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Diabetes mellitus is the foremost fons et origo of immedicable kidney disorder all over the world.
It is essential to provide glycemic control as well as reduce micro and macrovascular complications,
particularly diabetic nephropathy. Inhibitors of co-transporter Sodium-glucose 2 were suggested to
provide cardiorenal protection, regardless of glycemic control. This literature review aims to assess
the renal protection of patients with inhibitors of SGLT2 in diabetes mellitus type-2 and the
commonly reported adverse effects. We used the PubMed database and search for relevant articles.
We used the following Mesh words: SGLT2 inhibitors, diabetes mellitus Type-2, CKD, Diabetic
nephropathy, cardiovascular risk. The use of SGLT2 inhibitors appears to provide cardiorenal
protection by certain mechanisms, particularly through albuminuria reduction. Nonetheless, specific
adverse effects have been reported, such as increasing the risk of diabetic ketoacidosis, amputation,
and genital infection. Caution must be taken to account once an individual started on one of the
SGLT-2 inhibitors.

This is an open-access article distributed under the terms of the Creative Commons Attribution-
Non Commercial-Share Alike 4.0 License, which allows others to remix, tweak, and build upon the
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Introduction

Diabetes mellitus (DM) is a set of metabolic disarrays outlined by increased blood glucose levels [1]. People affected by DM
are at greater menace for morbidity and mortality compared to the broad spectrum of people and carry a high-cost burden
worldwide [1, 2]. In 2017, the estimated prevalence of DM was approximately 425 million cases and will increase to 629 mill
by the year 2040 [2]. Diabetes mellitus T-2 is one of the common T-2 diabetes, count for almost 90-95% of all patients [2, 3].
Notably, the global increase of unhealthy lifestyles, the aging population, and the rising incidence of obesity can potentially
explain the diabetes pandemic, especially in the United States [2, 3]. It is essential to manage adequately diabetes to control
the cardiovascular risk, the most common cause of diabetic populations, since early phases of vascular involvement may
already exist before diagnosing diabetes or even in the pre-diabetic status [2, 3].
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Microvascular complications induced by diabetes include renal failure, diabetic eye disease (DED), and neuropathy;
additionally, vascular tube problems emerge as supplementary pervasive, incorporating Heart attack, peripheral vascular
occlusive disorder (PVVOD), and carotid artery stenosis [3]. T2DM is an important threat component for (CKD), atherosclerotic
heart disease, and heart failure, of all, are related to an elevated rate of disease, death rate, poor high-quality life, and surge
healthcare cost [4]. Diabetes frequently causes (ESRD) kidney failure, necessitating renal substitute remedy in developed
countries for the last ten years [5], and the unexpectedly growing occurrence of diabetes globally might also predict that the
percentage of renal failure induced through diabetes will further increase [6]. However, the persistent Renal Insufficiency
Cohort (CRIC) observation has concluded that in multi-center observational research that the occurrence of T2DM is soaring
amongst patients with CKD as compared to the overall population [7]. Moreover, a report issued from the (NHANES)
determined that the pervasiveness of diabetic kidney disease had accelerated continuously from 1988 thru 2008, and the latest
United States (USRDS) record suggests that almost 30% growth within the prevalence of ESRD in diabetic populations in the
United States among 1992 and 2008 [6]. Diabetic nephropathy (DNP) is manifested by albuminuria that developed in nearly
40% of type 1 and 2 diabetes mellitus [5, 8]. The classic pathophysiological changes in DNP are progressive hyper-filtration
of glomerular, moderately increased albumin, urinary protein creatinine ratio, and a drop within the renal ultrafiltration (GFR),
fundamentally ending with dialysis [9]. Microscopically, disperse and enlargement of mesangial nodular with the basement of
glomerular membrane solidifying is the hallmark of DNP [10]. Diffuse mesangial growth progresses rapidly as the fifth year
from the onset of diabetes, which is the most primitive substantial exchange through light microscopy [10]. The stages of DNP
are listed in Table 1 [10].

Regarding the mortality rate of DNP, it was suggested that the mortality rate has increased by 94% between 1990 and 2012
[8]. The world health organization predicts that mortality associated with diabetes will be two-fold by 2030 [8]. Ordinarily,
the greatest diabetic complications will be controlled by strict control of hyperglycemia, arterial hypertension (BP), CH3(CH2)
nCOOH, and way of life [8]. Although initial proof recommended renin-angiotensin-aldosterone blockade agents to prevent
CKD progression, current statistics from cardiac results trials and renal particular trials have provided a unique extra perception
into the (SGLT2i) benefits in lowering the evolution of CKD and cardiovascular threat [8]. There is ongoing evidence
recommended that SGLT2i provides renal protection regardless of glycemic control [9].

