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ABSTRACT
Background and Aims: Contrast-Induced Acute Kidney Injury (CI-AKI) is the third leading cause of hospital-acquired 
renal damage, associated with increased mortality and morbidity. Despite CI-AKI incidence decline, it remains a 
concern, especially during procedures like percutaneous coronary intervention, impacting the vulnerable elderly with 
compromised renal function. This study aimed at assessing the effect of Sodium–Glucose Transporter-2 Inhibitors in 
contrasting induced nephropathy.

Methods and Materials: Authors performed a systematic search of literature in Web of Science, Scopus, and PubMed 
with relevant keywords. Our eligibility criteria were defined based on the PICO framework. The pooled odds ratios were 
calculated using random effects model and Mantel-Haenszel method along with the 95% confidence intervals. For 
assessing the heterogeneity of the included studies, the I2 (I square) test was used. R and RStudio were used for the 
statistical analysis.

Results: Overall, from 20 records, 5 studies were added for final analysis. Based on the pooled OR of the included 
studies, there was no significant association between exposure to SGLT2-type drugs and CI-AKI compared to the control 
groups [OR=0.86, 95%CI: 0.29 – 2.51, p-value = 0.78]. Based on the pooled mean eGFR of the included studies, there 
was a significant association between exposure to SGLT2-type drugs and lower levels of eGFR compared to the control 
groups [MD=-4.00, 95%CI: -7.75 – -0.24, p-value = 0.04].

Conclusion: In conclusion, we assessed the impact of Sodium-Glucose Co-Transporter 2 Inhibitors (SGLT2i) on 
Contrast-Induced Acute Kidney Injury (CI-AKI). No significant association between SGLT2i use and CI-AKI risk was 
found, but a notable link emerged between SGLT2-type drug exposure and lower Estimated Glomerular Filtration Rate 
(eGFR). Uncertainty persists on whether SGLT2i prevent or contribute to CI-AKI, with a suggestion to temporarily halt 
SGLT2i before contrast studies, particularly in certain patients.

Keywords: Contrast Induced Nephropathy, Kidney Injury, Sodium-Glucose Transporter-2 Inhibitors. 

1Researcher and General Practitioner, Faculty of Medicine, Islamic Azad University, Tehran Medical Sciences Branch, Tehran, Iran
2Islamic Azad University, Pharmaceutical Sciences Branch, Tehran, Iran
3Department of Aerospace and Subaquatic Medicine, AJA University of Medical Sciences, Tehran, Iran

*Send correspondence to
Mohammad Darvishi	  
Infectious Diseases and Tropical Medicine Research Center (IDTMRC), Department of Aerospace and Subaquatic Medicine, AJA University of Medical Sciences, Tehran, 
Iran, E-mail: darvishi1349@gmail.com

Paper submitted on March 01, 2024; and Accepted on March 15, 2024



101
International Tinnitus Journal, Vol. S1 (2024)

www.tinnitusjournal.com

INTRODUCTION

Contrast-Induced Acute Kidney Injury (CI-AKI) stands as 
the third most prevalent cause of hospital-acquired acute 
renal damage, linked to heightened mortality, morbidity, 
and enduring renal impairment. Diverse definitions of CI-
AKI have been employed, contributing to variations in its 
reported incidence across studies. Recent standards, 
as per one study, define CI-AKI by criteria such as a 
serum creatinine increase of at least 0.3 mg/dL (or 26.5 
mmol/L) within 48 hours post-contrast media exposure, 
a serum creatinine rise exceeding 1.5 times the baseline 
within 7 days following contrast administration, and a 
urinary volume below 0.5 mL/kg/h for at least 6 hours 
post-contrast exposure1-3. Acknowledging the limitations 
of serum creatinine, the KDIGO criteria have exhibited 
superior predictive value for long-term mortality and 
morbidity in individuals undergoing contrast media 
procedures4-8. Despite a decrease in CI-AKI incidence 
in recent decades, it remains a significant concern, 
particularly in patients undergoing procedures like 
percutaneous coronary intervention, especially in acute 
scenarios and the vulnerable elderly population with 
often compromised renal function. Diabetes mellitus is a 
significant contributor to the risk of contrast-induced acute 
kidney injury, with patients having diabetic nephropathy 
facing the greatest susceptibility to this complication. The 
latest approved categories of glucose-lowering drugs 
exhibit considerable advantages for renal health. Yet, 
it remains uncertain whether these medications could 
potentially decrease the occurrence of CI-AKI9-13.

