading to limited precision. After excluding these two trials, the overall pooled estimate remained stable. The SUCRA values indicated that empagliflozin 10mg/d (88.2%, compared to placebo: OR 7.86, 95% CrI 3.45 to 21.03) ranked first, followed by empagliflozin 25mg/d (83.4%, compared to placebo: OR 7.23, 95% CrI 3.08 to 19.36), canagliflozin 300mg/d (70.8%, compared to placebo: OR 5.46, 95% CrI 2.30 to 13.62), and dapagliflozin 10mg/d (69.7%, compared to placebo: OR 5.09, 95% CrI 1.92 to 13.66). The node-splitting analysis revealed inconsistencies in three out of the 21 comparisons, and the comparison-adjusted funnel plot and Egger’s test (p=0.10) indicated no asymmetry (Table S7A; Figure S3A).




3.2.2 Urinary tract infections

Twenty-one RCTs involving 12,399 patients reported UTI (20, 21, 23, 25–29, 31–41, 43). The direct comparison showed that only dapagliflozin 10mg/d was significantly associated with a higher risk of UTI compared to placebo (OR 2.14, 95% CrI 1.03 to 4.44) or metformin 2000mg/d (OR 2.72, 95% CrI 1.23 to 6.00) (Table S4). The synthesized results indicated that dapagliflozin 10mg/d was associated with a higher risk of UTI compared to empagliflozin 10mg/d (OR 2.40, 95% CrI 1.26 to 4.64), empagliflozin 25mg/d (OR 2.27, 95% CrI 1.20 to 4.36), canagliflozin 100mg/d (OR 1.90, 95% CrI 1.06 to 3.49), ertugliflozin 15mg/d (OR 4.97, 95% CrI 1.59 to 17.09), metformin 2000mg/d (OR 2.00, 95% CrI 1.18 to 3.44), sitagliptin 100mg/d (OR 2.44, 95% CrI 1.21 to 5.02), and placebo (OR 2.11, 95% CrI 1.20 to 3.79), whereas there was no significant association between other treatments (Table S5B). Moreover, based on the SUCRA values ranking of treatments (Table S6), dapagliflozin 10mg/d (87.2%) ranked first among the SGLT-2i, followed by ipragliflozin 50mg/d (80.6%) and dapagliflozin 5mg/d (71.1%). The node-splitting method revealed no inconsistencies between direct and indirect evidence, and the comparison-adjusted funnel plot and Egger’s test (p=0.67) indicated no asymmetry (Table S7B; Figure S3B).




3.2.3 Hypoglycemia

Seventeen RCTs involving 11,464 patients reported hypoglycemia (20–23, 25–29, 31–35, 37–39). The direct comparison did not show any treatments significantly associated with a higher risk of hypoglycemia compared to placebo or other active treatments (Table S4). The synthesized results indicated that all SGLT-2s, except for canagliflozin 100mg/d (OR 3.12, 95%CrI 1.18 to 8.36), were not significantly associated with a higher risk of hypoglycemia compared to placebo (Table S5C). It is worth noting that other drugs, such as metformin 1000mg/d, showed a lower risk of hypoglycemia compared to placebo and other active drugs. However, due to the low number of patients included, the statistical certainty was low, resulting in a wide credible interval. Based on the SUCRA values ranking of treatments, metformin 2000mg/d (82.7%) ranked first, followed by canagliflozin 100mg/d (80.6%), and canagliflozin 300mg/d (72.1%) (Table S6). The node-splitting analysis revealed inconsistencies in one of the 15 comparisons, and the comparison-adjusted funnel plot and Egger’s test (p=0.37) indicated no asymmetry (Table S7C; Figure S3C).




3.2.4 Nasopharyngitis

Thirteen RCTs involving 4,315 patients reported nasopharyngitis (22, 24, 27, 28, 31, 34–37, 39, 42–44). Both the direct comparison and the synthesized results from the NMA did not show any treatments significantly associated with a higher risk of nasopharyngitis compared to placebo or other active treatments (Tables S4, S5D). However, it should be noted that despite the 95%CrI of dapagliflozin 10mg/d including the null value, the network results indicated a higher point estimate for the risk of nasopharyngitis when compared with placebo and other SGLT-2 inhibitors. According to the SUCRA values, dapagliflozin 10mg/d (81.6%) ranked first (Table S6). The comparison-adjusted funnel plot and Egger’s test (p=0.424) indicated no asymmetry (Figure S3D). There was no information to perform analyses of consistency.




3.2.5 Bone fracture and amputation

Four RCTs involving 5,393 patients reported bone fracture (23, 25, 32, 43). Both the direct comparison and the synthesized results from the NMA did not show any treatments significantly associated with a higher risk of bone fracture compared to placebo or other active treatments (Table S4). However, it is important to note that this result is heavily influenced by one study that used canagliflozin 100mg/d, specifically the NCT02065791 trial (25). The pooled result remained stable after removing this trial. Insufficient information was available to perform analyses of consistency and publication bias. Additionally, only one trial included in our study reported amputation, involving 4,397 patients. The results showed no significant difference in the risk of lower limb amputation, with rates of 12.3 versus 11.2 per 1000 patient-years in the canagliflozin group and the placebo group, respectively (hazard ratio, 1.11; 95% CI, 0.79 to 1.56).




3.2.6 Diabetic ketoacidosis

Two RCTs involving 4,705 patients reported DKA (23, 25). The synthesized results showed no significant difference between canagliflozin 100mg/d and placebo in terms of the risk of DKA (OR 3.45, 95%CrI 0.41 to 29.41) (Table S4). One trial with a large sample size from the NCT02065791 study reported low rates of DKA but a higher incidence in the canagliflozin 100mg/d group compared to the placebo group (2.2 vs. 0.2 per 1000 patient-years) (25). Another trial reported an incidence of DKA of 2.6% (4/154 patients) in the canagliflozin 100mg/d group and 1.9% (3/154 patients) in the placebo group (23).




