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 Sodium-glucose co-transporter two inhibitors (SGLT2) present a 

growing area in the treatment of heart failure. In the literature, the 

primary focus has been given on the treatment of heart failure in patients 

with reduced ejection fraction (HFrEF) in other words, (LVEF <40). 

Several exploratory trials assess the efficacy of SGLT2 inhibitors in the 

treatment of heart failure with preserved ejection fraction (HFpEF), that 

is LVEF ≥ 40. We aimed to systematically analyze the effect of SGLT2 

inhibitors on HFpEF patients including the primary and secondary 

outcomes of this therapy. A systematic review and meta-analysis of 

randomized controlled trials on SGLT2 inhibitors in HFpEF patients has 

been performed. MEDLINE, EMBASE, PubMed, SCOPUS, and 

Cochrane databases were searched for trials published up to March 31, 

2022. Data was extracted from published studies, and quality assessment 

was performed as per Cochrane recommendations. Standard mean 

differences and risk ratios were calculated using the Cochrane handbook 

for a pooled analysis of the trials. Out of the identified 9,982 database 

results, 10 randomized trials were included in this meta-analysis. 

Primary outcomes measured included increased exercise endurance from 

baseline, the change in the Kansas City Cardiomyopathy Questionnaire 

(KCCQ-12) responses and outcomes from baseline, all-cause mortality, 

and the risk of adverse effects. The pooled analysis revealed a standard 

mean difference of -0.51[-0.60, -0.41], -0.36[-0.78, 0.05], respectively, 

for exercise endurance and KCCQ-12 responses. Pooled analysis of the 

 

 

 



Affas, et.al, 2022                                                                                                     Azerbaijan Medical Journal 

 

2178 
 

risk ratios of 0.97[0.88, 1.07] revealed a minimal reduction of all-cause 

mortality in the SGLT2 treatment intervention group compared to 

placebo. A documented risk ratio of 0.97(0.87, 1.08, CI,95%) posed 

concerns about the safety levels of SGLT2 inhibitors. Heterogeneity 

across the analysis was insignificant, P<1. The review noted a significant 

association between SGLT2 inhibitor therapy and improved exercise 

endurance and KCCQ-12 response. Overall, SGLT2 inhibitors can 

remarkably reduce heart failure-related hospitalization and urgent 

hospital visits in HFpEF patients. 
   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Over the last six decades, treatment intervention for HFpEF, especially in diabetic patients, has presented a 

clinical conundrum in the healthcare population. According to studies, more than one person in five people 

diagnosed with type-2 diabetes mellitus (T2DM) dies from heart failure, especially elderly individuals 

above sixty-five years of age [1]. SGLT2 inhibitors have been documented extensively as one of the most 

potent tools and alternative clinical medication interventions for decreasing adverse outcomes in patients 

diagnosed with HFpEF. [2], [3- 10] Figure 1. Clinical trials like DAPA-HF and the EMPEROR-Preserved 

clinical trials observed a significant association between SGLT2s such as dapagliflozin and empagliflozin in 

improving heart failure hospitalization and a decreased risk of cardiovascular mortality in the participants. 

[11], [12]. 

 

Despite the positive associations documented by most studies, the efficacy of these SGLT2 inhibitors 

remains unclear regarding specific individual endpoints such as gross mortality and cardiovascular 

mortality. Following this observation, we deem the (RCTs) as indecisive as they lack the overall ability to 

describe a definitive assessment and evaluation of some critical endpoints. This observation prompted the 

researchers to conduct a comprehensive systematic review and meta-analysis on the RCTs reporting the 

efficacy of SGLT2 inhibitors in secondary endpoints such as cardiovascular mortality and hospitalizations 

in patients with HFpEF. 

https://www.azerbaijanmedicaljournal.com/
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FIGURE 1: [18] 

 

2. Methods 

 

2.1 Search strategy and Study Selection 

A systematic search of relevant articles was done according to the Preferred Reporting Items for Systematic 

Reviews and Meta-analyses (PRISMA) recommendations. We searched MEDLINE, EMBASE, PubMed, 

SCOPUS, and Cochrane databases until March 31, 2022. We examined studies analyzing the impact of 