In this context, this review aimed to assess the most 
recent experimental and clinical studies investigating 
the beneficial effects of Sodium–Glucose Transporter-2 
Inhibitors (SGLT2i) on contrast induced nephropathy 
and renal injury, focusing on their potential role in the 
prevention of CI-AKI. 

MATERIALS & METHODS

This systematic review and meta-analysis study was 
conducted based on the  Preferred Reporting Items 
for Systematic reviews And Meta-Analyses (PRISMA) 
guideline 202014. 

Search strategy: Two authors performed a systematic 
search of literature in the following electronic databases: 
Web of Science, Scopus, and PubMed. No time limitation 
was defined and all English studies from the beginning 
until December 2023 were included. The relevant 
Medical Subject Heading (MeSH) terms and related 
keywords were used in combination to build the search 
strategy; (“Sodium-Glucose Transport Protein 2” OR 
“SGLT2”) and (“Kidney injury” OR “Contrast Induced 
Nephropathy”). 

Eligibility criteria: Our eligibility criteria were defined 
based on the PICO framework: (P) Population: patients 

with diabetes mellitus. (I) use of SGLT2-inhibitor drugs. 
(C) CI-AKI and eGFR. (O) Not applicable. Those studies 
that did not include a control group, were grey literature, 
lacked individual data, or were not in English, were 
excluded.

Data extraction and outcome measures: A standardized 
Excel sheet was prepared for data extraction. Two 
independent authors performed the data extraction 
based on the aforementioned data extraction sheet. 
Disagreement between these two authors, regarding 
inclusion, exclusion or data extraction, was discussed 
and resolved by a third author. The data extraction sheet 
included the following study characteristics: first author’s 
name, year of publication, country, study design, number 
of CI-AKI cases in the SGLT group, number CI-AKI cases 
in the control group, total number of cases in the SGLT 
group, total number of cases in the control group, mean/
sd of eGFR in the SGLT group, and mean/sd of eGFR in 
the control group.

Data synthesis and Statistical Analysis: We used R (R 
Foundation for Statistical Computing, Vienna, Austria) 
and RStudio (RStudio, Inc., Boston, MA) for the statistical 
analysis and creating the figures. The pooled odds ratios 
were calculated using random effects model and Mantel-
Haenszel method along with the 95% confidence intervals. 
For assessing the heterogeneity of the included studies, 
the I2 (I square) test was used. The Mantel-Haenszel 
method and random effects model was used for pooling 
the effect sizes. For testing the overall significance of the 
random model, z-test was performed Potential publication 
bias was graphically assessed by creating funnel plots for 
each of the aforementioned groups. 

RESULTS 

Our initial search retrieved 20 articles from PubMed, 
Scopus, and Web of Science, from which 4 duplicates 
were removed. After screening the title and abstract of 
16 records, 10 full texts were retrieved, among which 
5 studies (Figure 1) were included based on our 
eligibility criteria15-19. More detail regarding the study 
characteristics of the included studies is summarized 
in (Table 1). 

Based on the pooled OR of the included studies (Figure 
2), there was no significant association between exposure 
to SGLT2-type drugs and CI-AKI compared to the control 
groups [OR=0.86, 95%CI: 0.29 – 2.51, p-value = 0.78]. 
The heterogeneity of the included studies was graphically 
assessed by funnel plot (Figure 3).

