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Abstract 

Diabetes mellitus (DM) with uncontrolled blood sugar causes a variety of problems, including coronary artery disease, stroke, heart 

failure, hypertension, nephropathy, neuropathy, and retinopathy. These consequences harm the diabetic patients' lives. Many studies 

have shown that diabetic patients have a higher rate of heart failure and a worse prognosis than non-diabetic people. Sodium and 

glucose co-transporter receptor-2 (SGLT2) inhibitors are a relatively new class of anti-diabetic drugs. They not only regulate blood 

sugar but also have positive cardiovascular effects via a variety of mechanisms. This review intends to show that SGLT2 inhibitors, 

in addition to good glycemic control, possess a cardioprotective role. We conducted a literature review and identified 20 adequately 

powered clinical trials and animal studies in type 2 DM that investigated the cardiovascular (CV) effects of SGLT2 inhibitors 

(particularly heart failure and hypertension). These studies looked at the cardiovascular effects of three SGLT2 inhibitors: 

Empagliflozin, Canagliflozin, and Dapagliflozin. In diabetic patients, these three inhibitors of SGLT2 significantly lowered the risk 

of heart failure and hypertension, making them valuable therapy for lowering CV risks in high cardiovascular-risk individuals with 

T2DM. Finally, the use of SGLT2 inhibitors in patients without diabetes mellitus showed positive metabolic outcomes in weight and 

blood pressure control. 
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 على مخاطر ارتفاع ضغط الدم وفشل القلب في مرضى السكري: مراجعة منهجية SGLT2 مثبطاتآثار  

 الخلاصة 

اعتلال  ،ارتفاع ضغط الدم ،فشل القلب، السكتة الدماغية ،مرض الشريان التاجي مثل يسبب مجموعة من المشاكلفي الدم غير المنضبط  رالسكمع مستوى مرض السكري 

 مستقبلمرضى. وقد أظهرت العديد من الدراسات أن مرضى السكري لديهم معدل أعلى من فشل القلب ولديهم التضر حياة  التي واعتلال الشبكية ،الاعتلال العصبي ،الكلية

ة نسبيا من الأدوية المضادة للسكري التي هي فئة جديد 2-الصوديوم والجلوكوزأن مثبطات مستقبلات النواقل المشاركة في نقل  أسوأ من الأشخاص غير المصابين بالسكري.

  SGLT2القلب والأوعية الدموية عن طريق مجموعة متنوعة من الآليات. هذا الاستعراض يهدف إلى إظهار أن مثبطاتعلى لا تنظم فقط نسبة السكر ولكن لها آثار إيجابية 

من  2تجربة سريرية ودراسة حيوانية في النوع  20أجرينا مراجعة للأدبيات وحددنا حماية القلب. القدرة على  تمتلك ، نسبة السكر في الدمعلى بالإضافة إلى وجود سيطرة 

تأثير ثلاثة بعض مركبات هذه بحثت هذه الدراسات في  فشل القلب وارتفاع ضغط الدم.حالات القلب والأوعية الدموية وخاصة  بينت الآثار الأيجابية علىو التي  السكري

خفضت هذه المثبطات الثلاثة بشكل كبير من خطر فشل  .في مرضى السكري ، وكاناغليفوزين، وداباغليفوزينإمباغليفلوزين وهي ب والأوعية الدمويةالقل المجموعة على

ستخدام لأ ان ظهروأخيرا، . الدمويةالقلب والأوعية لأمراض  لمرضى النوع الثاني من داء السكري ذوي احتملات عالية اختيارا جيداالقلب وارتفاع ضغط الدم، مما يجعلها 

 الوزن والسيطرة على ضغط الدم.انقاص في المرضى الذين لا يعانون من مرض السكري نتائج أيضية إيجابية في  SGLT2مثبطات 
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INTRODUCTION 

The sodium and glucose co-transporter receptor (SGLT2), 

also known as SLC5A2, is present on the first and second 

segments of the renal proximal convoluted tubules (PCT) 

[1]. More than 90% of glucose reabsorption in the kidney 

is controlled by SGLT2 receptors. The remaining 10% was 

mediated by SGLT1 (SLC5A1) in the third segment of the 

proximal convoluted tube. The glucose concentration 

gradient between the cytoplasm of the tubular epithelial 

cells and the plasma causes glucose transporters-2 

(GLUT2) to transfer glucose passively to the plasma [2]. 

