
ANALYSIS ARTICLE | OPEN ACCESS   

Medical Science 27, e115ms2909 (2023)                                                                                                                                                          1 of 11 

 

Outcomes of sodium-glucose 
cotransporter-2 inhibitors in 
patients with heart failure with 
or without diabetes in a real-
world setting: A retrospective 
observational study 
 

Saleh F Alqifari1*, Adil B Mohammad2, Eman I Anwar3, 
Kashan Uddin Niazi4, Rahaf F Aldawish4, Rand Albahli5, 
Maha A Binsaqr4, Asmaa A Khojah4, May R Mutlaq4, 
Palanisamy Amirthalingam6, Ahmed Aljabri7, Shaimaa 
Ziada2, Bshaier Alshaye2, Salman Almokhlef8 

 
 

ABSTRACT 
Objectives: Sodium-glucose cotransporter 2 (SGLT2) inhibitors demonstrated a 
reduction in the risk of death and hospitalization for heart failure and major 
renal complications in recent clinical trials. However, real-world studies are 
still limited, especially in Saudi Arabia. This study aims to examine the 
clinical outcomes of SGLT2 inhibitors in heart failure patients regardless of 
diabetes status. Materials and methods: A retrospective study was conducted at 
a single cardiology center in Saudi Arabia. The study spanned from July 2021 
to June 2022. The study included adult patients (≥18 years) diagnosed with 
heart failure with a prior history of using SGLT2 inhibitors for at least 3 
months. Results: A total of 45 patients were included in the study. A 
significant difference was detected among the diabetic and non-diabetic 
patient groups in baseline diastolic blood pressure (DBP), baseline left 
ventricular ejection fraction (LVEF) and the use of diabetic medications with 
(p= 0.008, <0.001, 0.008), respectively. SGLT2 inhibitors use resulted in a trend 
toward improvements in HbA1C, LVEF and ED visits however, these 
findings were non-statically significant. Conclusions: This is the first protocol 
to report outcomes of SGLT2 inhibitors in Saudi heart failure patients 
regardless of diabetes status. We detected an improvement signal in HbA1C, 
ED visit frequency and LVEF in both diabetic and non-diabetic groups. 
Larger studies are warranted to further evaluate outcomes of SGLT2 
inhibitors in this patient group regardless of diabetes.  
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1. INTRODUCTION  
The World Health Organization reported that cardiovascular disease (CVD) is a leading cause of death worldwide. In 2019, around 
17,000,000 fatalities were attributed to CVD, accounting for a third of fatalities around the world (Kim, 2021). According to recent 
trials, sodium-glucose cotransporter 2 (SGLT2) inhibitors, which were approved in 2012 to treat type 2 diabetes mellitus (T2DM), 
are not used only in lowering glucose levels, but also in reducing the risk of hospitalization, major renal complications and CV 
death in HF with reduced ejection (HFrEF) patients (Raz et al., 2020; Anker et al., 2021; Mc-Murray et al., 2019). Other anti-
hyperglycemic medications do not exhibit this benefit (Anker et al., 2021). A recent study found that SGLT2 inhibitors lower the risk 
of heart failure hospitalization by more than 30% (Zelniker et al., 2019). A double-blind trial conducted in 20 countries randomly 
assigned 3730 participants with heart failure reported that empagliflozin reduced death because of CVD or heart failure 
hospitalization compared to placebo, regardless of whether they had diabetes or not. The total hospitalized number of patients 
because of heart failure was lower with empagliflozin compared to placebo (HR, 0.70; p<0.001) (Anker et al., 2021).   

Dapagliflozin also demonstrated comparable benefits to empagliflozin. In a trial, heart failure symptoms decreased because of 
dapagliflozin treatment with 55% efficacy in patients without T2DM compared to patients with T2DM. This indicates that SGLT2 
inhibitors have positive effects on CVD in people without T2DM, supporting earlier claims that these medications have advantages 
beyond just decreasing blood sugar levels. Thus, HFrEF patients had better symptom scores and a lower risk of worsening heart 
failure or cardiovascular (CV) death with dapagliflozin compared to placebo (Mc-Murray et al., 2019). 