3.2.7 Renal-related AEs

Eight RCTs involving 6,883 patients reported renal-related AEs, with four trials specifically examining renal impairment in the context of dapagliflozin (21, 23, 25, 27, 31, 32, 42, 43). The direct comparison did not show any significant associations between treatments and a higher risk of renal-related AEs compared to placebo or other active treatments (Table S4). However, the synthesized results demonstrated that dapagliflozin 10mg/d (OR 30.82, 95% CrI 1.85 to 1682.39) and canagliflozin 100mg/d (OR 17.18, 95% CrI 1.05 to 1000.50) were significantly associated with a higher risk of renal-related AEs compared with metformin 2000mg/d, while no significant differences were observed between the other treatments (Table S5E). One trial with a large sample size from the NCT02065791 study reported similar but lower rates of AKI in the canagliflozin 100mg/d group compared to the placebo group (16.9 vs. 20.0 per 1000 patient-years, hazard ratio 0.85; 95% confidence interval [CI] 0.64 to 1.13). Based on the SUCRA values, dapagliflozin 10mg/d (80.7%) ranked first in terms of their association with renal-related AEs (Table S6).





3.3 Heterogeneity and subgroup analysis

The pairwise comparisons of heterogeneity in outcome estimates were presented in Supplementary Material Table S4, and it was observed that there were no significant heterogeneities between each treatment. According to the meta-regression results, the duration of trials did not significantly impact the risk of the adverse events of interest between interventions (Table S8). Subgroup analyses were conducted for gender in the UTI and GI outcomes (Tables S9, S10; Figure S2). Regarding UTI, the synthesized results of the NMA showed that no treatments were significantly associated with a higher risk of UTI compared to placebo or other active treatments, regardless of gender (Table S9 and S10B). The SUCRA values indicated that dapagliflozin 10mg/d ranked first, with 90.8% in females and 79.4% in males, followed by dapagliflozin 5mg/d with 78.5% in females and 75.7% in males (Table S11). One trial that compared different dosages of dapagliflozin showed that the incidence of UTI was higher in the female group than the male group (dapagliflozin 10mg/d: 11.1% vs. 5.9%, dapagliflozin 5mg/d: 18.2% vs. 6.5%). Regarding GI, the synthesized results of the female subgroups showed that empagliflozin and dapagliflozin were associated with a higher risk of GI compared to placebo, with OR ranging between 6.21 (95% CrI 1.55 to 44.90) for empagliflozin 10mg/d and 20.18 (95% CrI 2.77 to 184.78) for dapagliflozin 10mg/d (Table S10A). However, in the synthesized results of the male subgroups, canagliflozin 100mg/d (OR 9.18, 95% CrI 1.77 to 53.68), canagliflozin 300mg/d (OR 18.84, 95% CrI 2.38 to 224.88), and empagliflozin 10mg/d (OR 5.38, 95% CrI 1.24 to 38.56) were associated with a higher risk of GI compared to placebo. It is important to note that the small number of included patients resulted in wide CrIs in most comparative analyses. Furthermore, the SUCRA values indicated that dapagliflozin 10mg/d (91.9%) and canagliflozin 300mg/d (88.8%) ranked first in the female and male subgroups, respectively (Table S11).





4 Discussion

This NMA of 10 pharmacological interventions from 25 double-blind trials, enrolling a total of 12,990 patients, and provides the comprehensive evidence with respect to the key safety outcomes associated with different recommended doses of SGLT-2i. Our study demonstrated that SGLT-2i do not appear to increased risk of DKA, nasopharyngitis, or bone fracture. Through direct comparison and the mixed treatment comparison, empagliflozin 10mg/d and canagliflozin 100mg/d were associated with the higher risk of GI and hypoglycemia, respectively. Moreover, dapagliflozin 10mg/d may be the riskiest according to the probability rankings for both UTI and renal impairment, however, the association for renal impairment with large uncertainty in the estimates owing to the small sample sizes of trials. Notably, this NMA and rankings have the potential to serve as a valuable decision-making tool for clinicians, facilitating informed treatment selection based on the safety profiles of different SGLT-2 inhibitors and their respective doses.

SGLT-2i are known for their ability to reduce hyperglycemia in patients by inhibiting renal glucose reabsorption in the proximal tubule of the kidney, leading to increased glucose excretion in the urine. However, this mechanism of action is also associated with an elevated risk of genital and urinary tract infections (45). Regarding UTI, our study revealed that only dapagliflozin at a dose of 10mg/d significantly increased the risk of UTI compared to other active SGLT-2i and placebo. This association was confirmed through overall synthesized results and gender subgroup analyses, particularly in females as indicated by SUCRA values. Although previous meta-analyses have shown no significant differences or only slight differences in UTI between patients using SGLT-2i and those taking placebo, subgroup analyses have consistently identified dapagliflozin 10mg/d as being associated with a higher risk of UTI, suggesting a dose-response relationship (12, 46–48). These findings are in line with previous studies and provide further support to our results. Additionally, retrospective studies on dapagliflozin 10mg/d discontinuation and hospitalization have reported UTI as a primary reason, with a significantly higher proportion of affected females (49, 50). In terms of GI, our study demonstrated that SGLT-2i had a greater association with GI risk compared to placebo and metformin 2000mg/d in patients with T2DM based on direct and network comparisons. However, no apparent differences were observed between lower and higher dosages of SGLT-2i. These findings were generally consistent with previous studies’ results (13, 48). Specifically, in the direct meta-analysis, dapagliflozin 10mg/d showed a higher risk of GI compared to dapagliflozin 5mg/d when compared to placebo. This correlation persisted in the network comparisons. This dose-response relationship is consistent with our previous finding for the risk of UTI with dapagliflozin, and one trial reported that dapagliflozin 10mg/d had a higher risk of GI compared to dapagliflozin 2.5mg/d (OR 1.55, 95% CI, 1.08 to 2.23) (51). Nevertheless, most genitourinary infections were typically mild to moderate in nature in our study, with a low rate of treatment discontinuation, and can be effectively resolved with routine antimicrobial therapy. Notably, our study found that empagliflozin 10mg/d ranked highest in terms of the probability of GI risk, which is consistent with the findings of a previous meta-analysis and a real-world analysis of the FAERS database (52, 53). Furthermore, an additional noteworthy finding in our study was that canagliflozin 300mg/d and dapagliflozin 10mg/d may be associated with the highest risk of GI in male and female subgroup analyses, respectively. However, due to limited up-to-date studies focusing on each gender, these conclusions should be interpreted cautiously, considering the sparse data available. Future well-designed trials with larger sample sizes are needed to validate these results. Considering the current evidence and the underlying mechanism of action of SGLT-2i, the potential risks of genitourinary infections should be carefully considered before initiating SGLT-2i therapy.