SGLT2 inhibitors on HFpEF patients. The following keywords were used in all databases; heart failure, 

sodium-glucose co-transporter two inhibitors or SGLT2, dapagliflozin, empagliflozin, sotagliflozin, 

ertugliflozin. Articles had to meet four inclusion criteria: (1) RCTs on SGLT2 inhibitors in patients with 

HFpEF and placebo, (2) Studies that reported at least one risk estimate, (3) Studies reporting novel research 

results, (4) Studies conducted in the last 2 decades and written in English. We excluded studies published in 

other languages; reviews, editorials, or commentaries; and full-text copy of the article can’t be retrieved in 

any form. Careful checking of the included studies was done to eliminate the duplicate publication. 

 

2.2 Data Extraction and Quality Assessment 

In a two-step screening process, two investigators (ZRF and BR) independently reviewed the titles and 

abstracts of 65 articles that met the inclusion criteria. Full-text reviews of these 65 articles were screened in 

detail and excluded 55 articles from the list which were not specific to the topic and wrong publication type. 

10 eligible studies were reviewed in the final step by investigators (ZRF and BR), and the following data 

were extracted: include baseline characteristics you retrieved from all 10. 

 

2.3 Data Analysis 

The extraction of baseline characteristics was a critical part of this systematic review and meta-analysis. 

Two independent researchers extracted these baseline measures to derive the most consistent and viable 
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baseline characteristics for incorporation in the systematic review and meta-analysis. These results were 

then tabulated and documented in TABLE 1 in the results section. Through the use of the Cochrane Toolkit 

for systematic review and meta-analysis, REVMAN 5.4 [13] odds ratios [ORs] or hazard ratios [HR] were 

calculated using a 95% confidence interval. The researchers highlighted mortality and rates of 

hospitalization as the primary outcomes examined in patients treated with SGLT2 inhibitors. Moreover, 

weighted mean differences were used to pool continuous outcomes. Using the Cochrane Q test and I2 

statistics, the researchers calculated the prevalence of heterogeneity in the included studies. P-values below 

0.1 and an I2 score of less than 25% were considered statistically insignificant in terms of heterogeneity. 

 

2.4 RISK OF BIAS 

Measures like obscuring randomization, inclusion/exclusion criteria, individual screening, blind ended data 

processing and study considerations with intention to treat analysis were taken into consideration to 

minimize rate of bias. The healthcare population providing the treatments could not be blinded. Cochrane 

Handbook for Risk of Bias, as shown in Figure 2, was used to evaluate the overall risk of bias, which was 

determined. The risk of bias for the studies was determined as having a high, low, or unclear risk of bias. 

Table 1 below represents data derived from sequence generation, allocation concealment, blinding of 

participants, personnel and outcome assessors, incomplete data, selective outcome reporting, and other risk 

areas addressed in the Cochrane tool. 

 

 
Figure 2; Risk of bias graph: review authors' judgements about each risk of bias item presented as 

percentages across all included studies. 

 

An assessment of the RCTs included in the study revealed insignificant bias. A majority of the studies 

reported both primary and secondary outcomes associated with SGLT2 inhibitors for treating patients 

suffering from heart failure and exhibiting preserved ejection function. 

 

3. RESULTS 

 

3.1 Search Results 

On running the previously outlined search terms on several medical databases to retrieve published and gray 

literature on the effects of SGLT2 inhibitors in patients with heart failure and preserved ejection function, 

we derived nine thousand, nine hundred and eighty-two works of literature figure 3. An analysis of these 

studies revealed seven thousand nine hundred and twenty duplicates which the principal researchers 

excluded. Based on the eligibility criteria devised above by the principal researchers, a title and abstract 
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screening prompted the exclusion of one thousand nine hundred and ninety-five studies. Further 

stratification of the included studies revealed ten studies for inclusion in the systematic review and meta-

analysis. Other factors leading to excluding studies, as detailed by the PRISMA flow chart below, included 

crossover trials, non-placebo control trials, a lack of heart failure estimates, and any outcome of 

significance. 

