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	RESUMO

O diabetes tipo 2 é um problema de saúde pública global associado ao aumento do risco cardiovascular e da mortalidade. Esta metanálise avalia a eficácia dos inibidores de SGLT2 no controle do diabetes, na redução da HbA1c e na minimização do risco relativo de eventos cardiovasculares adversos maiores (MACE), além de examinar a segurança e os efeitos adversos, graves e não graves. Em comparação à terapia convencional, o uso de inibidores de SGLT2 demonstrou redução de 38% no risco de morte cardiovascular e hospitalização por insuficiência cardíaca, além de desacelerar a progressão da doença renal crônica. A redução no risco de MACE não foi estatisticamente significativa. Os riscos de hipoglicemia, fraturas e depleção de volume permaneceram inalterados, mas houve aumento no risco de infecções micóticas geniturinárias. A análise mostrou que, embora não tenha havido redução significativa da mortalidade cardiovascular, houve benefícios na redução das hospitalizações por insuficiência cardíaca e na lentificação da progressão renal. Persistem desafios relacionados à segurança, especialmente quanto à hipoglicemia, fraturas, hipotensão ortostática e infecções fúngicas. São necessárias mais pesquisas para avaliar esses aspectos e reforçar o uso cauteloso dos inibidores de SGLT2, sobretudo em pacientes com controle glicêmico moderado.

Palavras-chave: Diabetes mellitus tipo 2. Transportador 2 de glucose-sódio. Metanálise.

ABSTRACT

Type 2 diabetes is a global public health problem associated with increased cardiovascular risk and mortality. This meta-analysis aims to assess the effectiveness of ISGLT2 in managing diabetes, reducing HbA1C levels, and minimizing the relative risk of MACE, while also evaluating safety and both serious and non-serious adverse effects. Compared with conventional therapy, ISGLT2 demonstrated a significant 38% reduction in the risk of cardiovascular death and hospitalization for heart failure, with a marked slowing of the progression of chronic kidney disease. The reduction in the risk of MACE was not statistically significant. The risks of hypoglycaemia, fractures and volume depletion remained unchanged, but there was an increased risk of genitourinary mycotic infections. The analysis revealed that although there was no significant reduction in cardiovascular mortality, there were benefits in terms of reducing hospitalisations for heart failure and slowing renal progression. Challenges in data collection and safety, particularly in relation to hypoglycaemia, fractures, orthostatic hypotension and genitourinary mycotic infections, were identified. Further research is needed to address these issues and assess the safety of ISGLT2 in patients at increased risk of mycotic infections. It is essential to prescribe these drugs with caution, particularly in those with moderate glycaemic control effects.
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1. INTRODUCTION

Type 2 diabetes mellitus (DM2) is a prevalent public health issue, with projections estimating 630 million patients with this diagnosis by 2045. Complications due to poorly managed DM2 contribute significantly to health costs.1 Poor glycemic control in patients with DM2 elevates the risk of cardiovascular disease (CAD), shortens life expectancy, increases target organ damage, incidence of heart failure (HF), and mortality from any cause.2 The study "Assessment of medical management in CORonary DiabEtic Type 2 patients at high risk of cardiovascular events" (ACORDE) evaluated major cardiovascular outcomes (MACE) in DM2 patients at high cardiovascular risk and marked a crucial milestone in medical management assessment. Since Rosiglitazone's adverse effects were studied, diabetes drugs must provide evidence in safety at this outcome.3 Sodium-glucose cotransporter 2 (ISGLT2) inhibitors represent the latest oral therapy class used in treating DM2. Canagliflozin, dapagliflozin, empagliflozin, and ertugliflozin act on the proximal convoluted tubules by inhibiting glucose reabsorption, leading to reduced glycosuria and serum glucose levels.4 This sustained reduction in blood and plasma volume potentially slows down the progression of kidney damage and reduces blood pressure levels, benefiting the protection of chronic kidney disease (CKD) and heart failure (HF).5-6
The studies "Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes" (EMPAREG), "Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes" (CANVAS PROGRAM), "Dapagliflozin Outcomes in Type 2 Diabetes" (DE-CLARE-TIMI) and "Cardiovascular Outcomes with Ertugliflozin in Type 2 Diabetes" (VERTIS CV), have suggested potential cardiovascular advantages linked to these medications for patients with type 2 diabetes. Further research is required to establish their efficacy for the overall diabetic population.7 Chronic kidney disease (CKD), characterized by a reduced glomerular filtration rate (GFR) and microalbuminuria, is a complication that affects more than 35% of patients with diabetes. Recent studies, including "Empagliflozin in Patients with Chronic Kidney Disease" (EMPA-KIDNEY), suggest that there may be an additional benefit to using ISGLT2. Elevated HbA1c is one of the primary risk factors for all-cause mortality and diabetes-related complications and reducing it in DM2 patients is an important goal.5-6-7-8 This meta-analysis aims to assess the effectiveness of ISGLT2 in managing diabetes, reducing HbA1C levels, and minimizing the relative risk of MACE, while also evaluating safety and both serious and non-serious adverse effects.