Glucosuria occurs when blood glucose levels reach 180 

mg/dL in the absence of diabetes. In diabetic patients, 

stimulation of hepatocyte nuclear factor-1 alpha (HNF-1), 

a direct promoter of the SGLT2 gene, increases the levels 

of SGLT2 mRNA and protein expression on the proximal 

tubule brush border. It increases the glucose reabsorption 

in the PCT and shifts the glucosuria threshold to 220 mg/dl, 

shifting the glucosuria threshold to 220 mg/dl [3]. Unlike 

the passive transfer of glucose from the cytoplasm to the 

plasma via GLUT2, SGLT2 activity requires energy from 

the Na+/K+ adenosine triphosphatase (ATPase) on the PCT 

epithelial cells' basolateral surface [4]. Higher sodium re-

absorption is a result of increased SGLT2 activity (SGLT2 

transfers 1 glucose into the proximal tubule cell with 1 

sodium ion), which can contribute to hypertension etiology 

in diabetes mellitus [5]. The inhibition of SGLT2 receptors 

in the proximal convoluted tube increase glomerulus 

glucose filtration [6]. The consequent increase in urine 

glucose excretion (glucosuria) lowers plasma glucose 

concentrations. This process is dependent on blood glucose 

levels and is independent of insulin activity and availability 

[7]. Therefore, the action of SGLT2 inhibitors, unlike 

previous anti-diabetics, is insulin-independent. SGLT2 

inhibitors have been linked to glycated hemoglobin 

(HbA1c) reductions of 0.5 to 1%, making them viable 

second-line treatment alternatives for T2DM [6]. Even 

though SGLT2 plays a major role in renal glucose 

reabsorption, selective SGLT2 inhibitors only improve 

renal glucose excretion by 50-70 percent. The possibility 

of significant downstream SGLT1 compensation appears 

to be high, and it is consistent with the maximum SGLT1 

glucose transport rate [8]. This explains why renal glucose 

reabsorption is maintained at 40-50 percent in response to 

an SGLT2 inhibitor [9]. Empagliflozin (EPG) 

(Jardiance®), Canagliflozin (CNG) (Invokana®), 

Dapagliflozin (DPG) (Farxiga®), and Ertugliflozin (ERG) 

(Steglatro®) are SGLT2 inhibitors currently approved by 

the Food and Drug Administration (FDA). 

METHODS 

A literature search was conducted in the PubMed and 

Google Scholar databases spanning the period from 2010 

to 2020. The search technique employed a combination of 

the following keywords: Heart failure, hypertension, 

cardiovascular diseases, Canagliflozin, Dapagliflozin, 

Empagliflozin, Randomized Controlled Trials, sodium-

glucose cotransporter-2 inhibitors (SGLT2i). SGLT2i 

influence on heart failure and hypertension in T2DM 

animal models was studied in randomized placebo-

controlled trials and experimental animal research. The 

search covered all full-text studies published in English. 

Out of 107 papers obtained, 20 full-text studies and 10 

documents were evaluated after deleting duplicate studies 

and scanning titles and abstracts. Finally, only 18 clinical 

trials and two animal studies employing mouse models 

were considered. 

RESULTS 

As shown in Table 1, Lee et al. [10] evaluated the effects 

of DPG on generalized vascular dysfunction in diabetic 

mice using either a standard diet or a DPG-containing diet. 

The aortic pulse wave velocity was used to determine 

arterial stiffness. The function of the vascular endothelium 

and the smooth muscle dysfunction was evaluated using 

the dilatory responses to sodium nitroprusside and 

acetylcholine, respectively. Diabetic mice given DPG had 

significantly decreased arterial stiffness (DPG-diet= 435 

cm/s vs. diet= 469 cm/s), improved endothelial dysfunction 

(AUC, DPG-diet= 117.0 vs. diet= 57.2), and smooth 

muscle dysfunction (AUC, DPG-diet= 285.5 vs. diet= 

201.7) [10]. Uthman et al. [11] found that DPG, CNG, and 

EPG inhibited Na+/H+ exchanger (NHE) activity in mouse 

cardiomyocytes (measured by low NH4+ pulse pH 

recovery: DPG: 6.770.12, CNG: 6.800.18, and EPG: 

6.690.09 vs. vehicle: 7.090.09 for all comparisons) and 

decreased Na+ concentration (DPG: 10.70.7, CNG: 

11.00.9, and EPG: 10.00.5 mmol/l). All three SGLT2 

inhibitors demonstrated a high affinity for the NHE 

extracellular binding site. Moreover, EPG and CNG, but 

not DPG, mediated coronary artery relaxation in the intact 

heart. Through binding to the NHE Na-binding site, 

SGLT2 inhibitors quickly block NHE cardiac flow and 

lower Na+ concentration. EPG and CNG also damage the 

healthy heart by causing vasodilation [11]. The Na+ 

lowering impact of SGLT2 inhibitors [11] could be used as 

a strategy to fight high Na+ concentrations that appear to 

arise in heart failure and diabetes. Seventy-five subjects 

with T2DM were randomly assigned to placebo, DPG, or 

hydrochlorothiazide (HCTZ) in a study performed by 

Lambers Heerspink et al. [12]. The study evaluates the 

changes in baseline blood pressure, body weight, and 

plasma volume after three months of treatment. At week 

12, the placebo, DPG, and HCTZ treatments resulted in 

baseline improvements in 24-hour ambulatory mean 

systolic blood pressure (SBP) of -0.6, -3.3, and -6.6 mmHg 

respectively, when adjusted for baseline systolic blood 

pressure (SBP). Bodyweight was lowered by DPG and 

HCTZ, while Dapagliflozin also decreased plasma volume 

but neither placebo nor HCTZ did [12]. Lawrence et al. 

[13] also conducted a trial on DPG, which included 964 
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patients with T2DM, having HbA1c ranging from 7.0 to 

10.0 percent, and CVD. The patients were given either 

placebo or DPG as an add-on to their regular medication. 

Participants who took insulin had to reduce their daily 

insulin dose by 25% at randomization.  

 

Table 1: Summary of the SGLT2 inhibitors studies 

Reference Study type Intervention drugs Results 

Lee et al. 2018 [10] 2-months a 24 diabetic mice+23 controls DPG vs. Placebo Significant ↓ in arterial stiffness 

Uthman et al. 2017 [11] In vitro study DPG, CNG, EPG vs. Placebo Significant ↓ in NHE receptor activity 

Lambers et al. 2013 [12] 3-month RCT, double-blind; n= 75 

subjects 
10mg/day DPG, 25mg HCT vs. 