Based on the pooled mean eGFR of the included studies 
(Figure 4), there was a significant association between 
exposure to SGLT2-type drugs and lower levels of eGFR 
compared to the control groups [MD=-4.00, 95%CI: -7.75 
– -0.24, p-value = 0.04]. The heterogeneity of the included 
studies was graphically assessed by funnel plot (Figure 5).
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        eGFR   CI-AKI
Author Year Design Country mean SD n mean SD n event N event N

Santos-Gallego et 
al.(19)

2020
Observational Retrospective 

Study
USA 75.1 23.3 52 78.9 21.1 52 - - - -

Hua et al. (18) 2022 Case-Control Study China 95.79 25.87 242 100.11 26.47 242 12 242 28 242
Feitosa et al. (17) 2023 Randomized Pilot Study Brazil 62.1 22.5 22 68.2 17.7 20 3 22 2 20
Paolisso et al. (15) 2023 Rerospective Cohort Study Italy - - - - - - 6 111 29 221
Ozkan et al. (16) 2023 Rerospective Cohort Study Turkey 68.28 63.45 208 66.48 63.14 104 64 208 14 104

Table 1. Characteristics of the Included Studies.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Records identified from*: 
PubMed, 
Scopus, 
Web of Science 
Total n = 20 

Records removed before 
screening: 
Duplicate records removed (n = 
4) 

Records screened 
(n = 16) 

Records excluded** 
(n =6) 

Reports sought for retrieval 
(n =10) 

Reports not retrieved 
(n = 0 

Reports assessed for eligibility 
(n =10) 

Reports excluded: 
Inappropriate Design (n =3) 
Insufficient Data (n = 2) 

Studies included in review 
(n = 5) 

Id
en

tif
ic

at
io

n 
Sc

re
en

in
g 

 
In

cl
ud

ed
 

Figure 1: PRISMA flowchart of the included studies.

Figure 2: The forest plot of CI-AKI among the included studies.
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Figure 3: Funnel plot of CI-AKI assessment among the included studies.

Figure 5: The forest plot of mean eGFR among the included studies.

Figure 4: Funnel plot of eGFR assessment among the included studies.
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DISCUSSION

Our systematic review and meta-analysis study was 
designed to assess the effect of SGLT2-inhibitor drugs 
on the Contrast Induced Nephropathy (CI-AKI). Based on 
the pooled results, the analysis of studies did not reveal 
a significant association between the use of SGLT2-
inhibitor drugs and the risk of CI-AKI compared to control 
groups. However, a significant finding was a significant 
association between the exposure to SGLT2-type drugs 
and lower levels of Estimated Glomerular Filtration Rate 
(eGFR) compared to control groups. 

The development of Contrast-Induced Acute Kidney 
Injury (CI-AKI) involves a range of pathophysiological 
mechanisms, with hemodynamic changes, inflammation, 
and oxidative stress playing crucial roles. These factors 
can be further exacerbated in the context of abnormal 
glycemic control. Acute hyperglycemia is linked to 
reduced endothelial-mediated vasodilation, exacerbating 
medullary hypoxia due to lower nitric oxide availability7,20-22. 
Additionally, it can trigger inflammation and the synthesis 
of reactive oxygen species, heightening the risk of 
contrast-induced injury in renal tubular cells. Notably, a 
diabetic condition, particularly abnormal glycemic values 
before Contrast Media (CM) administration, has been 
identified as a predictor of CI-AKI. In this context, SGLT2 
inhibitors have the potential to mitigate this complication 
by optimizing glycemic control, thereby counteracting the 
adverse renal effects associated with chronic and acute 
hyperglycemia23-25.

Moreover, contrast-induced acute kidney injury is 
commonly characterized by a sudden decline in renal 
function following the administration of iodinated contrast 
media. However, it is essential to recognize that, beyond 
contrast-induced hemodynamic abnormalities and 
cytotoxicity, the risk of acute kidney injury is significantly 
influenced by individual patient characteristics and the 
presence of concurrent contributing factors, such as 
underlying medical conditions and medications8,26,27. 
As a result, the term “contrast-associated” has been 
proposed as an alternative to “contrast-induced.” 
Among the various patient characteristics, baseline 
renal function is particularly crucial, as lower Estimated 
Glomerular Filtration Rate levels are associated with an 
increased risk of CI-AKI. SGLT2 inhibitors may have the 
potential to enhance renal outcomes and possibly delay 
the progression of chronic kidney disease in individuals 
with type 2 diabetes mellitus; thus, they could indirectly 
mitigate the risk of CI-AKI by improving baseline renal 
function in this patients28-30. Notably, most randomized 
and observational studies have not demonstrated an 
increased incidence of AKI associated with SGLT2 
inhibitors, irrespective of the causative exposure31-34.