Since no real-world confirmatory studies have been conducted to confirm heart failure outcomes of SGLT2 inhibitors, more data 
are needed. Therefore, the purpose of this study was to report real-world clinical outcomes of SGLT2 inhibitors in Saudi adult 
patients with heart failure regardless of T2DM status. 
 

2. MATERIAL AND METHODS 
Study design and study population 
This was a retrospective cohort study of patients diagnosed with heart failure conducted in a single cardiology center in Saudi 
Arabia from July 2021 to June 2022. Patients who were 18 years and exposed to SGLT2 inhibitors for at least 90 days were included. 
We divided the patients into two main groups: Diabetic and non-diabetic. All patients who met the inclusion criteria were included 
in the study.  
 
Data collection and outcomes 
The data collection was done through chart review. De-identified data was stored and accessed by study personnel only. Clinical 
outcomes were compared between diabetic and non-diabetic groups. The clinical outcomes of interest were baseline hemoglobin 
A1C (HbA1C), serum creatinine (Scr), left ventricular ejection fraction (LVEF), body weight, hospital admission and emergency 
department (ED) visits. The study approval was obtained from the Al-Qassim research committee. All the information was treated 
confidentially.  
 
Data Analysis  
The Chi-square test was used to assess the categorical variable among the characteristics of the diabetic and non-diabetic population 
and the parameters included hospital admission and ER visits before and after treatment for the corresponding diabetic and non-
diabetic population. The remaining parameters were expressed as mean and standard deviation (SD) and blood parameters were 
analyzed by using the student’s t-test. SPSS (version 23) was used for the statistical analysis and p< 0.05 was considered statistically 
significant. 
 

3. RESULTS 
A total of 45 patients were included. A summary of study sample characteristics is illustrated in (Table1). Our sample included 28 
(62%) patients who were below 65 years and 20 (44%) who were above 65 years. Males constitute the largest proportion of patients, 
representing 31 patients (69%) while females were 14 (31%). In the non-diabetic group, 12 (27%) of the participants were below 65 
years of age and six (13%) were over 65 years of age. Like the diabetic group, male participants were more than females, in which 
they constituted 11 (24%) of the sample and females were seven (16 %) in the non-diabetic group.  

The Body Mass Index (BMI) varied between groups, nine (20%) of the diabetic patients had a BMI of less than 30 while six (13%) 
of nondiabetic participants had a BMI of less than 30. More patients in both groups had a baseline BMI above 30, constituting 18 
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(40%) of the diabetic group and 12 (27%) of the non-diabetic group. These differences in age, sex and BMI were statistically non-
significant between groups (p= 0.615, p=0.357, p=1.000, respectively).  

For baseline systolic blood pressure (SBP), around 11 (24%) in each group had baseline SBP of above 120 mmHg. Contrarily, 16 
(36%) of diabetics and seven (16%) of non-diabetics had baseline SBP below 120 mmHg. No statistically significant differences have 
been observed between groups (p=0.180). The baseline diastolic blood pressure (DBP) was significantly lower in diabetic patients 
receiving SGLT2 inhibitors compared to non-diabetic participants (p= 0.008). Around 26 (58%) diabetics and 15 (33%) non-diabetics 
had baseline DBP ≤80 mmHg and only one (2%) diabetic and three (7%) non-diabetics had >80 mmHg DBP. Baseline heart rate (HR) 
didn’t show any significant difference between groups (p=0.912). The differences in baseline HbA1c between groups were non-
significant (p=0.873).  

A statistically significant difference was detected between groups in baseline LVEF (p= <0.001). Around 12 (27%) of diabetic 
participants and 17 (38%) of non-diabetics had LVEF ≤ 30%. On the other hand, baseline LVEF was > 30% in 15 (33%) diabetic and 
one (2%) non-diabetic. Regarding the use of diuretic medications, differences between groups were non-significant (p=0.313). The 
differences in the baseline LVEF between groups were statistically significant, p= <0.001.  