Placebo 
Significant ↓ in BP, Bwt, and plasma 

volume 

Leiter et al. 2014 [13] 7-month RCT, double-blind; n=964 

subjects 
10mg/day DPG vs. Placebo Significant ↓ in BP, Bwt, and HbA1c 

Sha et al. 2014 [14] 3-month RCT, double-blind; n=36 

subjects 
30mg/day CNG vs. Placebo Significant ↑ in UGE and ↓ HbA1c, 

FBG 

Townsend et al. 2015 [15] 1.5-month RCT, double-blind; n=169 100 or 300mg/day CNG vs. Placebo Significant ↓ in BP 

Zinman et al. 2015 [16] 3-year RCT, double-blind trial; n=7020 

subjects 
100 or 25mg EPG vs. Placebo Significant ↓ in HF 

Tikkanen et al. 2015 [17] 3-month RCT, double-blind trial; n=825 

subjects 
100 or 25mg EPG vs. Placebo Significant ↓ in BP 

Weber et al. 2015 [18] 2-year RCT, double-blind trial; n=449 

subjects 
10mg/day DPG vs. Placebo Significant ↓ in BP 

Weber et al. 2015 [19] 3-month double-blind, phase III study; 
n=613 

10mg/day DPG vs. Placebo Significant ↓ in BP and Bwt 

Neal et al. 2017 [20] 67-month RCT, double-blind trial; 
n=10,142 subjects 

100 or 300mg/day CNG vs. Placebo Significant ↓ in HF 

Solini et al. 2017 [21] 2-month, pilot clinical study; n=16 10mg/day DPG vs. Placebo Significant ↓ in BP 

Wiviott et al. 2018 [22] 50-month RCT, double-blind trial, 

n=17,160 subjects 
10mg/day DPG vs. Placebo Significant ↓ in HF 

Nassif et al. 2019 [23] 3-month RCT, double-blind; n=263 

subjects 
10mg/day DPG vs. Placebo Significant ↓ in HF 

Verma et al. 2019 [24] 6-month RCT; n=97 subjects EPG vs. Placebo Significant ↓ in BP 

McMurray et al. 2019 [25] 18-month RCT, double-blind; n=4,744 

subjects 
10mg/day DPG vs. Placebo Significant ↓ in HF 

Perkovic et al. 2019 [26] 30-month RCT, double-blind; n=4,401 

subjects 
100mg/day CNG vs. Placebo Significant ↓ in HF 

Packer et al. 2019 [27] 15-month RCT, double-blind; n=3,730 

subjects 
100mg EPG vs. Placebo Significant ↓ in HF 

Ibrahim et al. 2020 [28] 1-week RCT; n=100 subjects 10mg/day DPG vs. Furosemide  Significant ↓ Bwt and ↑ diuresis 

Ferdinand et al. 2020 [29] 6-month RCT, double-blind; n=150 

subjects 
25 or 100mg EPG vs. Placebo Significant ↓ in BP and HF 

DPG: Dapagliflozin; CNG: Canagliflozin; EPG: Empagliflozin; Bwt: Bodyweight; HF: Heart failure; BP: Blood pressure; RCT: Randomized clinical trial; 

NHE: Sodium Hydrogen Exchange; UGE: Urinary glucose excretion; HCT: Hydrochlorothiazide; FBG: Fasting blood glucose; n: number of subjects.  
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After 24 weeks, the final results demonstrated a 0.5% 

decrease in HbA1c, a 3% decrease in body weight, and a 3 

mmHg decrease in SBP [13]. Furthermore, Sha et al. [14] 

investigated the effects of CNG on plasma volume, urinary 

glucose excretion (UGE), fasting plasma glucose (FPG), 

HbA1c, and other fluid/electrolyte balance markers in 

diabetic patients who previously received ACEIs, 

Angiotensin-Receptor Blockers (ARBs) and Metformin. 

Thirty-six patients were randomly assigned to receive 300 

mg CNG or placebo for three months (double-blind, 1:1 

randomization). Pharmacodynamic parameters were 

measured at baseline, 7 days later, and 3 months later.  

Fasting blood glucose and HbA1c levels were also lower 

after CNG treatment, and body weight and blood pressure 

decreased between weeks 1 and 12. Compared to placebo, 

CNG induced a drop in plasma volume at week 1 (-5.4% 

vs. 4.3%) but largely mitigated by week 12 (4.6% vs. 

5.8%). In the CNG group, a modest numerical rise in urine 

volume was seen at week-1 and decreased by week 12. 

Other markers in the CNG group (such as blood urea 

nitrogen, serum creatinine, and hematocrit) remained 

slightly increased at week 12 [14]. Townsend et al. [15] 

investigated the effects of CNG (300 mg and 100 mg) on 

blood pressure in T2DM and hypertensive patients. 