Chronic Kidney Disease and heart failure pose significant 
health challenges globally, leading to substantial 
morbidity and mortality, despite the availability of 
pharmacological interventions. Originally designed as 
glucose-lowering agents, sodium-glucose co-transporter 

2 inhibitors have demonstrated cardiovascular and renal 
benefits in patients with type 2 diabetes35-37. Subsequent 
dedicated trials aimed to assess the cardiovascular and 
kidney protective effects of SGLT2 inhibitors in individuals 
with CKD or heart failure. The outcomes of these trials 
and subsequent in-depth analyses have revealed 
consistent benefits across various patient subgroups. 
These advantages extend to individuals with or without 
type 2 diabetes, those at different CKD stages, and 
patients experiencing heart failure with preserved or 
reduced ejection fraction. Notably, post-hoc analyses 
have indicated that SGLT2 inhibitors can reduce the risk 
of anemia and hyperkalemia in CKD patients. In terms of 
safety, SGLT2 inhibitors are generally well tolerated, with 
no observed increased risk of hypoglycemia in patients 
with CKD or heart failure without diabetes. Importantly, 
these inhibitors do not elevate the risk of acute kidney 
injury. Consequently, SGLT2 inhibitors represent an 
exciting and novel therapeutic option for clinicians 
managing patients with CKD and heart failure38-41.

On the contrary, the specific pharmacological impacts 
of SGLT2 inhibitors could potentially contribute to the 
occurrence of contrast-induced acute kidney injury. 
SGLT2i-induced osmotic diuresis and natriuretic may 
lead to intravascular volume depletion and dehydration, 
playing a significant role in this context42-46. Additionally, 
individuals taking SGLT2i are likely to use other drug 
classes, such as diuretics and ACE inhibitors, which 
may enhance the effects of volume depletion and 
renal vasculature. However, the combined effects of 
these factors have not been thoroughly investigated. 
In an experimental study conducted by Griffin et al., 
the concurrent administration of empagliflozin and 
intravenous bumetanide was associated with increased 
blood volume depletion. Interestingly, no elevated kidney 
damage was observed with this combination, and even a 
reduced release of urinary kidney injury molecule-1 was 
noted in patients receiving both SGLT2i and diuretics 
compared to those on diuretics alone. Similarly, in the 
DECLARE–TIMI 58 trial, AKI occurred less frequently 
with dapagliflozin, regardless of baseline blood pressure 
or diuretic use. In the DAPA-HF trial, the renal safety of 
SGLT2i was not compromised by concomitant high doses 
of diuretics, despite reports of higher volume depletion in 
patients receiving both agents and high-dose diuretics47-51. 
Consequently, mean creatinine values and the incidence 
of renal adverse events did not exhibit significant 
differences between patients on long-term dapagliflozin 
with and without diuretics. Moreover, several studies have 
investigated the potential synergistic effects of SGLT2i 
and ACE inhibitors/angiotensin receptor blockers in 
diabetic and non-diabetic nephropathy, without raising 
concerns about the safety of this combination for renal 
outcomes. A recent meta-analysis, encompassing large, 
randomized trials, reported greater efficacy in lowering 
composite kidney outcomes with the combination therapy 
of Angiotensin-Converting Enzyme Inhibitors/Angiotensin 
Receptor Blockers (ACEi/ARB) and SGLT2i compared to 
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ACEi/ARB monotherapy in patients with type 2 diabetes. 
Notably, an experimental study has recently reported the 
SGLT2i-mediated down regulation of the renal expression 
of angiotensin II type-2 receptor in a rat model, potentially 
contributing to the Reno protective effects of SGLT2i in 
the context of concomitant use of ACEi/ARB52-56.

In summary, the potential of Sodium-Glucose Co-
Transporter 2 Inhibitors to either prevent or contribute to 
the development of Contrast-Induced Acute Kidney Injury 
remains uncertain, and there are several gaps in our current 
understanding of this topic. While the overall data on the 
risk of acute kidney injury is reassuring, some suggest 
temporarily discontinuing SGLT2i before undergoing 
radio contrast studies as a preventive measure for CI-AKI. 
However, this approach may be justified only in patients 
showing signs of volume contraction, sepsis, or active 
decompensating disease. Furthermore, parenchymal 
injury resulting from SGLT2i administration appears to be 
confined to tubular involvement, as indicated by specific 
urine biomarkers like neutrophil gelatinase–associated 
lipocalin or kidney injury molecule 1. Notably, these 
biomarkers have not been assessed as predictors of CI-
AKI in patients using SGLT2i, prompting some authors 
to recommend their measurement to investigate the 
actual occurrence of hypoxic tubular injury in diabetic 
patients on SGLT2i. Ultimately, specific evidence-based 
guidelines are currently lacking, underscoring the urgent 
need for further research in this area.