SGLT-2i have shown significant renal protective effects, including a 30% to 50% reduction in proteinuria and favorable outcomes in renal composite hard endpoints. The EMPA-REG OUTCOME trial demonstrated lower composite renal outcomes in patients treated with empagliflozin compared to placebo (HR = 0.68) (54). Similarly, the CREDENCE trial reported a reduced risk of composite renal outcomes in the canagliflozin group compared to placebo (HR = 0.70), with similar or lower rates of AKI in the canagliflozin 100mg/d group (HR = 0.85) (25). This systematic review highlights a lack of reporting on renal-related adverse events, with only 8 out of 25 randomized comparisons providing data, and only 4 reporting renal impairment related to dapagliflozin. Although the overall NMA suggests that dapagliflozin 10mg/d and canagliflozin 100mg/d may increase the risk of renal-related adverse events, the available evidence was insufficient to support or refute the potential risk of renal impairment or AKI specifically associated with the use of canagliflozin or dapagliflozin. Additionally, SGLT-2i medications may carry a risk of DKA by stimulating insulin release and promoting ketone reabsorption from the renal tubules, although the incidence of DKA is rare, approximately 0.1% (55). It has been suggested that the risk of DKA is negligible when the drug is properly prescribed (56). Similarly, due to their unique mechanism of action that is not dependent on promoting β-cell function or improving insulin resistance, SGLT-2i do not significantly increase the risk of hypoglycemia compared to placebo (57). Regarding nasopharyngitis, although no statistical differences were found between treatments in the studies reviewed, dapagliflozin 10mg/d may be associated with a higher risk of nasopharyngitis compared to placebo and other treatments. However, it is important to note that no clinical trials have been specifically conducted to evaluate this issue, and further data are needed to establish the true risk and determine if this is a class effect or specific to certain agents and dosages.

In 2016 and 2017, the FDA issued warnings regarding a potential increased risk of fractures and leg amputations with the use of canagliflozin (58, 59). However, the specific underlying mechanism leading to these risks associated with canagliflozin remains unknown. It has been suggested that SGLT-2i, by promoting glucosuria and volume depletion, may potentially reduce lower-limb tissue perfusion, which could play a role in the increased risk of fractures or amputations. Additionally, SGLT-2i increase serum phosphate levels by enhancing the tubular reabsorption of phosphate, and elevated phosphate levels can stimulate the release of parathyroid hormone, which may enhance bone resorption and increase the risk of fractures (60). However, recent meta-analyses have shown that neither the overall analysis nor subgroup analyses of SGLT-2i demonstrate a significant increased risk of fractures compared to other diabetes medications such as DPP-4 inhibitors, GLP-1 agonists, or placebo. Specifically, there is no evidence to suggest that individual SGLT-2i, including canagliflozin, dapagliflozin, and empagliflozin, at various doses were associated with an increased risk of bone fractures (61, 62). The results of the current study support the existing literature and demonstrate a neutral risk profile for fractures. In terms of amputation, based on the assessment of recent new clinical data and large-scale real-world studies, although the subgroup analyses suggest that the risk of amputations, although still increased with canagliflozin, is lower than previously described. Furthermore, overall analyses have not shown a significantly increased risk of amputations associated with SGLT-2i (63–67), thus, the boxed warning about e risk of amputations for canagliflozin was removed from the prescribing information by the FDA in 2020.




5 Limitation

This study has several limitations that should be taken into account. First, in order to directly observe the safety of SGLT-2i in patients with T2DM, we excluded the effects of combined with other drugs, and for that reason, the number of original trials included in this study was relatively small, and further confirmation of the findings are necessary. Second, the exclusion of all non-English and non-Chinese language literature may introduce potential publication bias. Third, certain outcomes may have been inadequately characterized within study or with wide 95% CrIs for OR values and imprecise estimates, primarily due to the limited number of studies available. Fourth, the specific types of infection between genital and urinary tract infections were not distinguished in this study, as very few of the included trials reported the specific types of infection in detail, this issue need more detailed clinical trials to address the data gap in the future.




6 Conclusion

In this NMA, current evidence from RCTs indicated that SGLT-2i were not significantly increased the risk of harm among comparison of different doses, except for dapagliflozin 10mg/d, which showed an increased risk of UTI and may be associated with a higher risk of renal impairment and nasopharyngitis. In terms of GI, empagliflozin 10mg/d, canagliflozin 300mg/d, and dapagliflozin 10mg/d were associated with a higher risk compared to placebo and metformin. Additionally, the evidence does not suggest a significantly increased risk of DKA, nasopharyngitis, and bone fracture with SGLT-2i, over placebo or active comparators. Further well-designed RCTs with larger sample sizes and more detailed information are required to verify and optimize the current body of evidence.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.