Participants were given CNG 300 mg, CNG 100 mg, or 

placebo for 6 weeks and had their ambulatory SBP 

monitored 24 hours a day before randomization, at 

baseline, and after 42 days of treatment. The primary 

outcome was the change in mean 24-hour SBP from 

baseline to week 6. CNG 300 mg and 100 mg showed 

higher decreases in SBP in week 6 in a mean 24-hour cycle 

compared with placebo (-6.2 and -4.5 vs. -1.2 mmHg, 

respectively) [15]. Meanwhile, the EMPA-REG study 

found a small but significant reduction in the primary 

outcome (the primary outcome here is a composite of death 

from CVD, nonfatal stroke, or nonfatal myocardial 

infarction). It favors EPG compared to placebo over a mean 

period of the 3.1-year follow-up in 7,020 patients with 

T2DM who had developed CVD and assigned to daily EPG 

10 or 25 mg vs. placebo. Surprisingly, EPG was associated 

with a significant reduction in hospitalization from heart 

failure (relative risk reduction= 35%) [16]. In another 

study, Tikkanen et al. [17] randomly assigned 825 patients 

with T2DM and hypertension (mean SBP of 130-159 

mmHg and DBP of 80-99 mmHg) to receive 10 mg EPG, 

25 mg EPG, or placebo once a day for three months. After 

3 months, the adjusted mean difference in change from 

baseline in mean 24-hour SBP was -3.44 mmHg with 10 

mg EPG and -4.16 mmHg with 25 mg EPG as compared to 

placebo. Meanwhile, with 10 mg EPG, the adjusted mean 

difference in change from baseline in mean 24-hour DBP 

was -1.36 mmHg, and with 25 mg EPG, it was -1.72 mmHg 

[17]. Furthermore, Weber et al. [18] randomly allocated 

225 patients to DPG and 224 patients to placebo (all of 

whom were already using ARBs, another antihypertensive 

medicine, anti-hyperglycemic, insulin, or both). Seated 

systolic blood pressure was significantly reduced in the 

group assigned to Dapagliflozin (adjusted mean change 

from baseline -11·90 mmHg [95% CI: -13·97 to -9·82]) 

compared with those assigned to placebo (-7·62 mmHg [-

9·72 to -5·51], P<0.05); the placebo-adjusted difference 

for Dapagliflozin (-4·28 mmHg [-6·54 to -2·02], 

P=0·0002). HbA1c levels were also lowered to a greater 

extent in DPG patients compared to those receiving 

placebo. The placebo-adjusted difference was –0.61% 

[18]. Weber et al. [19] conducted another investigation on 

the impact of DPG on the renin-angiotensin system 

blockage in T2DM patients with hypertension. The double-

blind phase III trial looked at how DPG affected glycemic 

control and blood pressure in patients with poorly managed 

hypertension who were also taking a renin-angiotensin 

system blocker. Patients were randomly assigned to receive 

10 mg DPG or placebo once a day. The main endpoints 

were changes from baseline to week 12 in seated SBP and 

HbA1c. Also, additional longitudinal repeated-measure 

analysis was carried out. After 12 weeks, participants 

treated with DPG had significantly lower HbA1c (-0.6% 

vs. -0.1%), mean seated SBP (-10.4 vs. -7.3 mmHg), and 

mean confirmatory ambulatory SBP 24-hours than those 

treated with placebo (-9.6 vs. - 6.7 mmHg). DPG also 

reduced bodyweight (-1.0 vs. -0.3 kg) when compared to 

placebo [19]. The CANVAS study is a pooled evaluation 

of two CNG clinical trials, the original CANVAS and the 

CANVAS Renal (CANVAS-R), where both investigated 

renal safety. The aggregated overall study includes 10,142 

patients from these investigations; 4330 were from the 

original CANVAS trial, which had a 5.7-year follow-up 

time, and 5812 were from the CANVAS-R trial, which had 

a 2.1-year follow-up duration. Unlike the EMPA-REG 

trial, only 65.6 percent of the pooled CANVAS patients 

had CVD, with the remainder having two or more CV risk 

factors. In the pooled CANVAS study, CNG was found 

more effective than placebo in reducing heart failure 

hospitalization [20]. In pilot research, Solini et al. [21] 

investigated vascular and neurohormonal variables, as well 

as 24-hour diuresis, glucose and salt in urine, isoprostanes, 

and free water clearance in 16 diabetic patients before and 

after 2-days therapy with DPG 10 mg/day. The results were 

compared to those reported in ten patients administered 

12.5 mg of HCTZ per day. The study evaluates the effects 

of flow-mediated dilation on endothelium vasodilation of 

the brachial artery and pulse wave velocity. Dapagliflozin 

reduces SBP and similarly increases the 24-hour diuresis to 

HCTZ. It also elevates 24-hour urinary glucose and serum 

magnesium. Urinary sodium remained unaltered for 24 

hours, as did fasting blood glucose (FBG). Even after the 

mean BP adjustment, oxidative stress was reduced, as 

evidenced by a decrease in urine isoprostanes and a 

significant increase in flow-mediated dilation (2.8 to 

4.0%), and a decrease in pulse-wave velocity (10.1 to 8.9 

m/s) [21]. A total of 17,160 patients who had or were at 

risk of atherosclerotic CVD were randomized to receive 
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DPG or placebo for a median of 4.2 years in the 