The use of antihypertensive medications didn’t show any significant difference between the groups (p=0.591). The 
Empagliflozin dose in the two groups was comparable (p=0.332). Twenty-three (51%) diabetics and 17 (38%) non-diabetics were 
using 10mg of empagliflozin. Empagliflozin was also used with a dose of 25mg among 4 (9%) diabetics and one (2%) non-diabetic 
patient. 

 
Table 1 Characteristics of the study population 

Variable Diabetic, n (%) Non-diabetic, n (%) P value 
Age 
< 65 years 16 (35.5) 12 (26.6) 

0.615 
≥ 65 years 11 (24.4) 6 (13.3) 
Gender 
Male 20 (44.4) 11 (24.4) 

0.357 
Female 7 (15.5) 7 (15.5) 
Baseline BMI 
< 30 9 (20) 6 (13.3) 

1.000 
≥ 30 18 (40) 12 (26.6) 
Baseline SBP 
> 120 mmHg 11 (24.4) 11 (24.4) 

0.180 
≤ 120 mmHg 16 (35.5) 7 (15.5) 
Baseline DBP 
>80 mmHg 1 (2.2) 3 (6.6) 

0.008 
≤80 mmHg 26 (57.7) 15 (33.3) 
Baseline Heart rate 
<60 Bpm 1 (2.2) 1 (2.2) 

0.912 60-100 Bpm 25 (55.5) 16 (35.5) 
>100 Bpm 1 (2.2) 1 (2.2) 
Baseline HbA1c 
< 6.5% 5 (11.1) 3 (6.6) 

0.873 
≥ 6.5% 22 (48.8) 15 (33.3) 
Baseline LVEF 
≤ 30% 12 (26.6) 17 (37.7) 

<0.001 
> 30% 15 (33.3) 1 (2.2) 
On diuretic medications 
Yes 24 (53.3) 14 (31.1) 

0.313 
No 3 (6.6) 4 (8.8) 
On diabetic medications  
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Yes  11 (24.4) 1 (2.2) 
0.008 

No  16 (35.5) 17 (37.7) 
On antihypertensive medications 
Yes  24 (53.3) 15 (33.3) 

0.591 
No  3 (6.6) 3 (6.6) 
Empagliflozin dose 
Yes  23 (51.1) 17 (37.7) 

0.332 
No  4 (8.8) 1 (2.2) 

Note: Chi-square statistics; p<0.05 considered as statistically significant 
Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure;  
LFEF, left ventricular ejection fraction  

 
The SGLT2 inhibitors showed no significant impact on HbA1C, Scr, LVEF, body weight, hospital admission and ED visits in our 

sample. However, it is important to highlight that hospitalization and ER visits didn’t increase with SGLT2 inhibitors in both 
groups. Interestingly, there were no reported deaths due to heart failure in both groups. A comparison of the parameters before and 
after treatment with SGLT2 inhibitors in diabetic and non-diabetic groups is shown in (Table 2).    
 
Table 2 Comparison of parameters before and after treatment with SGLT2 inhibitors 

Variable 
Diabetic (n= 27) Non-diabetic (n= 18) 
Before 
treatment 

After 
Treatment 

P value 
Before 
treatment 

After 
Treatment 

P value 

HbA1C (%), mean (SD)  8.82 (1.85) 8.56 (1.77) 0.728* 7.43 (1.50) 6.37 (0.87) 0.101* 
Scr (mmol/L), mean (SD) 102 (88) 141 (89) 0.274* 94.75 (27.43) 106.12 (47.87) 0.557* 
LVEF (%), mean (SD) 22.69 (7.25) 26.92 (8.04) 0.128* 21 (8.21) 23 (15.24) 0.838* 
Body weight (Kg), mean (SD)   83.43 (17.16) 82 (17.49) 0.472* 76.69 (15.95) 81.46 (3.18) 0.364* 
Hospital admission (n) 
Yes  1 2 

0.552** 
2 1 

0.546** 
No  26 25 16 17 
ED visits (n) 
Yes  2 1 

0.552** 
3 2 

0.629** 
No  25 26 15 16 

Notes: *Two-tailed p-value for paired t-test; mean (SD) value between before and after treatment  
** Chi-square statistics; p<0.05 considered as statistically significant 
Abbreviations: Scr, serum creatinine; LVEF, left ventricular ejection fraction. 