Table 1. Diabetic nephropathy stages based on glomerular lesions
CLASS DESCRIPTION AND CRITERIA

Non-specific or mild changes on light microscopy and conformed GBM thickening confirmed by electron microscopy: GBM>
395 nm (female), GBM> 430 nm (male).

1A Mild mesangial expansion in >25% of the observed mesangium; area of mesangial proliferation < area of the capillary cavity.

11B  Severe mesangial expansion in >25% of the observed mesangium. Area of mesangial proliferation < area of the capillary cavity.

11 At least one apparent nodular sclerosis (Kimmelstiel-Wilson lesion)

v Advanced diabetic glomerulosclerosis in >50% of glomeruli.

Results and Discussion

SGLT2 Inhibitors and The Renoprotection Mechanism

In an individual with normal glycemia and kidney function, both kidneys can filter up to 180g of CsH120s per day, and the
clarified CsH120s is almost totally re-engrossed inside the proximal convoluted tubules (PCT) through several actions of both
apical /basolateral epithelial transporters [11]. SGLT-2 and SGLT-1 are tributary dynamic symporters articulated within the
proximal tubules' brush of the apical edge [11]. SGLT engross CéHi20s alongside Sodium succeeding a gradient of
electrochemical potential for Sodium that is mounted through the basolateral Sodium/Potassium-ATPase, vigorously energies
Na from the tubular cells into the circulation [11, 12]. Furthermore, SGLT-2 performs a small but crucial position in the manner
of CeH1206 /Sodium egression. To clarify, reabsorbing one Sodium-ion for each CsH1206 from the lumen of the initial proximal
convoluted tubule (PCT) [13].

Within the overdue proximal convoluted tubule, the high-affinity/low-ability SGLT-1 engross two Sodium ions for each
CsHi20s molecule [13]. However, the mechanism is under-exploited in the ordinary kidneys as >90% of the clarified CsH120s
is reabsorbed through SGLT-2 [13]. SGLT-2 is the dominant kidney transporter, accountable for nearly 97% of transporter
throughout the cell membrane, and SGLT-1 is liable for about 3% of the transport [12]. Several SGLT2i are present within the
market, for instance, dapagliflozin, empagliflozin, ertugliflozin, canagliflozin, and sotagliflozin (dual SGLT inhibitor).
Moreover, the beneficial effect of SGLT2i on the kidneys appears independently to glycemic control [14].

Importantly, SGLT2i also provides kidney benefit in an individual with the presence of normal CsHi2Os in the blood
(HbA1C<7%), in whom additional CeH1.Os decreasing changed into the slightest [14]. The DAPA-HF trial had shown that
individuals without or with diabetes have some beneficial up-shot of SGLT2i on coronary heart failure and kidney disease,
regardless of the diabetes status [14]. Additionally, SGLT2i was found to restore tubuloglomerular feedback, which explains
the salutary kidney effects of SGLT2i [14]. Restoration of tubuloglomerular feedback resulted from increased NaCl to (the
microscopic preparations seem dimmer and nuclei eminence causes the distal tubule wall section to close juxtaposition); as a
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result, endogenous materials, including adenosine, are established and emancipated, constricting the afferent arteriole via the
adenosine-1 receptors [14, 15]. Thus dropping glomerular blood flow and hyperfiltration of glomerular, the primary
mechanism for gradual glomerular injury [14]. Furthermore, by increasing sodium excretion, the proximal up-shot of
natriuretic may be excited through the observed practical blockade of NHE3 [15]. In addition, the soaring volume of
intraluminal leads to a surge of regressive hydraulic pressure in Bowman's space, constraining filtration pressure [15]. Besides,
SGLT?2i consistently reduces body weight and blood pressure and may enhance numerous mediators of vascular renal blood
flow in each abstaining and state of postprandial, for instance, lower in natriuretic atrial hormone and Czs7H383NesO77Ss,
glucagon increase, and peptide glucagon-like 1 (GLP-1) [15].

Evidence-Based Supporting SGLT2 Inhibitors Benefit for the Kidneys

In a scientific overview and meta-analysis of randomized placebo-managed trials, Husam et al. determined that SGLT2i
reduces the chance of dreadful kidney outcomes by 38% in 59,747 patients [16]. In one trial among patients with diabetic
nephropathy, it was found that canagliflozin reduces the threat of last-phase of kidney disorder, doubling up serum creatinine
and kidney or cardiac mortality by 30% compared with standard care [16]. Furthermore, the C23H27ClO7 (Jardiance) final
results Trial in patients with chronic coronary heart Failure with dwindled E-tRial was confirmed the beneficial up-shot of
SGLT?2i on cardiac and kidney consequences in patients with HFrEF, without or with T2DM [16].