DECLARE-TIMI trial. This study found no significant 

differences in the 3P-MACE (nonfatal stroke, nonfatal 

myocardial infarction (MI), and cardiovascular mortality) 

markers. In the two primary efficacy analyses, 

Dapagliflozin did not lower the rate of MACE (P=0.17), 

decreased the rate of cardiovascular death or 

hospitalization due to heart failure (P=0.005), which 

reflects a lower rate of hospitalization for heart failure (CI, 

0.61 to 0.88). there was no between-group difference in 

cardiovascular death (CI: 0.82 - 1.17) [22]. Meanwhile, 

263 patients were assigned to receive 10 mg/day DPG or 

placebo for 12 weeks in the DEFINE-HF trial. The findings 

demonstrated a considerable rise in the number of patients 

with clinically meaningful changes in heart failure (HF) 

measures [23]. Patients’ characteristics showed stable HF 

with decreasing ejection fraction during the use of 

appropriate medical therapy. Furthermore, in the EMPA-

HEART study, 97 diabetic subjects were randomized to 

receive either 10mg /day EPG (n=49) or placebo (n=48) in 

addition to standard care for 6 months. This study showed 

a lowering of systolic and diastolic BP of -6.8 and -3.2 

mmHg respectively, upon the use of EPG after 6 months 

[24]. The DAPA-HF trial, which covers 4744 patients, 

indicates a decrease in CV mortality and hospitalizations 

owing to HF in individuals treated with DPG in a double-

blind randomized study. The results pointed to a significant 

decrease in HF hospitalization, cardiovascular death, and 

all-cause mortality independent of the diabetes status of the 

subjects. Patients in the study were also taking ACE/ARBs, 

although the class effect of these medicines did not affect 

the results. Both diabetics and non-diabetics can benefit 

from SGLT2i, according to this study [25]. The 

CREDENCE trial enrolled 4401 individuals with T2DM 

and proteinuric chronic kidney disease (CKD) randomly 

assigned to receive CNG or placebo. The subjects had a 

GFR of 30 to 90 ml/min/1.73m2, and only 50.4% of them 

had ASCVD. This study was terminated early after 2.62 

years due to the gained substantial advantages of therapy. 

The relative risk of the primary composite endpoint 

(consisting of end-stage kidney disease, a doubling of the 

serum creatinine level, or death from renal or CV causes) 

was lower by 30%. The reported secondary outcomes of 

MI, stroke and CV death were reduced by 20%, whereas 

hospitalization due to HF was reduced by 39% [26]. In the 

EMPEROR-Reduced double-blind trial, 3,730 patients 

with HF stage 2 and 3 and an ejection fraction equal to or 

less than 40% were randomized to receive placebo or 10 

mg/day EPG therapy for 16 months in addition to their 

regular HF medications. Empagliflozin reduced the risk of 

death and HF hospitalization over time and reached 

statistical significance 12 days after randomization [27]. In 

2020, Ibrahim et al. conducted a study to see how adding 

DPG to Furosemide affected HF patients. The study 

comprised 100 T2DM patients admitted to the hospital for 

HF with decompensation and stayed for one week. The 

patients were randomized into two equal arms. DPG causes 

statistically significant differences in body weight shift 

(76.5 vs. 79.6 kg) between the two groups. During 

hospitalization, there was also a statistically significant 

difference in diuresis parameter (19.5 vs. 34.8) in favor of 

DPG administration, but no significant improvement in 

serum potassium or kidney function [28]. In a 2020 study 

on T2DM and hypertensive black individuals, Ferdinand et 

al. [29] found that EPG lowers both ambulatory and sitting 

SBP, with placebo adjusted differences of -8.39 mmHg for 

ambulatory and -7.43 mmHg for seated SBP at week 24. 

Decreases in DBP were also reported; however, they were 

only significant for the daytime and awake time criteria. 

The lower blood pressure observed with EPG was 

unrelated to changes in pulse rate. The mean differences 

between the groups in pulse rate changes from baseline 

(two variations in beats per minute) were not clinically 

significant. 

SGLT2 Inhibition and Direct Effects on Na+/H+ 

Exchange 

Inhibitors of SGLT2 can directly inhibit the myocardial 

isoform of Na+/H+ exchanger (NHE-1), according to a new 

and tantalizing idea, as demonstrated by Uthman et al in 

their work. NHE-11 activation increases cellular sodium 

and calcium ions levels, as shown in experimental heart 

failure models [11]. Through this process, SGLT2 

inhibitors reduced cardiomyocytes' NHE-1 activity, 

decreased sodium and calcium ions levels, raised calcium 

levels in mitochondria, and boosted cardiac force of 

contraction [32]. It is worth noting that SGLT2 inhibitors 

are thought to induce natriuresis by inhibiting NHE-3 

action in the proximal renal tubule. In heart failure, the 

expression of NHE-1 assists sodium ions reuptake in renal 

tubules, while blocking NHE-3 can help restore whole-

body sodium homeostasis and reduce HF. As a result, 

suppression of NHE-1 and NHE-3 may be a common 

cardio-renal mechanism by which these drugs prevent 

and/or treat HF [11]. It is not clear whether the inhibition 

of the cardiac NHE can be achieved at the doses of SGLT-

2 inhibitors used in the clinics. Furthermore, NHE 

inhibitors have not been clinically successful in the 

treatment of heart failure. 

Bodyweight Loss 

Patients with type 2 diabetes are usually obese, overweight, 

or have increased fat deposition inside and around their 

internal organs. Patients on SGLT2 inhibitors experience 

weight loss regularly [33]. Early weight loss could be 

attributable to fluid loss due to the medicines' osmotic 

diuretic effects. However, future weight reduction is more 

likely due to caloric loss. The glucose discharged in the 

urine after SGLT2 inhibition has a calorific value of around 

200-300 calories per day [34]. A significant drop in waist 

circumference was also reported in 12-week investigations 

with DPG, CNG, and EPG, as well as in a 52-week DPG 
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trial when taken as an add-on to Metformin therapy, which 

would be consistent with a reduction in fat mass later [19]. 

