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ABSTRACT

Introduction: prone ventilation has been shown to improve oxygenation and lung mechanics in patients 
with acute respiratory distress syndrome, but I consider it necessary to delve deeper into the relationship 
between the prone position and mortality. Objectives: To evaluate whether the prone position decreases the 
risk of mortality in adult patients with acute respiratory distress syndrome vs. supine ventilation, in a global 
and segmented manner, as well as to know the main adverse effects related to it. 
Method: a meta-analysis of randomized controlled clinical trials comparing patients in the prone vs. supine 
position was performed with a search in Pubmed, Embase, Cochrane Library and LILACS, and mortality, 
hospital stay, days of mechanical ventilation and adverse effects were evaluated. 
Results: seven randomized controlled clinical trials were included in the analysis. The prone position showed 
a non-significant tendency to decrease mortality when analyzed globally. When stratified by subgroups, a 
significant decrease in the risk of mortality was found in patients: 1) ventilated with low tidal volume, 2) 
prolonged prone position, and 3) established before 48 hours of disease progression in severe hypoxemia. 
The adverse effects related to prone position were the development of pressure ulcers and orotracheal tube 
obstruction. 
Conclusion: prone position ventilation is a safe strategy and reduces mortality in patients with severe 
oxygenation impairment. It should be established early, for prolonged periods, and associated with a 
protective ventilation strategy.
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RESUMEN

Introducción: la ventilación en posición prona ha demostrado mejorar la oxigenación y la mecánica pulmonar 
en pacientes con síndrome de dificultad respiratoria aguda pero considero necesario profundizar sobre la 
relación entre la posición prono y la mortalidad. 
Objetivos: evaluar si la posición en prono disminuye el riesgo de mortalidad en pacientes adultos con 
síndrome de distres respiratorio agudo vs. ventilación en posición supina, de manera global y segmentada así 
como también conocer los principales efectos adversos relacionados con la misma. 
Método: se realizó un metaanálisis de ensayos clínicos controlados aleatorizados que compararon pacientes 
en posición prona vs. Supina con búsqueda en Pubmed, Embase, Cochrane Library y LILACS.y se evaluó la 
mortalidad, estancia hospitalaria, días de ventilación mecánica y efectos adversos. 
Resultados: siete ensayos clínicos controlados aleatorizados fueron incluidos en el análisis. La posición prono 
mostró una tendencia no significativa a disminuir la mortalidad al analizarlo de manera global. Al estratificar
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por subgrupos se encontró una disminución significativa en el riesgo de mortalidad en pacientes: 1) ventilados 
con volumen corriente bajo, 2) pronación prolongada y 3) instauración antes de 48h de evolución de la 
enfermedad en hipoxemia severa. Los efectos adversos relacionados con la pronación fueron el desarrollo de 
úlceras por presión y la obstrucción del tubo orotraqueal. 
Conclusión: la ventilación en posición prono es una estrategia segura y disminuye la mortalidad en los 
pacientes con compromiso severo de la oxigenación, debe ser instaurada tempranamente, durante periodos 
prolongados y asociada a una estrategia de ventilación protectora.

Palabras clave: Síndrome de Dificultad Respiratoria del Adulto; Posición Prona; Metaanálisis.

INTRODUCTION
Sodium-glucose cotransporter 2 (SGLT2) inhibitors have become innovative in treating type 2 diabetes. 

Not only do they directly impact blood glucose control, but they have also been shown to reduce long-term 
complications related to the disease. These drugs block glucose reabsorption in the renal tubules, resulting 
in decreased plasma glucose levels and additional calorie loss that promotes weight loss. This mechanism of 
action represents a novel strategy compared to traditional treatments that focus primarily on insulin and its 
metabolism.(1)

The effect of SGLT2 inhibitors on reducing cardiovascular risk has been particularly noteworthy. Research 
has revealed that these drugs can significantly reduce the incidence of events such as heart attacks, strokes, 
and cardiovascular mortality, especially in patients with a history of cardiovascular disease. This is crucial, 
given that patients with type 2 diabetes have a significantly higher risk of cardiovascular events.(2)

SGLT2 inhibitors have also marked a significant advance in managing renal complications in patients with 
type 2 diabetes. Clinical studies have shown that, in addition to improving kidney function through direct 
protective mechanisms, these drugs reduce the progression to end-stage kidney disease, a development of 
great relevance in nephrology.(3,4)

In addition to these benefits, SGLT2 inhibitors have positively influenced overall mortality. Extensive clinical 
studies, such as EMPA-REG OUTCOME and DAPA-HF, have shown that their use is associated with a decrease in 
both total and cardiovascular mortality, representing a significant advance in terms of survival and quality of 
life for patients with type 2 diabetes.(5,6)

However, although SGLT2 inhibitors are generally well tolerated, they also present certain risks. A higher 
incidence of urinary tract and genital infections has been documented, as well as an increase in cases of 
diabetic ketoacidosis, especially in situations of metabolic stress or when the dosage is not adequate. In 
addition, some studies have reported an increased risk of lower limb amputations, which has sparked debate 
about their use in patients at high risk of peripheral vascular complications.(7,8)