Author contributions

LC: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Software, Writing – original draft. QX: Conceptualization, Data curation, Formal Analysis, Methodology, Software, Writing – original draft. CY: Data curation, Formal Analysis, Software, Writing – review & editing. BT: Data curation, Formal Analysis, Writing – review & editing. LW: Data curation, Methodology, Writing – review & editing. BZ: Conceptualization, Supervision, Writing – review & editing. QZ: Conceptualization, Supervision, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by the second batch of the Shandong project for comprehensive clinical drug evaluation (No. 2022YZ006).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1256548/full#supplementary-material




References

1. Chatterjee, S, Khunti, K, and Davies, MJ. Type 2 diabetes. Lancet (London England) (2017) 389(10085):2239–51. doi: 10.1016/S0140-6736(17)30058-2

2. Magliano, DJ, and Boyko, EJ. Idf Diabetes Atlas. 10th ed. Brussels (2021). committee IDAtes.

3. Li, Y, Teng, D, Shi, X, Qin, G, Qin, Y, Quan, H, et al. Prevalence of diabetes recorded in mainland China using 2018 diagnostic criteria from the american diabetes association: national cross sectional study. BMJ (Clinical Res ed) (2020) 369:m997. doi: 10.1136/bmj.m997

4.Type 2 Diabetes in Adults: Management. London: National Institute for Health and Care Excellence: Guidelines (2022).

5. ElSayed, NA, Aleppo, G, Aroda, VR, Bannuru, RR, Brown, FM, Bruemmer, D, et al. 9. Pharmacologic approaches to glycemic treatment: standards of care in diabetes-2023. Diabetes Care (2023) 46(Suppl 1):S140–S57. doi: 10.2337/dc23-S009

6. American Diabetes Association. 7. Approaches to glycemic treatment. Diabetes Care (2016) 39(Suppl 1):S52–9. doi: 10.2337/dc16-S010

7. Gastaldi, G, Lucchini, B, Thalmann, S, Alder, S, Laimer, M, Brandle, M, et al. Swiss recommendations of the society for endocrinology and diabetes (Sged/ssed) for the treatment of type 2 diabetes mellitus (2023). Swiss Med Wkly (2023) 153:40060. doi: 10.57187/smw.2023.40060

8. Wu, JH, Foote, C, Blomster, J, Toyama, T, Perkovic, V, Sundstrom, J, et al. Effects of sodium-glucose cotransporter-2 inhibitors on cardiovascular events, death, and major safety outcomes in adults with type 2 diabetes: A systematic review and meta-analysis. Lancet Diabetes Endocrinol (2016) 4(5):411–9. doi: 10.1016/S2213-8587(16)00052-8

9. Fitchett, D. A safety update on sodium glucose co-transporter 2 inhibitors. Diabetes Obes Metab (2019) 21 Suppl 2:34–42. doi: 10.1111/dom.13611

10. Vasilakou, D, Karagiannis, T, Athanasiadou, E, Mainou, M, Liakos, A, Bekiari, E, et al. Sodium-glucose cotransporter 2 inhibitors for type 2 diabetes: A systematic review and meta-analysis. Ann Internal Med (2013) 159(4):262–74. doi: 10.7326/0003-4819-159-4-201308200-00007

11. Wang, M, Zhang, X, Ni, T, Wang, Y, Wang, X, Wu, Y, et al. Comparison of new oral hypoglycemic agents on risk of urinary tract and genital infections in type 2 diabetes: A network meta-analysis. Adv Ther (2021) 38(6):2840–53. doi: 10.1007/s12325-021-01759-x

12. Pelletier, R, Ng, K, Alkabbani, W, Labib, Y, Mourad, N, and Gamble, JM. Adverse events associated with sodium glucose co-transporter 2 inhibitors: an overview of quantitative systematic reviews. Ther Adv Drug Saf (2021) 12:2042098621989134. doi: 10.1177/2042098621989134

13. Shi, FH, Li, H, Yue, J, Jiang, YH, Gu, ZC, Ma, J, et al. Clinical adverse events of high-dose vs low-dose sodium-glucose cotransporter 2 inhibitors in type 2 diabetes: A meta-analysis of 51 randomized clinical trials. J Clin Endocrinol Metab (2020) 105(11):3600–11. doi: 10.1210/clinem/dgaa586

14. Hutton, B, Salanti, G, Caldwell, DM, Chaimani, A, Schmid, CH, Cameron, C, et al. The prisma extension statement for reporting of systematic reviews incorporating network meta-analyses of health care interventions: checklist and explanations. Ann Intern Med (2015) 162(11):777–84. doi: 10.7326/m14-2385

15. Sterne, JAC, Savovic, J, Page, MJ, Elbers, RG, Blencowe, NS, Boutron, I, et al. Rob 2: A revised tool for assessing risk of bias in randomised trials. BMJ (Clinical Res ed) (2019) 366:l4898. doi: 10.1136/bmj.l4898

16. Higgins, JP, Thompson, SG, Deeks, JJ, and Altman, DG. Measuring inconsistency in meta-analyses. BMJ (Clinical Res ed) (2003) 327(7414):557–60. doi: 10.1136/bmj.327.7414.557

17. Brooks, SP, and Gelman, A. General methods for monitoring convergence of iterative simulations. J Comput Graphical Stat (1998) 7(4):434–55. doi: 10.1080/10618600.1998.10474787

18. Salanti, G, Ades, AE, and Ioannidis, JP. Graphical methods and numerical summaries for presenting results from multiple-treatment meta-analysis: an overview and tutorial. J Clin Epidemiol (2011) 64(2):163–71. doi: 10.1016/j.jclinepi.2010.03.016

19. Sterne, JA, Sutton, AJ, Ioannidis, JP, Terrin, N, Jones, DR, Lau, J, et al. Recommendations for examining and interpreting funnel plot asymmetry in meta-analyses of randomised controlled trials. BMJ (Clinical Res ed) (2011) 343:d4002. doi: 10.1136/bmj.d4002