2. MATERIAL AND METHODS

The systematic review was conducted following the Cochrane Handbook for Systematic Reviews of Interventions and AMSTAR-2 (Assessing the Methodological Quality of Systematic Reviews) guideline. The systematic review adhered to the recommendations of the Preferred Reporting Items for Systematic Reviews and Me-ta-Analyses (PRISMA). Additionally, the research protocol was registered with the International Prospective Register of Systematic Reviews (PROSPERO).9-10-11 The objective of the review was to determine the effectiveness and safety of ISGLT2 in treating adult patients with DM2. The goal of the review was to determine the effectiveness and safety of ISGLT2 in treating adult patients with DM2. The search strategy followed the PICOS framework.
Population: This study aims to evaluate the effectiveness of ISGLT2 in treating type 2 diabetes among patients aged 18 and older. Studies involving patients with type 1 diabetes and those under 18 years old were excluded. Intervention: ISGLT2. Comparison: Placebo, other active drugs, and/or therapeutic regimens used to treat T2DM. Outcomes: The primary outcomes will be HBA1C, MACE, diabetes control, adverse events, and serious adverse events. Studies: Only randomized clinical trials published between January 2014 and October 2022 were considered.
2.1. Exclusion criteria 
For this systematic review and meta-analysis, observational studies, cohort studies, scientific reviews and meta-analyses, and phase 1 and phase 2 clinical trials evaluating the use of ISGLT2 in T2DM were excluded. Studies that involved non-diabetic individuals or those with type 1 diabetes were also excluded. Additionally, studies that included patients under the age of 18 were deemed ineligible for inclusion in this systematic review and meta-analysis.
2.2 Search Strategy
A systematic search was conducted in the Cochrane Central Register of Controlled Trials (CENTRAL), Medical Literature Analysis and Retrieval System Online (MEDLINE) through PubMed, Excerpta Medical Database (EMBASE), and Latin American and Caribbean Health Sciences Literature (LILACS) databases. The search was broadened to encompass gray literature and other types of database research.
2.3 Selection of studies
The selection process employed the online application Rayyan, using the duplicates saved on the One Drive. A flowchart relevant to PRISMA was adapted to summarize the study selection process adhering to the Cochrane Handbook guidelines (Santos et al., 2007; Aromataris & Pearson, 2014). This meta-analysis included 7 randomized controlled trials (RCTs): CANTATA-M®, CANTATA-MP®, EMPAREG®, CANVAS PROGRAM®, CREDENCE®, DECLARE®, and VERTIS®. The study exclusion criteria and search strategy are shown below in Figure 1.
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Figure 1.  FLOWCHART 1 PRISMA