 

 
Figure 3. PRISMA FLOW DIAGRAM. 
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3.2 Study Characteristics 

BASELINE CHARACTERISTICS OF THE INCLUDED STUDIES. 
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HFpEF= preserved ejection fraction heart failure, LVET= left ventricular ejection fraction. SGLT2= 
sodium-glucose co-transport 2. 

 

 
Figure 4. Forest plot showing the change in exercise capacity. 

 

https://www.azerbaijanmedicaljournal.com/
https://clinicaltrials.gov/show/NCT03448406
https://clinicaltrials.gov/show/NCT03448406


ISSN: 0005-2523 

Volume 62, Issue 06, August, 2022 

  

2183 
 

The change in exercise capacity was calculated by analyzing and evaluating a six-minute walking distance 

in the treatment group vs. placebo figure 4. Fluxes were calculated by the differences between the endurable 

six-minute walks at baseline, at a designated point during each study, and at the end of the trial follow-up 

period. A standard mean difference of (-0.51 [-0.60, -0.41) in a 95% CI indicates a significant association 

between SGLT2 inhibitors to the improvement of exercise endurance. The high heterogeneity score 

between the studies, I2= 98%, presented by the meta-analysis was attributed to the variety of SGLT2 

medications incorporated. 

 

 
Figure 5; shows the forest plot of the changes in the Kansas City Cardiomyopathy Questionnaire (KCCQ-

12) at the end of the follow-up period for SGLT2 groups vs. placebo. 

 

The derivation of a negative Standard mean difference (-0.36 {-0.76, 0.005} in terms of the KCCQ figure 5. 

Measurements showed a statistically significant association between the use of SGLT2 inhibitors in patients 

with preserved ejection fraction. A I2 value of 97% showed a high heterogeneity between the included 

clinical trials. 

 

 
Figure 6; forest plot showing All-cause mortality in the trials. 

 

All-cause mortality (RR 0.97[0.88, 1.07, 95% CI, p=0.53) was slightly reduced in the Sglt2 treatment 

intervention group compared to placebo figure 6. All-cause mortality accounted for all cardiovascular 

deaths, non-cardiovascular deaths, and drug-related deaths occurring during the trial periods of specific 

studies. The analysis also found a low heterogeneity score of I2=0%, P<1, across the studies. 
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Figure 7: forest plots showing the prevalence of severe adverse events during the trial period. 

 

The trials noted the significant association between severe adverse events during the trial periods resulting 

in the withdrawal of patients in the SGLT2 inhibition treatment groups figure 7. A documented risk ratio of 

0.97(0.87, 1.08, CI,95%) posed concerns about the safety levels of SGLT2 inhibitors. Heterogeneity across 

the analysis was insignificant, P<1. 

 

4. DISCUSSION 

This meta-analysis aimed to compare the outcomes of the RCTs among HFpEF patients. As per evidence, 

SGLT2 inhibitors have a role in the reduction of mortality rate and KCCQ in HFpEF patients, thus 

improving their quality of life. On review of the various ailment levels recorded by individual studies on the 

use of SGLT2 inhibitors, the researchers observed a higher association between the HFpEF condition and 

several comorbidities which included T2DM. SGLT2 inhibitors significantly impacted the rates of exercise 

endurance among HFpEF patients. The review identified several types of SGLT2 inhibitors treated for 

HFpEF patients with the trial, including Empagliflozin [16], [23], [24]. The clinical trials analyzing 

empagliflozin as a potential treatment intervention for HFpEF patients included the EMPEROR-Preserved 

trial; NCT03057951 [16] and the EMPERIAL-Preserved trial; NCT03448406 [16], [23]. Dapagliflozin 

inhibitors were investigated by the DECLARE-TIMI 58 trial; NCT01730534 [14]. The SOLOIST-WHF, 

2020; NCT01730534 [15] investigated Sotagliflozin, while the VERTIS NCT01986881 investigated 

Empagliflozin. Trial [25], [20]. 