20. Stenlöf, K, Cefalu, WT, Kim, K-A, Jodar, E, Alba, M, Edwards, R, et al. Long-term efficacy and safety of canagliflozin monotherapy in patients with type 2 diabetes inadequately controlled with diet and exercise: findings from the 52-week cantata-M study. Curr Med Res Opin (2013) 30(2):163–75. doi: 10.1185/03007995.2013.850066

21. Rosenstock, J, Chuck, L, González-Ortiz, M, Merton, K, Craig, J, Capuano, G, et al. Initial combination therapy with canagliflozin plus metformin versus each component as monotherapy for drug-naïve type 2 diabetes. Diabetes Care (2016) 39(3):353–62. doi: 10.2337/dc15-1736/-/DC1

22. Inagaki, N, Kondo, K, Yoshinari, T, Maruyama, N, Susuta, Y, and Kuki, H. Efficacy and safety of canagliflozin in Japanese patients with type 2 diabetes: A randomized, double-blind, placebo-controlled, 12-week study. Diabetes Obes Metab (2013) 15(12):1136–45. doi: 10.1111/dom.12149

23. Wada, T, Mori-Anai, K, Takahashi, A, Matsui, T, Inagaki, M, Iida, M, et al. Effect of canagliflozin on the decline of estimated glomerular filtration rate in chronic kidney disease patients with type 2 diabetes mellitus: A multicenter, randomized, double-blind, placebo-controlled, parallel-group, phase iii study in Japan. J Diabetes Invest (2022) 13(12):1981–9. doi: 10.1111/jdi.13888

24. Iijima, H, Kifuji, T, Maruyama, N, and Inagaki, N. Pharmacokinetics, pharmacodynamics, and safety of canagliflozin in Japanese patients with type 2 diabetes mellitus. Adv Ther (2015) 32(8):768–82. doi: 10.1007/s12325-015-0234-0

25. Perkovic, V, Jardine, MJ, Neal, B, Bompoint, S, Heerspink, HJL, Charytan, DM, et al. Canagliflozin and renal outcomes in type 2 diabetes and nephropathy. N Engl J Med (2019) 380(24):2295–306. doi: 10.1056/NEJMoa1811744

26. Inagaki, N, Kondo, K, Yoshinari, T, Takahashi, N, Susuta, Y, and Kuki, H. Efficacy and safety of canagliflozin monotherapy in Japanese patients with type 2 diabetes inadequately controlled with diet and exercise: A 24-week, randomized, double-blind, placebo-controlled, phase iii study. Expert Opin Pharmacother (2014) 15(11):1501–15. doi: 10.1517/14656566.2014.935764

27. Ji., L, Ma., J, Li., H, Mansfield., TA, T’joen., CL, Iqbal., N, et al. Dapagliflozin as monotherapy in drug-naive asian patients with type 2 diabetes mellitus: A randomized, blinded, prospective phase iii study. Clin Ther (2014) 36(1):84–100 e9. doi: 10.1016/j.clinthera.2013.11.002

28. Kaku, K, Inoue, S, Matsuoka, O, Kiyosue, A, Azuma, H, Hayashi, N, et al. Efficacy and safety of dapagliflozin as a monotherapy for type 2 diabetes mellitus in Japanese patients with inadequate glycaemic control: A phase ii multicentre, randomized, double-blind, placebo-controlled trial. Diabetes Obes Metab (2013) 15(5):432–40. doi: 10.1111/dom.12047

29. List, JF, Woo, V, Morales, E, Tang, W, and Fiedorek, FT. Sodium-glucose cotransport inhibition with dapagliflozin in type 2 diabetes. Diabetes Care (2009) 32(4):650–7. doi: 10.2337/dc08-1863

30. Kaku, K, Kiyosue, A, Inoue, S, Ueda, N, Tokudome, T, Yang, J, et al. Efficacy and safety of dapagliflozin monotherapy in Japanese patients with type 2 diabetes inadequately controlled with diet and exercise. Diabetes Obes Metab (2014) 16(11):1102–10. doi: 10.1111/dom.12325

31. Bailey, CJ, Morales Villegas, EC, Woo, V, Tang, W, Ptaszynska, A, and List, JF. Efficacy and safety of dapagliflozin monotherapy in people with type 2 diabetes: A randomized double-blind placebo-controlled 102-week trial. Diabetes Med (2015) 32(4):531–41. doi: 10.1111/dme.12624

32. Henry, RR, Murray, AV, Marmolejo, MH, Hennicken, D, Ptaszynska, A, and List, JF. Dapagliflozin, metformin xr, or both: initial pharmacotherapy for type 2 diabetes, a randomised controlled trial. Int J Clin Pract (2012) 66(5):446–56. doi: 10.1111/j.1742-1241.2012.02911.x

33. Hadjadj S, RJ, Meinicke, T, Woerle, HJ, and Broedl, UC. Initial combination of empagliflozin and metformin in patients with type 2 diabetes. Diabetes Care (2016) 39(10):1718–28. doi: 10.2337/dc16-0522/-/DC1

34. Tikkanen, I, Narko, K, Zeller, C, Green, A, Salsali, A, Broedl, UC, et al. Empagliflozin reduces blood pressure in patients with type 2 diabetes and hypertension. Diabetes Care (2015) 38(3):420–8. doi: 10.2337/dc14-1096/-/DC1

35. Kadowaki, T, Haneda, M, Inagaki, N, Terauchi, Y, Taniguchi, A, Koiwai, K, et al. Empagliflozin monotherapy in Japanese patients with type 2 diabetes mellitus: A randomized, 12-week, double-blind, placebo-controlled, phase ii trial. Adv Ther (2014) 31(6):621–38. doi: 10.1007/s12325-014-0126-8