2.4 Data extraction
The extraction of the data was carried out by two independent reviewers and checked by a third. The extracted data were stored in a Microsoft Excel® spreadsheet, and the data were evaluated individually in non-categorical analyses.14-15
2.5 Critical appraisal and risk of bias of the included studies
The methodological quality and/or risk of bias of the included studies was assessed by two independent reviewers (H.B.F. and L.M.D.) using the ROB 2® tool for randomized clinical trials.Presentation of results and measures of treatment effect and assessment of quality of evidence. The relative risk (RR) is used to estimate the effect size of dichotomous or time-to-event variables, taking into account a 95% confidence interval. For continuous analyses, the difference between means was used. Meta-analyses were performed using Review Manager 5.3® software (RevMan 5.3). The Grading of Recommendations, Assessment, Development and Evaluation (GRADE®) system and the GRADEpro GDT® platform were used to assess the quality of evidence for outcomes included in meta-analyses [16]. Statistical heterogeneity was assessed using chi-square and I2 statistical tests. An I2 value of 0-40% is considered nonsignificant, 30-60% is considered moderate heterogeneity, 50-90% is considered substantial heterogeneity, and 75-100% is considered significant.
2.6 Ethical Considerations
 No research was conducted on human subjects, and no confidential, institutional, or personal information was used. All research was based on data from studies published in electronic databases. This research project was registered in PROSPERO under the registration number CRD42022362775 on October 14, 2022. None of the authors of this meta-analysis has any conflict of interest regarding this research or has received any type of sponsorship for it.
 
3. RESULTS

A total of 46,969 patients were included and with a follow-up of approximately 2,49 years. 66,85% were men. The mean age of those included in the study was 64,07, and 79,8% of them were white. The average HbA1C of the patients was 8,14% and with a reduction in their levels of 0,46%, which is equivalent to a reduction of approximately 5% of the baseline HbA1C level. 66,23% of the sample had established cardiovascular disease. The average time since diabetes diagnosis was 11,48 years.
High risk of bias in the RCTs resulted in publication bias. The quality of evidence regarding the outcomes analyzed in the meta-analysis was evaluated utilizing ROB 2® and depicted in the accompanying chart (Figura 2 and 3).
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Figure 2.  Graph that summarizes the risk of bias based on the authors' judgment for each item of bias risk.
Risk of bias chart 1: The authors' evaluations of each potential source of bias in all
included studies are summarized.

[image: ]Figure 3. Bias Risk Graph: authors' judgments on each bias risk item presented as 
percentages across all included studies, developed with the Software Review Manager 5.4, Belo Horizonte
Risk of bias chart 2: The authors' evaluations of each risk of bias item displayed as a percentage across all studies included.
3.1 Efficacy Results