Weight loss alone has not been successful in decreasing 

HF; therefore, there must be additional factors that explain 

the mechanism by which SGLT-2 inhibitors produce their 

cardioprotective action. 

Inhibition of the Sympathetic Nervous System 

The observations that SGLT2 inhibitors lower blood 

pressure without causing a compensatory rise in heart rate 

and 6-hydroxydopamine chemical denervation of the 

sympathetic nervous system has resulted in decreased renal 

SGLT2 expression, leading to the hypothesis that SGLT2 

inhibitors suppress the central sympathetic nervous system 

[35]. Moreover, a high-fat diet induces SGLT2 expression 

in the kidneys and hearts of mice [36,29], which highlights 

the importance of using SGLT2i in non-diabetics with 

increased CV risks. 

Improved Endothelial Function and Vascular Stiffness 

Several studies have shown that using SGLT2 inhibitors 

for a short period improves endothelial function and 

reduces aortic stiffness [22,10]. The gain could be 

mediated, at least in part, by endothelium-independent 

activation of voltage-gated K+ channels and protein kinase 

G, albeit this pathway has only been demonstrated in vivo 

through experiments on mice [22,10]. 

Increased Hematocrit Production 

In patients with T2DM, hematocrit level increases after 

starting SGLT2 inhibitor therapy and can be a surrogate 

marker for decreasing metabolic stress on the proximal 

tubules or surrounding kidney interstitium. The Na+/K+ 

pump can also reduce cardiovascular mortality and cardiac 

failure risk of hospitalization by alleviating metabolic 

stress in the proximal tubular epithelial cells, consequently 

minimizing hypoxia in the microenvironment around the 

proximal tubules. The change in hematocrit and 

hemoglobin mediates 50% of the decreased risk of 

cardiovascular death by Empagliflozin versus placebo in 

post hoc mediation analyses of data from the EMPA-REG 

OUTCOME trial (Empagliflozin Cardiovascular Outcome 

Event Trial in Type 2 Diabetes Mellitus Patients-

Removing Excess Glucose). Sudden death, heart failure 

death, and suspected cardiovascular death with inadequate 

data to assign a definitive cause of death are the most 

common types of cardiovascular mortality seen in 

individuals with heart failure. It may allow myofibroblasts 

to change into erythropoietin-producing fibroblasts. It will 

enhance hematopoiesis and elevate hematocrit [37,38]. 

Moreover, the continuous lowering of resting heart rate in 

individuals using SGLT2 inhibitors supports the 

suppression of sympathetic hyperactivity by these 

medications [39]. 

 

Conclusion 

In addition to their blood glucose-lowering effects, SGLT2 

inhibitors can significantly reduce cardiovascular 

complications such as heart failure and hypertension in 

diabetic patients. These cardiovascular benefits make 

members of SGLT2 inhibitors, such as Empagliflozin, 

Canagliflozin, and Dapagliflozin, useful therapeutic tools 

for diabetic patients, particularly those with CVD risks. 

Finally, SGLT2i may even be designated as cardiovascular 

therapies in the future, in addition to their role as 

antidiabetic agents. Although, more trials may be required 

to prove them as cardiovascular drugs. 

ACKNOWLEDGMENTS 

The authors thank the University of Sulaimani for 

supporting the project. 

Conflicting Interests  

The authors declared no conflicts of interest. 

Data sharing statement 

The datasets analyzed during the current study will be 

available from the corresponding author on a reasonable 

request. 

REFERENCES  

1. Hou YC, Zheng CM, Yen TH, Lu KC. Molecular mechanisms of 

SGLT2 inhibitor on cardiorenal protection. Int J Mol Sci. 
2020;21(21):7833. doi:10.3390/ijms21217833. 

2. Navale AM, Paranjape AN. Glucose transporters: physiological and 

pathological roles. Biophys Rev. 2016;8(1):5-9. doi:10.1007/s12551-
015-0186-2 

3. Pontoglio M, Prié D, Cheret C, Doyen A, Leroy C, Froguel P, et al. 

HNF1alpha controls renal glucose reabsorption in mouse and man. 
EMBO Rep. 2000;1(4):359-365. doi: 10.1093/embo-reports/kvd071. 

4. Wojcik C, Warden BA. Mechanisms and evidence for heart failure 

benefit from SGLT2 inhibitors. Curr Cardiol Rep. 2019;21(10):130. 
doi: 10.1007/s11886-019-1219-4. 

5. Maliha G, Townsend RR. SGLT2 inhibitors: their potential reduction 

in blood pressure. J Am Soc Hypertens. 2015;9(1):48-53. doi: 

10.1016/j.jash.2014.11.001. 

6. Chim C, Newaz S. SGLT2 inhibitors and heart failure outcomes. US 

Pharm. 2020;45(2):18-22. 

7. Bonora BM, Avogaro A, Fadini GP. Extraglycemic effects of SGLT2 

inhibitors: A review of the evidence. Diabetes Metab Syndr 

Obes. 2020;13:1614. doi: 10.2147/DMSO.S233538. 

8. Rieg T, Masuda T, Gerasimova M, Mayoux E, Platt K, Powell DR, et 

al. Increase in SGLT1-mediated transport explains renal glucose 

reabsorption during genetic and pharmacological SGLT2 inhibition in 
euglycemia. Am J Physiol Renal Physiol. 2014;306(2):F188-193. doi: 

10.1152/ajprenal.00518.2013. 