 

This systematic review and meta-analysis on the use of SGLT2 inhibitors on patients with HFpEF offers an 

update to a recent systematic review and meta-analysis conducted by [26]. The omission of a number of 

trials listed above in the meta-analysis like the VERTIS and the DECLARE-TIMI controlled trials, was due 

to discrepancies in the type of data presented by the studies. The inclusion of these studies and trials in the 

meta-analysis would present biases in assessing the study results retrieved by this review. The majority of 

the excluded trials from the meta-analysis, although highlighting HFpEF patients with an LVEF score of 

above forty percent in their result sections, data synthesis by the researchers revealed that the presented data 

from the literature encompassed the whole population i.e., patients with reduced ejection fractions HFrEF 

and Preserved ejection fractions, HFpEF were all grouped and their results generalized together. In 

comparison to the meta analysis conducted by [1] to our review, the inclusion of these studies introduced a 

significant risk of reporting bias to the review. 

 

The review also noted the inclusion of different LVEF cut-off points in specific RCTs, for example, the 

EMPEROR -Preserved, EMPERIAL-Preserved, and the PRESERVED-HF, used a very low LVEF cut-off 

score of forty percent, while the SOLOIST-WHF trial used a lower threshold of more than fifty percent on 

the LVEF score [26]. Regarding the events of cardiovascular and all-cause deaths, our results are similar to 

observations made in the SOLOIST-WHF trial. Our observations included patients mostly diabetic with 

heart failure on treatment with SGLT2 inhibitors exhibited decreased incidence of cardiovascular deaths 

and the need for urgent hospitalization compared to placebo [15]. 

 

The EMPEROR-preserved clinical trial demonstrated a statistically significant association between SGLT2 

inhibition treatment and a reduction in the rates of composite cardiovascular deaths and urgent 

hospitalization in HFpEF patients who were treated with empagliflozin [16]. The thorough sub group 

analysis of different clinical outcomes in the EMEPEROR-Preserved trial that examined patients exhibiting 

different LVEF scores of forty to fifty percent, and those of fifty to sixty percent reported a few 

discrepancies between the sub-group analysis. That cements its empirical importance when examining the 

https://www.azerbaijanmedicaljournal.com/
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impact of SGLT-2 cotransporter inhibitors in preserved ejection fraction heart failure [26]. Similarly [15] 

from NEJM observed a decrease in composite cardiovascular deaths and urgent hospitalization rates in 

patients treated with sotagliflozin. This observation has been collaborated by studies conducted by [27]. 

Furthermore, the results of the EMPEROR-preserved noted that SGLT2 inhibitor empagliflozin improved 

the cardiovascular and all-cause mortality of HFpEF patients with LVET values of between fifty and sixty 

percent. This was contrary to the previous observation of a null association between SGLT2 inhibitors by 

candesartan, sacubitril-valsartan, and spironolactone [28], [29]. 

 

Although treatment with SGLT2 inhibitors resulted in a decreased hospitalization rate, on careful analysis 

and synthesis of results, the impact on mortality was slightly significant, with a risk ratio of 0.97. This 

observation poses the question of the overall safety of the intervention of SGLT2 inhibitors on HFpEF 

patients. The significant incidence of adverse effects with multiple cases leading to the complete drop-out 

of participants from the trials contributed significantly to the safety concerns of SGLT2 inhibitors in HFpEF 

patients. The prevalence of adverse effects witnessed in the included trials is in line with known risks 

attributed to SGLT2 treatments. 

 

[30]. reported that a majority of clinical trials reporting on the use of SGLT2 inhibitors for treating HFpEF 

patients recorded a close association in the reduction of hospitalization and an improvement in the quality 

of life of patients. Also, the positive alteration of the KCCQ-12 responses in the review suggest the 

adoption of empagliflozin or dapagliflozin at a dose of ten milligrams daily as the most efficient dose for 

the better therapeutic effect for treating HFpEF patients [31], [32]. 

 

5. Conclusions 

Several included studies highlighted limitations and challenges in the course of the trial. The 

discontinuation of trials due to a lack of funding by the trial sponsors was a significant challenge for the 

researchers. The loss of funding resulted in the need to adjudicate results on the resumption of these studies. 

The EMPEROR-preserved trial also observed a limitation in the large number of participants with an LVEF 

of less than fifty percent. This definition did not fit the definition of heart failure with preserved ejection 

fraction. 
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