The meta-analysis evaluated the effectiveness of the ISGLT2 drug class in treating patients with type 2 diabetes mellitus (DM2). Seven clinical trials were included in the analysis. The results showed a significant 38% reduction in the risk of cardiovascular death and hospitalization for heart failure in patients treated with ISGLT2 compared to patients treated with optimized conventional diabetes therapy (p = 0,0005; I² = 92%). There was a slight reduction in the relative risk of MACE between the two groups, but it did not reach statistical significance (RR 0,95; CI 0,86-1,16; p=0,09; I² 49%). However, CKD was associated with a statistically significant risk reduction: The RR of ISGLT2 decreased by 32% in the control group (RR 0,68; 95% CI 0,57-0,82; p<0,0001; I² 59%). The reduction in hospital admissions for heart failure was statistically significant when comparing the two groups, with a RR reduction of 0,70 (RR 0,70; 0,62 to 0,78; 95% CI; p < 0,0001; I² 0%). For the assessment of fatal or non-fatal acute myocardial infarction, there was no reduction when comparing ISGLT2 with optimized diabetes therapy, but there was a trend leading to neutrality in the experimental group versus placebo (RR 0,95; 95% CI 0,88-1,04; p=0,27; I² 1%). The study also examined the risk associated with a decrease in cardiovascular death, revealing an insignificant reduction in all-cause mortality in the experimental group as compared to the placebo cohort (RR 0,82; 95% CI 0,73-1,05; p=0,14; I² 77%). The analysis of the reduction in fatal stroke incidents revealed no significant reduction in the ISGLT2 group with a trend towards neutrality in the experimental group versus placebo (RR 0,97; 95% CI 0,85-1,12; p=0,69; I² 34%). The experimental group exhibited a noteworthy 12% decrease in all-cause mortality, reaching the boundary of the confidence interval when compared to the placebo (RR 0,88; 95% CI 0,78-0,99; p=0,04; I² 65%).
3.2 Adverse Event Findings
 The meta-analysis assessed data from seven randomized clinical trials that present homogeneous and quantitative information regarding the risk of hypoglycemia. The results suggest neutrality, with only a 1% reduction of hypoglycemia observed in the control group. There was no statistically significant increase in fractures in the ISGLT2 group after its introduction, but there was a trend towards a 22% increase in relative risk in this group (p=0,19; I² 81%) based on the risk of fractures at different sites. Regarding the risk of volume depletion with or without hypotension, there was no significant increase in this undesirable effect in the ISGLT2 group, and there was a trend towards neutrality when comparing the groups (p=0,83; I² 74%). There was no significant difference in the risk of serious urinary tract infections, except for cystitis, between the control and placebo groups. The results revealed no statistically significant increase in adverse events in the ISGLT2 group, with a trend toward neutrality in the group comparison (p=0,12; I² 38%).
Additionally, the ISGLT2 group exhibited a slight but significant trend towards reduced serious general adverse events, not including death, when compared to the placebo group. Heterogeneity was evaluated through a fixed model and found to have notable variance. The relative risk (RR) showed a 15% increase (p=0,03; I² 96%) with regards to genitourinary infections in the meta-analysis of SGLT2 usage versus placebo, showing a statistically significant 327% increase in RR. Reassessment of heterogeneity yielded a substantial outcome (p<0,00001; I² 68%). Only the CANVAS, CREDENCE, DECLARE, EMPA-REG, and VERTIS studies reported findings on unscheduled discontinuation, excluding deaths, and demonstrated no statistical significance between the control and placebo discontinuation assessments, indicating a trend towards neutrality.
4. DISCUSSION