 
The spread of HbA1C levels in the diabetic group before and after the treatment with SGLT2 inhibitors (Figure 1.1). The mean 

value of HbA1C level was lower post-treatment compared to baseline but was not statistically significant, p=0.728. In Figure 1.2, the 
variability of Scr after the treatment was larger than baseline with the mean value being higher in the post-treatment diabetic group. 
However, the change in Scr was not statistically significant, p= 0.274. The mean level of LVEF in the post-treatment group was also 
higher compared to the baseline as illustrated in (Figure 1.3) but non-statistically significant, p= 0.128. Additionally, the mean body 
weight for the diabetic group was lower after treatment and that also was not statistically significant, p=0.472. Figure 2.1 shows that 
the mean level of HbA1C was lower after the treatment. Figure 2.2 and 2.3 shows that levels of Scr and LVEF increased post-
treatment in non-diabetic groups respectively. On the other hand, mean body weight increased slightly in the non-diabetic group 
after the treatment (Figure 2.4). However, all the changes in these parameters among the non-diabetic group are non-significant and 
can’t be relied on due to the small sample of our study and short assessment duration.  
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Figure 1.1 HbA1C level in the diabetic population 
 

 
Figure 1.2 Scr level in the diabetic population 
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Figure 1.3 LVEF level in diabetic population 
 

 
Figure 1.4 Bodyweight in diabetic population 
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Figure 2.1 HbA1C level in non-diabetic population 
 

 
Figure 2.2 Scr level in non-diabetic population 
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Figure 2.3 LVEF level in non-diabetic population 
 

 
Figure 2.4 Bodyweight in non-diabetic population 
 

4. DISCUSSION 
SGLT2 inhibitors have been proven in numerous studies to provide CVD benefits in T2DM (Kyriakos et al., 2021). The rapid 
development of such evidence prompted additional studies exploring their possible impact on non-diabetic patients. However, 
limited real-world data has directly exhibited their CV and metabolic effects on non-diabetic patients, especially in Saudi Arabia. To 
the best of our knowledge, this is the first study that aimed to address this gap using real-world data in Saudi Arabia. In the current 
study, we observed that SGLT2 inhibitors were associated with a trend toward improvements in HbA1C and LVEF concurrent with 
decreasing ED visits irrespective of diabetes whereas change in body weight was not similar in both groups. 

We analyze CV characteristics and how they differ between diabetics and non-diabetics. The only two baseline characteristics 
that were significant between groups were DBP and LVEF. Baseline LVEF was significantly higher in diabetic compared to non-
diabetic groups. This could be explained by the fact that the majority of the sample's participants were diabetics on several 
antidiabetic medications; hence, some antidiabetics postulated to have cardio-protective properties that may improve LVEF, such as 
GLP-1 agonists which are significantly associated with improved LVEF (Zhang et al., 2020). This finding is inconsistent in direction 
with Ehl et al., (2011) in which diabetic patients showed a statistically significant lower LVEF compared with non-diabetic patients.   
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In addition, baseline DBP was significantly lower in diabetic patients compared to nondiabetic patients. Both aging and DM are 
presumed to have a combined effect in increasing arterial stiffness thus leading to a greater decline in diastolic blood pressure. This 
change in diastolic pressure induced by arterial stiffening takes place at a younger age in diabetes (Osher and Stern, 2008).   

The present study detected no significant difference between groups in terms of BMI as most of our sample was obese 
regardless of DM status. This contrasts with the research by Shah et al., (2006) done in Nepal, which demonstrated a substantial 
difference in BMI between groups.   

Surprisingly, most non-diabetic individuals in our sample had baseline HbA1c values above 6.5% as in diabetic patients; this 
discrepancy might be caused by unreported and undiagnosed DM that had not yet been treated with medication. According to an 
Emirati study done by Bashier et al., (2017) HbA1c was significantly reduced within 1 year using SGLT2 inhibitors. This conclusion 
is consistent with our observation which shows an average decline in HbA1c by 0.26 in diabetics and 1.06 in non-diabetics, 
however, this decline was not significant owing to the small sample. 