9. Lee TM, Chang NC, Lin SZ. Dapagliflozin, a selective SGLT2 
inhibitor, attenuated cardiac fibrosis by regulating the macrophage 

polarization via STAT3 signaling in infarcted rat hearts. Free Radic 

Biol Med. 2017;104:298-310. doi: 

10.1016/j.freeradbiomed.2017.01.035. 



Ali et al                                                                                                                                                      SGLT2 inhibitors in T2DM 

  

 

79 
 

10. Lee DM, Battson ML, Jarrell DK, Hou S, Ecton KE, Weir TL, et al. 

SGLT2 inhibition via dapagliflozin improves generalized vascular 
dysfunction and alters the gut microbiota in type 2 diabetic 

mice. Cardiovasc Diabetol. 2018;17(1):14. doi: 10.1186/s12933-

018-0708-x. 

11. Uthman L, Baartscheer A, Bleijlevens B, Schumacher CA, Fiolet JW, 

Koeman A, et al. Class effects of SGLT2 inhibitors in mouse 

cardiomyocytes and hearts: inhibition of Na+/H+ exchanger, lowering 
of cytosolic Na+ and vasodilation. Diabetologia. 2018;61(3):722-

726. doi: 10.1007/s00125-017-4509-7. 

12. Lambers Heerspink HJ, De Zeeuw D, Wie L, Leslie B, List J. 
Dapagliflozin a glucose‐regulating drug with diuretic properties in 

subjects with type 2 diabetes. Diabetes Obes Metab. 2013;15(9):853-

886. doi: 10.1111/dom.12127. 

13. Leiter LA, Cefalu WT, de Bruin TW, Gause‐Nilsson I, Sugg J, Parikh 

SJ. Dapagliflozin added to usual care in individuals with type 2 

diabetes mellitus with preexisting cardiovascular disease: a 24‐
week, multicenter, randomized, double-blind, placebo-controlled 

study with a 28-week extension. J Am Geriatr Soc. 2014;62(7):1252-
1262. doi: 10.1111/jgs.12881. 

14. Sha S, Polidori D, Heise T, Natarajan J, Farrell K, Wang SS, et al. 

Effect of the sodium-glucose co-transporter 2 inhibitor canagliflozin 
on plasma volume in patients with type 2 diabetes mellitus. Diabetes 

Obes Metab. 2014;16(11):1087-1095. doi: 10.1111/dom.12322.  

15. Townsend RR, Machin I, Ren J, Trujillo A, Kawaguchi M, Vijapurkar 
U, et al. Reductions in mean 24-hour ambulatory blood pressure after 

6-week treatment with canagliflozin in patients with type 2 diabetes 

mellitus and hypertension. J Clin Hypertens 
(Greenwich). 2016;18(1):43-52. doi: 10.1111/jch.12747.  

16. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et 

al. Empagliflozin, cardiovascular outcomes, and mortality in type 2 
diabetes. N Engl J Med. 2015;373(22):2117-2128. doi: 

10.1056/NEJMoa1504720. 

17. 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):420-428. doi: 

10.2337/dc14-1096. 

18. Weber MA, Mansfield TA, Cain VA, Iqbal N, Parikh S, Ptaszynska 

A. Blood pressure and glycemic effects of dapagliflozin versus 

placebo in patients with type 2 diabetes on combination 
antihypertensive therapy: A randomized, double-blind, placebo-

controlled, phase 3 study. Lancet Diabetes 

Endocrinol. 2016;4(3):211-220. doi: 10.1016/S2213-
8587(15)00417-9. 

19. Weber MA, Mansfield TA, Alessi F, Iqbal N, Parikh S, Ptaszynska A. 

Effects of dapagliflozin on blood pressure in hypertensive diabetic 
patients on renin-angiotensin system blockade. Blood 

Press. 2016;25(2):93-103. doi: 10.3109/08037051.2015.1116258. 

20. Neal B, Perkovic V, Mahaffey KW, De Zeeuw D, Fulcher G, Erondu 
N, et al. Canagliflozin and cardiovascular and renal events in type 2 

diabetes. N Engl J Med. 2017;377(7):644-657. doi: 

10.1056/NEJMoa1611925. 

21. Solini A, Giannini L, Seghieri M, Vitolo E, Taddei S, Ghiadoni L, et 

al. Dapagliflozin acutely improves endothelial dysfunction, reduces 

aortic stiffness and renal resistive index in type 2 diabetic patients: a 
pilot study. Cardiovasc Diabetol. 2017;16(1):138. doi: 

10.1186/s12933-017-0621-8. 

22. Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al. 
Dapagliflozin and cardiovascular outcomes in type 2 diabetes. N Engl 

J Med. 2019;380(4):347-357. doi: 10.1056/NEJMoa1812389. 

23. Nassif ME, Windsor SL, Tang F, Khariton Y, Husain M, Inzucchi SE, 

et al. Dapagliflozin effects on biomarkers, symptoms, and functional 
status in patients with heart failure with reduced ejection fraction: the 

DEFINE-HF trial. Circulation. 2019;140(18):1463-1476. doi: 

10.1161/CIRCULATIONAHA.119.042929. 