36. Ferrannini, E, Seman, L, Seewaldt-Becker, E, Hantel, S, Pinnetti, S, and Woerle, HJ. A phase iib, randomized, placebo-controlled study of the sglt2 inhibitor empagliflozin in patients with type 2 diabetes. Diabetes Obes Metab (2013) 15:721–8. doi: 10.1111/dom.12081

37. Roden, M, Merker, L, Christiansen, AV, Roux, F, Salsali, A, Kim, G, et al. Safety, tolerability and effects on cardiometabolic risk factors of empagliflozin monotherapy in drug-naive patients with type 2 diabetes: A double-blind extension of a phase iii randomized controlled trial. Cardiovasc Diabetol (2015) 14:154. doi: 10.1186/s12933-015-0314-0

38. Terra, SG, Focht, K, Davies, M, Frias, J, Derosa, G, Darekar, A, et al. Phase iii, efficacy and safety study of ertugliflozin monotherapy in people with type 2 diabetes mellitus inadequately controlled with diet and exercise alone. Diabetes Obes Metab (2017) 19(5):721–8. doi: 10.1111/dom.12888

39. Lu, J, Fu, L, Li, Y, Geng, J, Qin, L, Li, P, et al. Henagliflozin monotherapy in patients with type 2 diabetes inadequately controlled on diet and exercise: A randomized, double-blind, placebo-controlled, phase 3 trial. Diabetes Obes Metab (2021) 23(5):1111–20. doi: 10.1111/dom.14314

40. Kashiwagi, A, Kazuta, K, Yoshida, S, and Nagase, I. Randomized, placebo-controlled, double-blind glycemic control trial of novel sodium-dependent glucose cotransporter 2 inhibitor ipragliflozin in Japanese patients with type 2 diabetes mellitus. J Diabetes Invest (2014) 5(4):382–91. doi: 10.1111/jdi.12156

41. Schwartz, SL, Akinlade, B, Klasen, S, Kowalski, D, Zhang, W, and Wilpshaar, W. Safety, pharmacokinetic, and pharmacodynamic profiles of ipragliflozin (Asp1941), a novel and selective inhibitor of sodium-dependent glucose co-transporter 2, in patients with type 2 diabetes mellitus. Diabetes Technol Ther (2011) 13(12):1219–27. doi: 10.1089/dia.2011.0012

42. Seino, Y, Sasaki, T, Fukatsu, A, Sakai, S, and Samukawa, Y. Efficacy and safety of luseogliflozin monotherapy in Japanese patients with type 2 diabetes mellitus: A 12-week, randomized, placebo-controlled, phase ii study. Curr Med Res Opin (2014) 30(7):1219–30. doi: 10.1185/03007995.2014.901943

43. Kaku K, KA, Inoue, S, Ueda, N, Tokudome, T, Yang, J, and Langkilde, AM. Efficacy and safety of dapagliflozin monotherapy in Japanese patients with type 2 diabetes inadequately controlled by diet and exercise. Diabetes Obes Metab (2014) 16(11):1102–10. doi: 10.1111/dom.12325

44. Kaku, K, Watada, H, Iwamoto, Y, Utsunomiya, K, Terauchi, Y, Tobe, K, et al. Efficacy and safety of monotherapy with the novel sodium/glucose cotransporter-2 inhibitor tofogliflozin in Japanese patients with type 2 diabetes mellitus: A combined phase 2 and 3 randomized, placebo-controlled, double-blind, parallel-group comparative study. Cardiovasc Diabetol (2014) 13:65. doi: 10.1186/1475-2840-13-65

45. Faillie, JL. Pharmacological aspects of the safety of gliflozins. Pharmacol Res (2017) 118:71–81. doi: 10.1016/j.phrs.2016.07.001

46. Lin, DS, Lee, JK, and Chen, WJ. Clinical adverse events associated with sodium-glucose cotransporter 2 inhibitors: A meta-analysis involving 10 randomized clinical trials and 71 553 individuals. J Clin Endocrinol Metab (2021) 106(7):2133–45. doi: 10.1210/clinem/dgab274

47. Donnan, JR, Grandy, CA, Chibrikov, E, Pharm, DC, Aubrey-Bassler, K, Johnston, K, et al. Dose response of sodium glucose cotransporter-2 inhibitors in relation to urinary tract infections: A systematic review and network meta-analysis of randomized controlled trials. CMAJ Open (2018) 6(4):E594–602. doi: 10.9778/cmajo.20180111

48. Puckrin, R, Saltiel, MP, Reynier, P, Azoulay, L, Yu, OHY, and Filion, KB. Sglt-2 inhibitors and the risk of infections: A systematic review and meta-analysis of randomized controlled trials. Acta Diabetologica (2018) 55(5):503–14. doi: 10.1007/s00592-018-1116-0

49. Yang, AY, and Chen, HC. Comparative assessment of the long-term effectiveness and safety of dapagliflozin and empagliflozin as add-on therapy to hypoglycemic drugs in patients with type 2 diabetes. J Diabetes Res (2022) 2022:2420857. doi: 10.1155/2022/2420857

50. Fadini, GP, Li Volsi, P, Devangelio, E, Poli, M, Cazzetta, G, Felace, G, et al. Predictors of early discontinuation of dapagliflozin versus other glucose-lowering medications: A retrospective multicenter real-world study. J Endocrinol Invest (2020) 43(3):329–36. doi: 10.1007/s40618-019-01110-w

51. Li, D, Wang, T, Shen, S, Fang, Z, Dong, Y, and Tang, H. Urinary tract and genital infections in patients with type 2 diabetes treated with sodium-glucose co-transporter 2 inhibitors: A meta-analysis of randomized controlled trials. Diabetes Obes Metab (2017) 19(3):348–55. doi: 10.1111/dom.12825