The analysis assessed eight primary outcomes and eight adverse effects documented in the RCTs. Seven were evaluated after following the previously described steps. Some studies yielded incomplete data on primary and secondary outcomes and adverse effects. 17-18-19-20 The study's sample group consisted of 75,14% white and 63.11% male patients. Further research in diverse population profiles could address gaps in this meta-analysis. Patients with established cardiovascular disease accounted for 66,23% of the RCTs population, which may present an advantageous patient profile for therapeutic optimization leading to reduced outcomes. On average, patients' HbA1C was 8,12%, and the average duration of a diabetes diagnosis was 11,05 years. This therapeutic category resulted in a slight decrease of 0,46% in Hba1C levels and a minor decrease of 3,55 and 2,75 mmHg, respectively, in systolic and diastolic blood pressure. Consequently, the use of ISGLT2 cannot be recommended for further control of blood pressure levels.
4.1 Evaluating efficacy
All studies that examined positive outcomes presented selective outcomes, indicating a high risk of bias when using the ROB 2.0 and GRADE-PRO tools. Evidence on hospitalization for HF and reduction in the progression of chronic kidney disease was found to be of high degree. Found a significant reduction of 29% in the relative risk of combined cardiovascular deaths and heart failure, despite considerable heterogeneity (RR 0,71; 95% CI; 0,58 – 0,86; p=0,0005; I² 82%). They evaluated the effect of ISGLT2 in both diabetics and non-diabetics, leading to a 25% reduction (p<0,000001). Ahmad and colleagues  discovered comparable results in their study, which incorporated Sotagliflozin, to those presented in our study, with a relative risk (RR) of 0,84, 95% confidence interval (CI) of 0,71-0,98, a P-value of 0,02, and an I² of 67%.21-22
There was a 30% decrease in CHF-related hospitalizations (RR 0,70; CI 0,62-0,78; p <0,00001; I² of 0%). One study reported a statistically significant 52% reduction in CHF rehospitalizations.22 Positive results were observed in non-diabetic patients from the RCT Empagliflozin in Heart Failure with a Preserved Ejection Fraction (EMPEROR) study.23 In vitro studies, animal models, and reviews suggest that medications within this drug class impact cardiomyocytes expressing SGLT2 receptors, potentially justifying the benefits.24-25 The exclusion of heart failure hospitalizations did not lead to a significant reduction in the risk of cardiovascular death (RR 0,87; 95% CI 0,73-1,05; p=0,14). The progression of kidney disease was reduced by 32% with statistical significance (p<0,0001) according to one real-life study [24]. Their cohort also reported a 49% reduction in the combined renal outcome (95% CI 0,35-0,67; p < 0,0001).26 It evaluated the renal outcomes of ISGLT2 and Sotagliflozin in diabetics and non-diabetics. They found a significant reduction in this outcome (RR 0,70; 95% CI 0,58-0,83], p < 0,0001; I2 = 0,00%), as well as an improvement in microalbuminuria.26 However, further research is needed for primary prevention. The Taiwanese retrospective cohort studied 53,264 patients taking ISGLT2 versus DPP4. The all-cause mortality rate in SGLT2 inhibitor and DPP4 inhibitor users was 8,67 and 12,41 per 1000 person-years, respectively. Researchers evaluated 21 randomized controlled trials in patients with and without diabetes mellitus type 2 and found a 14% decrease in all-cause mortality (95% CI, 0,81; 0,91; p <0,00001).27 The current systematic review demonstrates a statistically significant 12% reduction in this outcome (p=0,04).28
Poor glycemic control, length of time since diabetes diagnosis, and early age at diabetes diagnosis are distinct risk factors that lead to major vascular events, including fatal and non-fatal AMI and stroke. In patients with DM2, no benefits in these outcomes were observed, in accordance with one meta-analysis (RR 0,955 CI 0,799-1,135; p- 0,585).29 Similarly, Other study found no significant reduction in the risk of stroke (HR, 0,86; 95% CI, 0,65-1,08).30 A comprehensive strategy is necessary for the treatment of DM2 to reduce the risk of AMI and stroke, alongside further research studies on residual risk factors.31 
One RCT did not provide the absolute numbers of these events in their databases and they were indirectly determined through other publications [19]. The analysis of the data from the CREDENCE study may have been subject to publication bias and possible data imputation due to the numbers recorded in the Clinical Trial.30,32 Further investigation is required to better understand the additional cardiovascular benefits of ISGLT2. Additionally, it is critical to evaluate the adjustments made in clinical trials and any losses caused by other deaths and/or unjustified discontinuation of follow-up. New analyses will be explored to address gaps in our publication.
4.2 Evaluation of undesirable effects and safety