CONCLUSION

Our systematic review and meta-analysis aimed to 
evaluate the impact of Sodium-Glucose Co-Transporter 
2 Inhibitors on Contrast-Induced Acute Kidney Injury. The 
analysis did not reveal a significant association between 
SGLT2i use and CI-AKI risk compared to control groups. 
However, a notable finding was a significant association 
between exposure to SGLT2-type drugs and lower 
estimated glomerular filtration rate levels compared to 
control groups. The uncertainty regarding whether SGLT2i 
prevent or contribute to CI-AKI persists, with several 
knowledge gaps. Figure 3 outlines the potential renal and 
systemic effects of SGLT2i that may play a role in CI-AKI 
development. While overall data on AKI risk is reassuring, 
some suggest temporarily discontinuing SGLT2i before 
contrast studies as a preventive measure, particularly in 
patients with signs of volume contraction, sepsis, or active 
disease. Parenchymal injury from SGLT2i seems limited 
to tubular involvement, indicated by specific biomarkers. 
However, these biomarkers haven’t been evaluated as 
CI-AKI predictors in SGLT2i users, prompting some to 
recommend their measurement for assessing hypoxic 
tubular injury in diabetic patients on SGLT2i. The lack 
of specific evidence-based guidelines underscores the 
urgent need for further research in this area.

REFERENCES
1.	 Zhu Q, Zhou Q, Luo XL, Zhang XJ, Li SY. Combination of 

canagliflozin and puerarin alleviates the lipotoxicity to diabetic 
kidney in mice. Korean J Physiol Pharmacol. 2023;27(3):221-30.

2.	 Yan W, Wen S, Zhou L. Effect of Intestinal Flora on 
Hyperuricemia-Induced Chronic Kidney Injury in Type 2 
Diabetic Patients and the Therapeutic Mechanism of New 
Anti-Diabetic Prescription Medications. Diabetes Metab 
Syndr Obes. 2023;16:3029-44.

3.	 Yan CL, Erben A, Sancassani R. Evaluation of Inpatient 
Sodium-Glucose Co-Transporter-2 Inhibitor Use in Patients 
Hospitalized for Acute Heart Failure. Am J Cardiol. 2023.

4.	 Weng YF, Chen CY, Hwang SJ, Huang YB. Evaluation 
of sodium-glucose cotransporter 2 inhibitors for renal 
prognosis and mortality in diabetes patients with heart failure 
on diuretics. Kaohsiung J Med Sci. 2023;39(4):416-25.

5.	 Mireskandari SM, Karvandian K, Iranpour Y, Shabani S, 
Jafarzadeh A. Comparison between General Anesthesia and 
Epidural Anesthesia in Inguinal Herniorrhaphy Regarding 
the Incidence of Urinary Retention. J Anesth Clin Res. 
2016;7:614. 

6.	 Thomas MC, Neuen BL, Twigg SM, Cooper ME, Badve SV. 
SGLT2 inhibitors for patients with type 2 diabetes and CKD: 
a narrative review. Endocr Connect. 2023;12(8).

7.	 Scurt FG, Ganz MJ, Herzog C, Bose K, Mertens PR, 
Chatzikyrkou C. Association of metabolic syndrome and 
chronic kidney disease. Obes Rev. 2023:e13649.

8.	 Moscowchi A, Moradian-Lotfi S, Koohi H, Sarrafan Sadeghi T. 
Levels of smoking and outcome measures of root coverage 
procedures: a systematic review and meta-analysis. Oral 
Maxillofac Surg. 2023.

9.	 Tanriover C, Copur S, Ucku D, Cakir AB, Hasbal NB, Soler 
MJ, et al. The Mitochondrion: A Promising Target for Kidney 
Disease. Pharmaceutics. 2023;15(2).