Moreover, Nespoux et al. concluded in a literature review that SGLT2i provides an advantage up-shot at the renal and cardiac
structures by targeting the renal CeHi20s reabsorption within the proximal convoluted tubules [17]. The Invokana (3--4-
methylphenyl) and renal activities in Diabetes with mounted Nephropathy Scientific Assessment (CREDENCE) trial confirms
the cardiorenal advantage of SGLT2i in T2DM patients with CKD despite minor glucose reduction [17]. Moreover,
empagliflozin effectively provides cardiorenal protection; dwindling albuminuria and CsH4N4Os, mounted consequences on
hyperglycemia, weight, visceral adiposity, and blood pressure [18].

Besides, the Invokana (3--4-methylphenyl) Cardiovascular Evaluation Observation (CANVAS) application assessed the
cardiac protection of Invokana compared to placebo [19]. As a result, patients who had been managed with Invokana had a
dwindling chance of hospitalization secondary to coronary heart failure, albuminuria development, and sizeable loss of kidney
feature compared with patients who obtained a placebo; however, it was not statistically significant [19]. Similarly, the
renoprotection mechanism of SGLT2i inhibitors is possibly secondary to improved glycemic and blood pressure control,
discount in albuminuria, and amelioration of dimensions overload [19]. Interestingly, the cardiorenal beneficial effect of
SGLT?2i in T2DM patients has been suggested to provide a similar impact on patients with type-1 diabetes [20].

Safety Consideration

Overall, SGLT2i is proven to be an effective treatment for diabetes with a favorable renal side effect profile and patient
satisfaction [21, 22]. Adverse effects, such as genital infections, can be avoided by adequate self-hygiene and patient education
[22]. Nevertheless, SGLT?2i initiation resulted in an improved chance of amputation and approximately doubled the risk of
diabetic ketoacidosis, although hospitalization accordingly was infrequent [23, 24]. As a result, this was directed to a
cautionary from the (FDA) in May 2015 [23].

Conclusion

In the magnitude of macro and microvascular complications of diabetes mellitus, it is essential to provide an antidiabetic agent
that is not only effective in improving glycemic control but also offers cardiorenal protection and reduced all-cause mortality.
SGLT-2 inhibitors are novel oral antidiabetic agents that effectively provide renal protection in the diabetic population,
especially through the reduction of albuminuria. Hence, the progression of diabetic nephropathy will be subsequently reduced.
However, certain adverse outcomes have been reported, and the use of these agents must be done with caution. We
recommended further meta-analysis for separated SGLT-2 inhibitors agents to assess the beneficial renal effect, especially in
patients with established diabetic nephropathy.

Acknowledgments: None

Conflict of interest: None

Financial support: None

Ethics statement: None

References

1. Ogurtsova K, da Rocha Fernandes JD, Huang Y, Linnenkamp U, Guariguata L, Cho NH, et al. IDF Diabetes Atlas: Global

estimates for the prevalence of diabetes for 2015 and 2040. Diabetes Res Clin Pract. 2017;128:40-50.
doi:10.1016/j.diabres.2017.03.024