In summary, SGLT2 inhibitors represent a class of drugs with great potential in treating type 2 diabetes, 
providing benefits beyond simple glucose control. Although current evidence supports their use in several 
clinical settings, further research is essential to refine their application and optimally manage the associated 
risks. As more data are collected and clinical experience expands, it will be possible to refine guidelines and 
recommendations on their safest and most effective use.(9,10,11)

General objective
To analyze the therapeutic impact of sodium-glucose cotransporter 2 (SGLT2) inhibitors in the treatment of 

type 2 diabetes, considering their benefits in glycemic control, cardiovascular and renal protection, as well as 
their potential risks, in order to assess their role in the comprehensive management of this disease.

What is the clinical impact of sodium-glucose cotransporter type 2 (SGLT2) inhibitors in the comprehensive 
treatment of type 2 diabetes, considering their cardiovascular, renal, and mortality benefits and the risks 
associated with their use? 

METHOD
Study design 

This study was conducted as a systematic review and meta-analysis of randomized controlled trials (RCTs) 
to evaluate the efficacy of SGLT2 inhibitors in patients with type 2 diabetes. The studies were reviewed and 
analyzed manually to ensure a rigorous and comprehensive process.

Study Search
A comprehensive search was conducted in the PubMed and Cochrane databases. The search strategy focused 

on randomized controlled trials published since 2009, using search terms such as “SGLT2 inhibitors,” “type 2 
diabetes,” and “cardiovascular risk.” Studies published in English, Spanish, and Portuguese were included.
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Figure 1. Process for identifying included studies

Inclusion Criteria
•	 Randomized controlled trials (RCTs), systematic reviews, meta-analyses, and clinical studies.
•	 Studies that included adults (≥18 years) diagnosed with type 2 diabetes.
•	 Research that evaluated the use of SGLT2 inhibitors.
•	 Studies that used standardized methods to measure glycemic and cardiovascular outcomes.
•	 Publications in peer-reviewed journals from 2009 to 2024, with no language restrictions.

Exclusion Criteria
•	 Non-randomized or uncontrolled studies.
•	 Research conducted in animals or pediatric populations.
•	 Studies that did not report standardized measures of glycemic and cardiovascular outcomes.

Study Variables
•	 Glycated hemoglobin (HbA1c): Quantitative variable, measured as a percentage (%).
•	 Major adverse cardiovascular events (MACE): Qualitative variable (presence/absence), number of 

events reported.
•	 Renal function (e.g., glomerular filtration rate): Quantitative variable, measured in mL/min/1,73 

m².
•	 Blood Pressure: Quantitative variable, measured in millimeters of mercury (mmHg).
•	 Body Weight: Quantitative variable, measured in kilograms (kg).
•	 Adverse Events: Qualitative variable (presence/absence), number of events per patient.

Quality Assessment and Data Analysis
An initial manual review of titles and abstracts was conducted to exclude irrelevant studies. This was followed 

by a detailed evaluation of the full texts of the selected studies based on predefined criteria. The information 
was collected and organized using a data extraction form. The results were analyzed using descriptive statistics 
to estimate the efficacy and safety of SGLT2 inhibitors in the treatment of type 2 diabetes and cardiovascular 
risk reduction.

RESULTS
A comprehensive search of various databases Participant Characteristics

A total of 950 432 people participated in the included studies, all diagnosed with type 2 diabetes and 
various cardiovascular risk profiles. The mean age of the participants ranged from 50 to 70 years. In most 
studies, approximately 40 % to 65 % of individuals had established atherosclerotic cardiovascular disease. 
In addition, some studies also included individuals with cardiovascular risk factors but without established 
disease, as observed in one study where 59,4 % of participants had these factors without prior cardiovascular 
disease.(12,13)
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Reduction in HbA1c
Regarding glycemic control, the reduction in HbA1c levels varied among the studies reviewed. In one of the 

trials, a 0,74 % decrease was observed compared to the placebo group.(14,15) On the other hand, a meta-analysis 
showed that patients treated with SGLT2 inhibitors experienced an average reduction of 0,91 %.(16,7,18) Another 
study found a reduction of 0,79 %, highlighting that patients with higher baseline HbA1c levels achieved a 
greater decrease during treatment. Overall, studies showed a lower HbA1c in the 0,42 % to 1,2 % range, with a 
more minor impact in those without prior cardiovascular disease.(19)

Cardiovascular Risk
Decreased cardiovascular risk was a consistent finding in most studies. In a clinical trial, a 23 % reduction in 

the combination of events such as cardiovascular death or hospitalization for heart failure was reported.(20) A 
meta-analysis indicated that the reduction in cardiovascular risk was also 23 %, with a more pronounced effect 
in patients who already had cardiovascular disease.(21) Another study revealed that cardiovascular mortality 
decreased by 38 % in patients treated with empagliflozin, while another meta-analysis reported a 26 % decrease 
in cardiovascular mortality in high-risk individuals.(22,23)

Blood pressure (SBP/DBP)
The studies reviewed also showed moderate effects on blood pressure. One trial reported a decrease of 

4,2 mmHg in systolic blood pressure (SBP) and 1,8 mmHg in diastolic blood pressure (DBP) (Fitchett, 2017). 
Similarly, another meta-analysis reported an average decrease of 4,5 mmHg in SBP (Palmer, 2021). A reduction 
of 4,0 mmHg in SBP was observed in a third study, although some studies reported no significant changes in DBP.