10.	Stottlemyer BA, McDermott MC, Minogue MR, Gray 
MP, Boyce RD, Kane-Gill SL. Assessing adverse drug 
reaction reports for antidiabetic medications approved 
by the food and drug administration between 2012 and 
2017: a pharmacovigilance study. Ther Adv Drug Saf. 
2023;14:20420986231181334.

11.	Sise ME, Katz-Agranov N, Strohbehn IA, Harden D, Moreno 
D, Durbin C, et al. Brief Report: Use and Side Effects of 
Sodium-Glucose Transporter 2 Inhibitors Among US People 
With HIV With Clinical Indications. J Acquir Immune Defic 
Syndr. 2023;94(1):53-6.

12.	Shelke V, Kale A, Dagar N, Habshi T, Gaikwad AB. 
Concomitant inhibition of TLR-4 and SGLT2 by phloretin and 
empagliflozin prevents diabetes-associated ischemic acute 
kidney injury. Food Funct. 2023;14(11):5391-403.

13.	Shoaee S, Masinaei M, Moghaddam SS, Sofi-Mahmudi A, 
Hessari H, Shamsoddin E, et al. National and Subnational 
Trend of Dental Caries of Permanent Teeth in Iran, 1990–
2017 Int Dent J. 2023.

14.	Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann 
TC, Mulrow CD, et al. The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. Bmj. 
2021;372.

15.	Paolisso P, Bergamaschi L, Cesaro A, Gallinoro E, Gragnano 
F, Sardu C, et al. Impact of SGLT2-inhibitors on contrast-
induced acute kidney injury in Diabetic patients with Acute 
Myocardial Infarction with and without chronic kidney 
disease: Insight from SGLT2-I AMI PROTECT Registry. 
Diabetes Res Clin Pract. 2023:110766.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10122997/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10122997/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10122997/
https://www.tandfonline.com/doi/abs/10.2147/DMSO.S429068
https://www.tandfonline.com/doi/abs/10.2147/DMSO.S429068
https://www.tandfonline.com/doi/abs/10.2147/DMSO.S429068
https://www.tandfonline.com/doi/abs/10.2147/DMSO.S429068
https://www.sciencedirect.com/science/article/pii/S0002914923012936
https://www.sciencedirect.com/science/article/pii/S0002914923012936
https://www.sciencedirect.com/science/article/pii/S0002914923012936
https://onlinelibrary.wiley.com/doi/abs/10.1002/kjm2.12635
https://onlinelibrary.wiley.com/doi/abs/10.1002/kjm2.12635
https://onlinelibrary.wiley.com/doi/abs/10.1002/kjm2.12635
https://onlinelibrary.wiley.com/doi/abs/10.1002/kjm2.12635
https://www.researchgate.net/profile/Seyed-Mohammad-Mireskandari/publication/303240624_Comparison_between_General_Anesthesia_and_Epidural_Anesthesia_in_Inguinal_Herniorrhaphy_Regarding_the_Incidence_of_Urinary_Retention/links/5959000d0f7e9ba95e125f9f/Comparison-between-General-Anesthesia-and-Epidural-Anesthesia-in-Inguinal-Herniorrhaphy-Regarding-the-Incidence-of-Urinary-Retention.pdf
https://www.researchgate.net/profile/Seyed-Mohammad-Mireskandari/publication/303240624_Comparison_between_General_Anesthesia_and_Epidural_Anesthesia_in_Inguinal_Herniorrhaphy_Regarding_the_Incidence_of_Urinary_Retention/links/5959000d0f7e9ba95e125f9f/Comparison-between-General-Anesthesia-and-Epidural-Anesthesia-in-Inguinal-Herniorrhaphy-Regarding-the-Incidence-of-Urinary-Retention.pdf
https://www.researchgate.net/profile/Seyed-Mohammad-Mireskandari/publication/303240624_Comparison_between_General_Anesthesia_and_Epidural_Anesthesia_in_Inguinal_Herniorrhaphy_Regarding_the_Incidence_of_Urinary_Retention/links/5959000d0f7e9ba95e125f9f/Comparison-between-General-Anesthesia-and-Epidural-Anesthesia-in-Inguinal-Herniorrhaphy-Regarding-the-Incidence-of-Urinary-Retention.pdf
https://ec.bioscientifica.com/view/journals/ec/12/8/EC-23-0005.xml
https://ec.bioscientifica.com/view/journals/ec/12/8/EC-23-0005.xml
https://onlinelibrary.wiley.com/doi/abs/10.1111/obr.13649
https://onlinelibrary.wiley.com/doi/abs/10.1111/obr.13649
https://link.springer.com/article/10.1007/s10006-023-01172-4
https://link.springer.com/article/10.1007/s10006-023-01172-4
https://www.mdpi.com/1999-4923/15/2/570
https://www.mdpi.com/1999-4923/15/2/570
https://journals.sagepub.com/doi/abs/10.1177/20420986231181334
https://journals.sagepub.com/doi/abs/10.1177/20420986231181334
https://journals.sagepub.com/doi/abs/10.1177/20420986231181334
https://journals.sagepub.com/doi/abs/10.1177/20420986231181334
https://journals.lww.com/jaids/_layouts/15/oaks.journals/downloadpdf.aspx?an=00126334-990000000-00247
https://journals.lww.com/jaids/_layouts/15/oaks.journals/downloadpdf.aspx?an=00126334-990000000-00247
https://journals.lww.com/jaids/_layouts/15/oaks.journals/downloadpdf.aspx?an=00126334-990000000-00247
https://pubs.rsc.org/en/content/articlehtml/2023/fo/d3fo01379k
https://pubs.rsc.org/en/content/articlehtml/2023/fo/d3fo01379k
https://pubs.rsc.org/en/content/articlehtml/2023/fo/d3fo01379k
https://www.sciencedirect.com/science/article/pii/S0020653923001314
https://www.sciencedirect.com/science/article/pii/S0020653923001314
https://www.sciencedirect.com/science/article/pii/S0020653923001314
https://www.bmj.com/content/372/bmj.n71.short
https://www.bmj.com/content/372/bmj.n71.short
https://www.sciencedirect.com/science/article/pii/S0168822723005296
https://www.sciencedirect.com/science/article/pii/S0168822723005296
https://www.sciencedirect.com/science/article/pii/S0168822723005296
https://www.sciencedirect.com/science/article/pii/S0168822723005296