Our study shows encouraging results with a slight reduction of body weight from a mean of 83.43 (±17.16) to 82 (±17.49) kg in 
the diabetic population. This favorable weight loss in diabetics may be reinforced by another anti-hyperglycemic medication like 
metformin. A similar highly significant change was observed when comparing baseline weight in the Emirati population (85.7 ± 
17.8 kg vs. 84 ± 17.2kg, p = 0.0001) (Bashier et al., 2017).   

On the other hand, body weight increased slightly after treatment in the non-diabetic group. This contrasts with the systematic 
review and meta-analysis by Zheng et al., (2021), which demonstrated a statistically significant reduction in body weight in non-
diabetics (mean difference -1.42 kg, 95% CI: -1.70 to -1.14; p<0.00001) and BMI.   

Interestingly, when comparing pre- and post-treatment Scr, there was a dramatic increase in Scr in both groups and the reason 
behind these changes remains unknown (most likely due to the water-wasting effect of SGLT2 inhibitors in patients on other 
therapies such as loop diuretics) circumstantial evidence suggests that treatment with SGLT2 inhibitors does result in a loss of 
muscle mass, which affects the reliability of Scr as a marker for kidney function (Post et al., 2020). Therefore, more data is needed 
regarding this effect. 

Shi et al., (2022) systematically reviewed thirteen studies addressing the SGLT2 inhibitors on impact left ventricular function 
and clearly stated that this drug can significantly improve LVEF in patients with or without diabetes. Similarly, we noted that in 
both groups LVEF improved from a mean of 22.69 (±7.25) % pre-treatment to 26.92 (±8.04) % post-treatment in the diabetic group 
and from a mean of 21 (±8.21) to 23 (±15.24) % in non-diabetic. 

The glucose-independent benefits of SGLT2 inhibitors have been confirmed by recently published clinical trials. According to 
the DAPA-HF trial, the use of dapagliflozin reduced the composite of worsening heart failure, CV death and hospitalization in 
heart failure patients and the results were not different between those with diabetes and those without (Mc-Murray et al., 2019). 
Even though our conclusion concerning this outcome was not statistically significant, it agrees with this trial. This does not 
necessarily indicate the lack of benefits of SGLT2 inhibitors in reducing hospitalization and ED visits and our findings should be 
interpreted with caution. Our results would be enough to highlight that hospitalization and ED visits didn’t increase with SGLT2 
inhibitors in both groups, consequently, neither group reported any mortality from heart failure.  

In recent years, SGLT2 inhibitors have been gaining popularity in the treatment of heart failure regardless of diabetes. So far, 
our study supports the American College of Cardiology (ACC) 2022 recommendation published and presented during the Scientific 
Sessions in Washington which implement findings from trials including DAPA-HF and EMPEROR-HF, that previously shown the 
benefit of SGLT2 inhibitors dapagliflozin and empagliflozin in reducing composite CV events and mortality in patients with HFrEF 
among other CV and cardiometabolic outcomes (Anker et al., 2021; Mc-Murray et al., 2019).  

 
Limitations 
We attribute the lack of renal benefits in this study to the small study sample. Moreover, while the improvements in LVEF by 
SGLT2 inhibitors in each group were observed and supported the CV benefits of SGLT2 inhibitors, providers practicing in similar 
settings with a similar number of patients should expect similar benefits and lack thereof. 
 

5. CONCLUSION 
The DAPA-HF and the EMPEROR-Reduced trials showed that SGLT2 inhibitors effectively reduce heart failure hospitalizations 
and CV death. In both studies, the results were observed independently of the presence of T2DM. Our study is the first to evaluate 
the real-world clinical benefit of SGLT2 inhibitors in heart failure irrespective of whether patients have diabetes or not in Saudi 
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Arabia. There was a trend toward improvements in HbA1C, LVEF and ED visits in diabetics and non-diabetics. Further studies 
with a larger sample size are needed to confirm the results of our study. 
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