Body weight
Weight reduction was a consistent finding in studies evaluating this parameter. One trial showed that 

patients treated with SGLT2 inhibitors experienced an average reduction of 2,63 kg at 24 weeks of follow-up.(25) 
In another study, weight loss was 2,2 kg,(26) while a meta-analysis indicated an average reduction of 2,6 kg.(20) 
In several studies, weight loss ranged from 1,6 kg to 3,0 kg, most of the reduction observed in the first months 
of treatment.

Adverse Events
Genitourinary infections and diabetic ketoacidosis were the most common adverse events reported. One 

study showed that genital infections increased by 2 % compared to placebo.(27) On the other hand, a meta-
analysis identified an increased risk of diabetic ketoacidosis in some observational studies.(28) Apart from these 
events, studies concluded that SGLT2 inhibitors were generally well tolerated, with no other significant adverse 
effects reported.

Renal Results
Renal outcomes showed that disease progression slowed in several of the studies reviewed. In one clinical 

trial, a 35 % reduction in hospitalization for heart failure and a notable improvement in renal function were 
reported.(29) A meta-analysis showed a 45 % reduction in progression to end-stage renal disease,(30) while another 
study reported a 40 % decrease in the risk of developing end-stage renal failure.(11) Overall, SGLT2 inhibitors 
provided significant renal protection in patients with type 2 diabetes and cardiovascular risk.

DISCUSSION
This systematic review confirms the value of SGLT2 inhibitors in treating type 2 diabetes, especially in 

cardiovascular risk reduction and renal protection. Previous studies have reported these effects, and our review 
reinforces that evidence without claiming to present revolutionary findings. Our findings are consistent with the 
existing literature. For example, the EMPA-REG OUTCOME study had already shown a significant 38 % reduction 
in cardiovascular mortality with the use of empagliflozin, which we also observed in several reviewed studies, 
with reductions ranging from 23 % to 38 %, depending on the risk profile of the patients.(15,19,20) The benefits 
appear to be more pronounced in patients with prior cardiovascular disease, a pattern consistent with previous 
studies.

Regarding renal benefits, the results are also consistent with studies such as the CANVAS Program, which 
demonstrated a 40 % reduction in the risk of progression to end-stage renal disease.(25) Other studies reviewed 
in our research also reported reductions in kidney disease progression and improvements in kidney function.(4,7)

Although the results are promising, it is important to note some limitations. Heterogeneity between studies 
may have affected the results, as patient characteristics, follow-up duration, and methods used to measure key 
variables vary considerably. For example, the reduction in HbA1c ranged from 0,42 % to 1,2 %, suggesting that 
effects may depend on factors such as baseline glucose levels and patient demographics.(10,11) Also, some studies 

Rehabilitation and Sports Medicine. 2025; 5:5  4 



did not report complete data on diastolic blood pressure, limiting the analysis of effects on blood pressure 
overall.(13,20,21)

Another methodological limitation was the lack of long-term follow-up in some studies to evaluate adverse 
effects consistently. Although most studies concluded that SGLT2 inhibitors were well tolerated, certain adverse 
events, such as genitourinary infections, were reported more frequently in some cases.(29,30) This suggests that 
more research is needed to better understand the long-term safety of these drugs.

CONCLUSIONS
Although these findings are not revolutionary, this review supports what is already known about SGLT2 

inhibitors, highlighting their usefulness in glycemic control and their positive impact on reducing cardiovascular 
and renal risk. The main point is that patients with high cardiovascular risk-benefit most from these treatments. 
However, it remains to be determined whether patients with lower risk or in earlier stages of diabetes obtain 
the same benefits.

Despite the encouraging results, there are still areas that need further study. For example, it would be 
helpful to investigate the impact of SGLT2 inhibitors in patients without cardiovascular or renal complications 
at the start of treatment. Although current studies have focused primarily on high-risk populations, it remains 
to be seen whether these benefits extend to other groups.

It would also be important to study the mechanisms behind these drugs’ cardiovascular and renal effects. 
Although the benefits of reducing cardiovascular events and renal progression are clear, the exact processes 
underlying these effects are not fully understood. A better understanding of these mechanisms could help 
optimize their use.

Finally, it would be helpful to investigate ways to mitigate adverse effects, such as genitourinary infections 
and diabetic ketoacidosis, to improve the tolerability of these drugs in the broader population.
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