106
International Tinnitus Journal, Vol. S1 (2024)

www.tinnitusjournal.com

16.	Özkan U, Gürdoğan M. The Effect of SGLT2 Inhibitors on the 
Development of Contrast-Induced Nephropathy in Diabetic 
Patients with Non-ST Segment Elevation Myocardial 
Infarction. Medicina. 2023;59(3):505.

17.	Feitosa MPM, Lima EG, Abizaid AAC, Mehran R, Lopes 
NHM, de Assis Fischer Ramos T, et al. The safety of 
SGLT-2 inhibitors in diabetic patients submitted to elective 
percutaneous coronary intervention regarding kidney 
function: SAFE-PCI pilot study. Diabetol Metab Syndr. 
2023;15(1):138.

18.	Hua R, Ding N, Guo H, Wu Y, Yuan Z, Li T. Contrast-
Induced Acute Kidney Injury in Patients on SGLT2 Inhibitors 
Undergoing Percutaneous Coronary Interventions: A 
Propensity-Matched Analysis. Front Cardiovasc Med. 
2022;9.

19.	Santos-Gallego CG, Palamara G, Requena-Ibanez JA, 
Vargas AP, Mohebi R, Abascal V, et al. Pretreatment with 
Sglt2 inhibitors ameliorates contrast-induced nephropathy. 
J Am Coll Cardiol. 2020;75(11):1405-.

20.	Roddick AJ, Wonnacott A, Webb D, Watt A, Watson MA, 
Staplin N, et al. UK Kidney Association Clinical Practice 
Guideline: Sodium-Glucose Co-transporter-2 (SGLT-2) 
Inhibition in Adults with Kidney Disease 2023 UPDATE. BMC 
Nephrol. 2023;24(1):310.

21.	Rigato M, Fadini GP, Avogaro A. Safety of sodium-glucose 
cotransporter 2 inhibitors in elderly patients with type 2 
diabetes: A meta-analysis of randomized controlled trials. 
Diabetes Obes Metab. 2023;25(10):2963-9.