52. Wang, K, Yan, Y, Aeneas, Z, and Li, X-F. Efficacy and safety of four sglt2 inhibitors in the treatment of heart failure with reduced ejection fraction a network meta-analysis. J Clin Cardiol (China) (2023) 39(1):21–8. doi: 10.13201/j.issn.1001-1439.2023.01.005

53. Yongguang, S, Lei, Z, Dong-jie, G, and Hong, S. Genital infections following the use of different sodium-glucose cotransporter-2 inhibitors a real-world analysis of post-marketing surveillance data. Chin J Hosp Pharm (2020) 40(16):1739–43. doi: 10.13286/j.1001-5213.2020.16.10

54. Wakisaka, M. Empagliflozin and progression of kidney disease in type 2 diabetes. N Engl J Med (2016) 375(18):1799–800. doi: 10.1056/NEJMc1611290

55. European Medcines Agency. (2016). Available at: https://www.ema.europa.eu/en/news/ema-confirms-recommendations-minimise-ketoacidosis-risk-sglt2-inhibitors-diabetes (Accessed May 15 2023).

56. Monami, M, Nreu, B, Zannoni, S, Lualdi, C, and Mannucci, E. Effects of sglt-2 inhibitors on diabetic ketoacidosis: A meta-analysis of randomised controlled trials. Diabetes Res Clin Pract (2017) 130:53–60. doi: 10.1016/j.diabres.2017.04.017

57. Wright, EM, Loo, DD, and Hirayama, BA. Biology of human sodium glucose transporters. Physiol Rev (2011) 91(2):733–94. doi: 10.1152/physrev.00055.2009

58. Food & Drug Administration. (2015). Available at: https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-fda-revises-label-diabetes-drug-canagliflozin-invokana-invokamet (Accessed May 15 2023).

59. Food & Drug Administration. (2017). Available at: https://www.fda.gov/drugs/fda-drug-safety-podcasts/fda-drug-safety-podcast-fda-confirms-increased-risk-leg-and-foot-amputations-diabetes-medicine (Accessed May 15 2023).

60. Blau, JE, Bauman, V, Conway, EM, Piaggi, P, Walter, MF, Wright, EC, et al. Canagliflozin triggers the fgf23/1,25-dihydroxyvitamin D/pth axis in healthy volunteers in a randomized crossover study. JCI Insight (2018) 3(8):e99123. doi: 10.1172/jci.insight.99123

61. Chai, S, Liu, F, Yang, Z, Yu, S, Liu, Z, Yang, Q, et al. Risk of fracture with dipeptidyl peptidase-4 inhibitors, glucagon-like peptide-1 receptor agonists, or sodium-glucose cotransporter-2 inhibitors in patients with type 2 diabetes mellitus: A systematic review and network meta-analysis combining 177 randomized controlled trials with a median follow-up of 26 weeks. Front Pharmacol (2022) 13:825417. doi: 10.3389/fphar.2022.825417

62. Cheng, L, Li, YY, Hu, W, Bai, F, Hao, HR, Yu, WN, et al. Risk of bone fracture associated with sodium-glucose cotransporter-2 inhibitor treatment: A meta-analysis of randomized controlled trials. Diabetes Metab (2019) 45(5):436–45. doi: 10.1016/j.diabet.2019.01.010

63. Huang, CY, and Lee, JK. Sodium-glucose co-transporter-2 inhibitors and major adverse limb events: A trial-level meta-analysis including 51 713 individuals. Diabetes Obes Metab (2020) 22(12):2348–55. doi: 10.1111/dom.14159

64. Miyashita, S, Kuno, T, Takagi, H, Sugiyama, T, Ando, T, Valentin, N, et al. Risk of amputation associated with sodium-glucose co-transporter 2 inhibitors: A meta-analysis of five randomized controlled trials. Diabetes Res Clin Pract (2020) 163:108136. doi: 10.1016/j.diabres.2020.108136

65. Lin, C, Zhu, X, Cai, X, Yang, W, Lv, F, Nie, L, et al. Sglt2 inhibitors and lower limb complications: an updated meta-analysis. Cardiovasc Diabetol (2021) 20(1):91. doi: 10.1186/s12933-021-01276-9

66. Mizutani, G, Horii, T, Oikawa, Y, Atsuda, K, and Shimada, A. Real-world risk of lower-limb amputation associated with sodium-glucose cotransporter 2 inhibitors versus metformin: A propensity score-matched model analysis in Japan. J Diabetes Invest (2022) 13(12):2000–9. doi: 10.1111/jdi.13906

67. Yang, CT, Peng, ZY, Chen, YC, Ou, HT, and Kuo, S. Cardiovascular benefits with favorable renal, amputation and hypoglycemic outcomes of sglt-2 inhibitors in type 2 diabetes from the asian perspective: A population-based cohort study and systematic review. Front Endocrinol (2022) 13:836365. doi: 10.3389/fendo.2022.836365




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Chen, Xue, Yan, Tang, Wang, Zhang and Zhao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Comparative safety of different recommended doses of sodium–glucose cotransporter 2 inhibitors in patients with type 2 diabetes mellitus: a systematic review and network meta-analysis of randomized clinical trials

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Systematic Review Registration

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Search strategy and selection criteria

          



          		

            2.2 Data extraction

          



          		

            2.3 Risk-of-Bias assessments

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Study selection and characteristics

          



          		

            3.2 Primary analysis

          

            		

              3.2.1 Genital infections

            



            		

              3.2.2 Urinary tract infections

            



            		

              3.2.3 Hypoglycemia

            



            		

              3.2.4 Nasopharyngitis

            



            		

              3.2.5 Bone fracture and amputation

            



            		

              3.2.6 Diabetic ketoacidosis

            



            		

              3.2.7 Renal-related AEs

            



          



          



          		

            3.3 Heterogeneity and subgroup analysis

          



        



        



        		

          4 Discussion

        



        		

          5 Limitation

        