24. Verma S, Mazer CD, Yan AT, Mason T, Garg V, Teoh H, et al. Effect 

of empagliflozin on left ventricular mass in patients with type 2 

diabetes mellitus and coronary artery disease: the EMPA-HEART 
CardioLink-6 randomized clinical 

trial. Circulation. 2019;140(21):1693-1702. doi: 

10.1161/CIRCULATIONAHA.119.042375. 

25. McMurray JJ, DeMets DL, Inzucchi SE, Køber L, Kosiborod MN, 

Langkilde AM, et al. A trial to evaluate the effect of the sodium-

glucose co-transporter 2 inhibitor dapagliflozin on morbidity and 
mortality in patients with heart failure and reduced left ventricular 

ejection fraction (DAPA-HF). Eur J Heart Fail. 2019;21(5):665-675. 

doi: 10.1002/ejhf.1432. 

26. Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJ, Charytan 

DM, et al. Canagliflozin and renal outcomes in type 2 diabetes and 

nephropathy. N Engl J Med. 2019;380(24):2295-2306. doi: 
10.1056/NEJMoa1811744. 

27. Packer M, Anker SD, Butler J, Filippatos GS, Ferreira JP, Pocock S, 

et al. Effect of empagliflozin on the clinical stability of patients with 
heart failure and a reduced ejection fraction: the EMPEROR-Reduced 

trial. Circulation. 2020;143(4): 326-336. doi: 

10.1161/CIRCULATIONAHA.120.051783. 

28. Ibrahim A, Ghaleb R, Mansour H, Hanafy A, Mahmoud NM, 

Abdelfatah Elsharef M, et al. Safety and efficacy of adding 
dapagliflozin to furosemide in type 2 diabetic patients with 

decompensated heart failure and reduced ejection fraction. Front 

Cardiovasc Med. 2020;7:288. doi: 10.3389/fcvm.2020.602251. 

29. Ferdinand KC, Izzo JL, Lee J, Men L, George J, Salsali A, et al. 

Antihyperglycemic and blood pressure effects of empagliflozin in 

black patients with type 2 diabetes mellitus and 
hypertension. Circulation. 2019;139(18):2098-2109. doi: 

10.1161/CIRCULATIONAHA.118.036568. 

30. Lu H, Meyer P, Hullin R. Use of SGLT2 inhibitors in cardiovascular 
diseases: why, when and how? Swiss Med Wkly. 2020;150:w20341. 

doi: 10.4414/smw.2020.20341. 

31. Kawasoe S, Maruguchi Y, Kajiya S, Uenomachi H, Miyata M, 
Kawasoe M, et al. Mechanism of the blood pressure-lowering effect 

of sodium-glucose cotransporter-2 inhibitors in obese patients with 

type 2 diabetes. BMC Pharmacol Toxicol. 2017;18(1):23. doi: 
10.1186/s40360-017-0125-x. 

32. Maejima Y. SGLT2 Inhibitors play a salutary role in heart failure via 

modulation of the mitochondrial function. Front Cardiovasc Med. 
2020;6:186. doi:10.3389/fcvm.2019.00186 

33. Sheu WHH, Chan SP, Matawaran BJ, Deerochanawong C, Mithal A, 

Chan J, et al. Use of SGLT2 inhibitors in patients with type 2 diabetes 
mellitus and abdominal obesity: An Asian perspective and expert 

recommendations. Diabetes Metab J. 2020;44(1):11-32. doi: 

10.4093/dmj.2019.0208. 

34. Mosley JF, Smith L, Everton E, Fellner C. Sodium-glucose linked 

transporter 2 (SGLT2) inhibitors in the management of type-2 

diabetes: A drug class overview. P T. 2015;40(7):451-462. PMID: 
26185406 

35. Verma S. Are the cardiorenal benefits of SGLT2 inhibitors due to 

inhibition of the sympathetic nervous system? JACC Basic Transl 
Sci. 2020;5(2):180-182. doi:10.1016/j.jacbts.2020.01.011. 



Ali et al                                                                                                                                                      SGLT2 inhibitors in T2DM 

  

 

80 
 

36. Sano M. A new class of drugs for heart failure: SGLT2 inhibitors 

reduce sympathetic overactivity. J Cardiol. 2018;71(5):471-476. doi: 
10.1016/j.jjcc.2017.12.004. 

37. Maruyama T, Takashima H, Oguma H, Nakamura Y, Ohno M, 

Utsunomiya K, et al. Canagliflozin improves erythropoiesis in 
diabetes patients with anemia of chronic kidney disease. Diabetes 

Technol Ther. 2019;21(12):713-720. doi: 10.1089/dia.2019.0212. 

 

38. Sano M, Goto S. Possible mechanism of hematocrit elevation by 

sodium-glucose cotransporter-2 inhibitors and associated beneficial 
renal and cardiovascular effects. Circulation. 2019;139(17):1985-

1987. doi: 10.1161/CIRCULATIONAHA.118.038881. 

39. Sano M, Chen S, Imazeki H, Ochiai H, Seino Y. Changes in heart rate 
in patients with type 2 diabetes mellitus after treatment with 

luseogliflozin: subanalysis of placebo-controlled, double-blind 

clinical trials. J Diabetes Investig. 2018;9:638-641. doi: 
10.1111/jdi.12726. 

 

© 2021 The Author(s). Published by Al-Rafidain University College. This is an open access article under the CC BY-NC-

ND license http://creativecommons.org/licenses/by/4.0/

 

 

 

 

 

 

http://creativecommons.org/licenses/by/4.0/