83



Allihybi et al., 2021

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pharmacophore, 12(5) 2021, Pages 81-84
Dal Canto E, Ceriello A, Rydén L, Ferrini M, Hansen TB, Schnell O, et al. Diabetes as a cardiovascular risk factor: An
overview of global trends of macro and microvascular complications. Eur J Prev Cardiol. 2019;26(2_suppl):25-32.
doi:10.1177/2047487319878371
Glovaci D, Fan W, Wong ND. Epidemiology of Diabetes Mellitus and Cardiovascular Disease. Curr Cardiol Rep.
2019;21(4):21. doi:10.1007/s11886-019-1107-y
Khunti K. SGLT2 inhibitors in people with and without T2DM. Nat Rev Endocrinol. 2021;17(2):75-6.
doi:10.1038/s41574-020-00453-2
Packham DK, Alves TP, Dwyer JP, Atkins R, de Zeeuw D, Cooper M, et al. Relative incidence of ESRD versus
cardiovascular mortality in proteinuric type 2 diabetes and nephropathy: results from the DIAMETRIC (Diabetes Mellitus
Treatment for Renal Insufficiency Consortium) database. Am J Kidney Dis. 2012;59(1):75-83.
d0i:10.1053/j.ajkd.2011.09.017
National Kidney Foundation. KDOQI Clinical Practice Guideline for Diabetes and CKD: 2012 update. Am J Kidney Dis.
2012;60(5):850-86.
Jepson C, Hsu JY, Fischer MJ, Kusek JW, Lash JP, Ricardo AC, et al. Incident Type 2 Diabetes Among Individuals with
CKD: Findings from the Chronic Renal Insufficiency Cohort (CRIC) Study. Am J Kidney Dis. 2019;73(1):72-81.
d0i:10.1053/j.ajkd.2018.06.017
Stephens JW, Brown KE, Min T. Chronic kidney disease in type 2 diabetes: Implications for managing glycaemic control,
cardiovascular and renal risk. Diabetes Obes Metab. 2020;22(S1):32-45.
Doshi SM, Friedman AN. Diagnosis and Management of Type 2 Diabetic Kidney Disease. Clin J Am Soc Nephrol.
2017;12(8):1366-73.
Qi C, Mao X, Zhang Z, Wu H. Classification and Differential Diagnosis of Diabetic Nephropathy. J Diabetes Res.
2017;2017:1-7. doi:10.1155/2017/8637138
Nespoux J, Vallon V. SGLT2 inhibition and kidney protection. Clin Sci. 2018;132(12):1329-39.
Libianto R, Ekinci El. New Agents for the Treatment of Type 2 Diabetes. Crit Care Clin. 2019;35(2):315-28.
doi:10.1016/j.ccc.2018.11.007
Thomas MC, Cherney DZI. The actions of SGLT2 inhibitors on metabolism, renal function, and blood pressure.
Diabetologia. 2018;61(10):2098-107. doi:10.1007/s00125-018-4669-0
Tuttle KR, Brosius FC, Cavender MA, Fioretto P, Fowler KJ, Heerspink HJL, et al. SGLT2 Inhibition for CKD and
Cardiovascular Disease in Type 2 Diabetes: Report of a Scientific Workshop Sponsored by the National Kidney
Foundation. Am J Kidney Dis. 2021;77(1):94-1009.
Tonneijck L, Muskiet MHA, Smits MM, Van Bommel EJ, Heerspink HJL, Van Raalte DH, et al. Glomerular
Hyperfiltration in Diabetes: Mechanisms, Clinical Significance, and Treatment. J Am Soc Nephrol. 2017;28(4):1023-39.
Salah HM, Al'Aref SJ, Khan MS, Al-Hawwas M, Vallurupalli S, Mehta JL, et al. Effect of sodium-glucose cotransporter
2 inhibitors on cardiovascular and kidney outcomes-Systematic review and meta-analysis of randomized placebo-
controlled trials. Am Heart J. 2021;232:10-22. doi:10.1016/j.ahj.2020.10.064
Nespoux J, Vallon V. Renal effects of SGLT2 inhibitors: an update. Curr Opin Nephrol Hypertens. 2020;29(2):190-8.
d0i:10.1097/MNH.0000000000000584
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):2117-28. doi:10.1056/nejmoal504720
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):644-57.
Yamada T, Shojima N, Noma H, Yamauchi T, Kadowaki T. Sodium-glucose co-transporter-2 inhibitors as add-on therapy
to insulin for type 1 diabetes mellitus: Systematic review and meta-analysis of randomized controlled trials. Diabetes
Obes Metab. 2018;20(7):1755-61. doi:10.1111/dom.13260
Kumar K, Kheiri B, Simpson TF, Osman M, Rahmouni H. Sodium-Glucose Cotransporter-2 Inhibitors in Heart Failure:
A Meta-Analysis of Randomized Clinical Trials. Am J Med. 2020;133(11):625-30. doi:10.1016/j.amjmed.2020.04.006
Zelniker TA, Wiviott SD, Raz I, Sabatine MS. SGLT-2 inhibitors for people with type 2 diabetes — Authors' reply. Lancet.
2019;394(10198):560-1.
Fralick M, Schneeweiss S, Patorno E. Risk of Diabetic Ketoacidosis after Initiation of an SGLT2 Inhibitor. N Engl J Med.
2017;376(23):2300-2. doi:10.1056/NEJMc1701990
Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, Bonaca MP, et al. SGLT2 inhibitors for primary and secondary
prevention of cardiovascular and renal outcomes in type 2 diabetes: a systematic review and meta-analysis of
cardiovascular outcome trials. Lancet. 2019;393(10166):31-9. doi:10.1016/S0140-6736(18)32590-X

84


https://dx.doi.org/10.1053/j.ajkd.2018.06.017