        		

          6 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo.2023.1256548_cover.jpg
& frontiers | Frontiers in Endocrinology

Comparative safety of different
recommended doses of sodium — glucose
cotransporter 2 inhibitors in patients with
type 2 diabetes mellitus: a systematic
review and network meta-analysis of
randomized clinical trials





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-14-1256548-g001.jpg
Records deniid rom:
Databases (1=12281);
Pubmed (1=2387):
Embase (5645,
Cochrane (2355
CNKI 73y,
WanFang Data (1=801);
Sinomed (1=557);
Clineaals gov (133

Recordsremoved befor crsning:
‘Duplicat ecords removed (1-4557)

Records screned hrough s and
absrcts (0772

Records excluded (8 ot meet lghilycrieris)
(7560,

Clerly melevant (1-5916)

Sysematc revew (1- 653

NotRCTs (1494

Comibined data from multple RCTs (1-132).
Combinaon vithtbe athyperlycenic
Duplicat 053

Records ull-ext st ssessd or
vty (n-164)

excuded
napproprite Weong popultion (-6);
Combination with e achyperglycnvic (141
Withoutautomes ofmerst (1-36)
Confrence absiat o posier (- 42)
Oerpabiaton rom te same il (1<)
Withouthe fll-ext (15
NotEnglis 0-5)

Stdies incladed in review (1-25)






OEBPS/Images/table1.jpg
Gender
aic,

Firt  Clinical ~ Sample ~ Age
author  tial  size(T/ (mean
(year)  number  C)  +5D)

Treatment/  Duration
Control  oftrial ~ Outcomes

Female (dosage)  (weeks)

%)

e s
w0 e 29w | 32 GO
St NCTO1081834. 197 = 548% 34 80210 et 300mg/d): 52 LS,
2013 00) 102 260 191 hypoglycemia
" N i Sain1o
wos -
109 60 25 Lk
" = B gt
eiidl 37 7 s57% ;2& 88212 | O (100mg/d,
ey | NCTOIsOR7 | 238 saves | @58 | 5 | wser2 | %0 300mg/d. 0
W e G wen gl e e
+60 190 e
o P wos
5 Conptn !
n s w0209 a
ko | M w20 galep | wr | G |l
i B e am X we S0 e phain
772 264 802 Placebo. i
s o e mat
Wada 2022 154 105 253% 44 77211 155 e ol
o Nemoems |0 gL G T e | s | s |
n 245 136 -
=
Cogitrn
—— O P R TS N
WS s |2 2e o0 am w0 TEET L e
i
e
a4 sear hypogycemia.
Congitorn
e w0 asens s G weis | m it
mpan | Nmmem | G0N B 5 man | see | e w R
62 183 et acute kidncy
oo
e P
o B B e I e B Y
i B e owm ma eser | s e s
1no 44 137 .
i 5 i i,
M e 2w | | ogitans e
Joae) Koo | 133 N B BAwases | T mgaomger | om rnal
R e i e,
109 +36 1”7 PRIgmnER
s sl e weor —— e
B oo | 9 WS s0v NR 82207 MR mgd 0mgdy 16 Iypoglycemis,
) 5 ssae 2045 81207 Placcbo. nasopharyngits
th
w02 0
s b ome s o o
i s P sew  pm e Soses g e
N |GG G o e | 0| M ||
s o men ;o esos -
50290 50 el
o
s s
s 55 | vesr | Wi | oot .
Kaku 2014 o 104 s 21 Z2E07 669 (Smg/d, 10mg/ = impairment,
w . o [ =
o 8 gl owm I e OV g
e M B0 g e P
e i
Do .
“ six 79209 ;
L O— poy 506+ S14% NR i10 NR (5mg/d.10mg/ 0 ypoglycemia,
i no e | oue Bin 5 -
e in oyt
e
s f— o
f— P O B i,
I SO -+ S P R
£ e :
Pl
i p—
202 W e s P
62 . e 201 5184 527% i 92£13 L Metformin 2000 = Gyt
- s
s
ot
T e et
o 16 o 5 G,
gy | NCTOTIO0 m 88% 303 87¢ 10 Metformin = hypoglycemia
o e p
i o
was
5 e | 6| ctonn
T | m |messs| om0 | e | G2 | RRR ma
T omimos | m weis  ae M0 genes  WSr (oml W | s
B e ok 20 R m o w ot
s s
e Etonn
; o eest | ma o
il I i e S BN
o Wiy ae 2 Rl e i
£y
o :
o s Eopgitn
PR weos o
R o e M g e, ma
o BT e Gy e o, b
<o : e
s s
-
o
s
s 5 o,
m M e mr e | wes | Gl sew .
e N el i W MM i
o e B dm W raies | ses s | W S
28 Ual w52 7eses w3 myd; pogles
o w e
S | g
s s
Rl P I v I ) - [ o [ -l
s mo N e BN e
w' PN i
0 0
5 sgitonn
i s o
o | |2 Eaia | wm e D | L
e 151 243 338% L3 ggr0n 9 L nasopharyngits
102 20 1240+ Placcbo -
5 o
2
-
f—
: a o mam 53208
Sher cneaws | n e | e B0 mier owm | G
@ 104 wow A3 sises e/
- Y i
kY
w0
% 9572
e
sren e | pgoin
. — mo S e | -
2000 41) L & 53+ bl I 4 27 100mgay:
i = wre ek
us
o | wsens b Jr—
oo | @ e 2 Gl mees GRS e
“2) 090908 6 5762 259% 232 | o007 h mg/d); renal-related AEs
I W e
0 s e
K | geen. s S5 e D8 wan | we T
C T A =

“Median (range): UTY, urinary tac infections G, genital infecton: DKA, Diabetic ketoacidosis; AEs, adverse events; NR, not reported.





OEBPS/Images/fendo-14-1256548-g002.jpg