ISGLT2 is considered safe based on its exceptional efficacy in treating CHF patients. Most publications have limited information about the drug's adverse effects, but the Clinical Trial's data shares crucial insights. The glycosuria side effect poses a potential risk of hypoglycemia, which is the primary hindrance in achieving optimal glycemic control. Intensive glycemic control raises the risk of severe hypoglycemia by 1,5 to 3 times. Hypoglycemia occurrence is linked to increased mortality, greater risk of dementia, cognitive dysfunction, falls (including increased fractures), cardiovascular events, and poorer quality of life.31 ISGLT2's association with other AHO (p-0,56) indicates no statistical significance or effect with respect to hypoglycemia. Researchers conducted an evaluation of more than 170,000 patients taking ISGLT2 and their hospitalizations due to hypoglycemia.31 The results showed no increase in the risk of hospitalizations.30 However, the use of ISGLT2 along with insulin demonstrated a 3,26-fold increase (OR 3,26; 95% CI 2,43-4,38). This increased risk occurred more commonly in frail elderly individuals and those on insulin therapy. Thus, further studies are required to establish the safety of this treatment despite the benefits of its efficacy. Fracture risk also remains a significant concern. Researchers conducted a COX proportional hazards analysis of ISGLT2 versus IDPP4, which revealed no significant difference between the two groups: 0,95 (95% CI, 0.79-1.13) and 0,88 (95% CI, 0,88-1,00), respectively.33-34 An additional analysis involving 137,667 individuals with DM2 and ≥65 years old without previous fractures identified a difference among new users of ISGLT2 versus IDPP4 or GLP1 analogues.35 The trend showed an increase of 1,22, but the risk did not significantly rise (p-0,19). Ruanpeng and colleagues assessed 8,286 participants diagnosed with type 2 diabetes in phase 2 and 3 randomized controlled trials. They found that the risk of fracture was 33% lower (RR 0,67; 95% CI, 0,42-1,07).36 In a second meta-analysis of 27 RCTs in type 2 diabetes, the authors found no statistically significant increase in the risk of fractures (RR 1,02 95% CI 0,81-1,28).25 Our findings differ from the aforementioned studies and may be due to the exclusion of phase 2 clinical trials and non-"double-blind" studies.37
The CANVAS-PROGRAM study revealed a notable rise in fractures, primarily in the limbs, which do not classify as fragility fractures. This upswing in fractures can be attributed to the fact that the participants chosen for the study had advanced kidney disease and some level of peripheral arterial disease. Publishing the results in "person-years" may indicate a publication bias.30,32 There was no significant distinction between the groups (p-0,83), and the risk of hypotension did not increase. Rong and colleagues found no statistically significant increase in the aforementioned risk (RR 1,17; 95% CI: 0,65-2,09). However, there was a higher incidence of hypotension in patients who were under the age of 60 and/or those whose mean blood pressure was ≤130x90 mmHg prior to initiating treatment. In Other subsequent study in 2022, it was reported that there is an increased risk of hypovolemia (RR 1,12 95% CI: 1,02-1,22) in patients with an estimated glomerular filtration rate (GFR) <60 mL/min/1.73 m².35 Most studies excluded patients with a GFR <20 mL/min/1.73m² or systolic blood pressure (SBP) <100. The potential for orthostatic hypotension should be considered in patients who are elderly, have long-standing diabetes, and have certain blood pressure levels at baseline, as well as in patients with comorbidities.38 The potential for orthostatic hypotension should be considered in patients who are elderly, have long-standing diabetes, and have certain blood pressure levels at baseline, as well as in patients with comorbidities. A substantial rise of 327% (p-<0,00001) in genitourinary mycotic infections was observed. It is suggested that patients at higher risk for mycotic infections be categorized, though there is a shortage of analyses that assess this side effect.
There was a slight trend towards an increased risk of severe urinary infections, which lacked statistical significance (p=0,12). An observational study, conducted between 2019 and 2021, on 853 UTI patients admitted to the hospital, showed that the risk of UTI was higher by 3,70 times in ISGLT2 users compared to those under conventional therapy, with a p-value less than 0,001. Additionally, the risk was higher in women (OR 1,75; p=0,031). However, the findings contradict this study, which included over 700,000 patients and found no significant increase in outpatient UTI risk (OR 0,98; 95% CI, 0,68-1,41). Therefore, for patients with low UTI risk, ISGLT2 appears to be a safe option.40 Nevertheless, the lack of clear explanation for discontinuation remains a critical limitation in this systematic review. 
Our study's primary limitations included variations in the eligibility of selected DM2 patients, discrepancies in the duration of RCTs, and inadequate specification regarding the degree and timing of established cardiovascular disease in most patients. As a result, further research is required to clarify the impact of this category of drugs on primary prevention. The considerable amount of inaccessible or incomplete primary data may prevent a fully accurate analysis, which could be rectified if the authors were able to retrieve all the data. Our systematic review did not encompass real-life studies. As real-life studies and clinical trials in specific subpopulations are published, our assumed gaps may be filled over time.

5. CONSIDERAÇÕES FINAIS

Treatment with ISGLT2 in patients with type 2 diabetes mellitus reduced the rate of hospitalization for heart failure and slowed the progression of kidney disease or combined renal outcomes. However, these drugs did not significantly affect the major combined endpoint. The reduction in mean glycated hemoglobin levels was minor or insignificant, and glycemic control was inadequate to meet recommended targets. Risk-based prescribing criteria need to be developed for female patients, patients with long-standing diabetes, patients who are at risk of urinary tract infections, frail patients, and those at risk of fractures. Additionally, there is a need to gain better insight into the effects of this drug class on primary prevention.
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