22.	Pérez Martínez BO, Adie SK, Marshall VD, Konerman MC. 
Short-term outcomes after sodium-glucose cotransporter-2 
inhibitor initiation in a cohort of heart failure patients. ESC 
Heart Fail. 2023;10(5):3223-6.

23.	Paolisso P, Bergamaschi L, Gragnano F, Gallinoro E, Cesaro 
A, Sardu C, et al. Outcomes in diabetic patients treated 
with SGLT2-Inhibitors with acute myocardial infarction 
undergoing PCI: The SGLT2-I AMI PROTECT Registry. 
Pharmacol Res. 2023;187:106597.

24.	Paolisso P, Bergamaschi L, Cesaro A, Gallinoro E, Gragnano 
F, Sardu C, et al. Impact of SGLT2-inhibitors on contrast-
induced acute kidney injury in diabetic patients with acute 
myocardial infarction with and without chronic kidney 
disease: Insight from SGLT2-I AMI PROTECT registry. 
Diabetes Res Clin Pract. 2023;202:110766.

25.	Oe Y, Vallon V. Targeting amino acid transport to improve 
acute kidney injury outcome. Nephron. 2023.

26.	Nakhleh A, Othman A, Masri A, Zloczower M, Zolotov S, 
Shehadeh N. Clinical Outcomes of Diabetic Ketoacidosis 
in Type 2 Diabetes Patients with and without SGLT2 
Inhibitor Treatment: A Retrospective Study. Biomedicines. 
2023;11(10).

27.	Nakai K, Umehara M, Minamida A, Yamauchi-Sawada H, 
Sunahara Y, Matoba Y, et al. Streptozotocin induces renal 
proximal tubular injury through p53 signaling activation. Sci 
Rep. 2023;13(1):8705.

28.	Zhuo M, Paik JM, Wexler DJ, Bonventre JV, Kim SC, Patorno 
E. SGLT2 Inhibitors and the Risk of Acute Kidney Injury 
in Older Adults With Type 2 Diabetes. Am J Kidney Dis. 
2022;79(6):858-67.e1.

29.	Zhai R, Liu Y, Tong J, Yu Y, Yang L, Gu Y, et al. Empagliflozin 
Ameliorates Preeclampsia and Reduces Postpartum 
Susceptibility to Adriamycin in a Mouse Model Induced 
by Angiotensin Receptor Agonistic Autoantibodies. Front 
Pharmacol. 2022;13:826792.

30.	Zannad F, Ferreira JP, Butler J, Filippatos G, Januzzi 
JL, Sumin M, et al. Effect of empagliflozin on circulating 
proteomics in heart failure: mechanistic insights into the 
EMPEROR programme. Eur Heart J. 2022;43(48):4991-
5002.

31.	Yang S, Zhao L, Mi Y, He W. Effects of sodium-glucose 
cotransporter-2 inhibitors and aldosterone antagonists, in 
addition to renin-angiotensin system antagonists, on major 
adverse kidney outcomes in patients with type 2 diabetes 
and chronic kidney disease: A systematic review and network 
meta-analysis. Diabetes Obes Metab. 2022;24(11):2159-68.

32.	Yang S, He W, Zhao L, Mi Y. Association between use of 
sodium-glucose cotransporter 2 inhibitors, glucagon-like 
peptide 1 agonists, and dipeptidyl peptidase 4 inhibitors 
with kidney outcomes in patients with type 2 diabetes: A 
systematic review and network meta-analysis. PLoS One. 
2022;17(4):e0267025.

33.	Yang L, Gabriel N, Hernandez I, Vouri SM, Kimmel SE, 
Bian J, et al. Identifying Patients at Risk of Acute Kidney 
Injury Among Medicare Beneficiaries With Type 2 Diabetes 
Initiating SGLT2 Inhibitors: A Machine Learning Approach. 
Front Pharmacol. 2022;13:834743.

34.	Wang Q, Ju F, Li J, Liu T, Zuo Y, Abbott GW, et al. 
Empagliflozin protects against renal ischemia/reperfusion 
injury in mice. Sci Rep. 2022;12(1):19323.

35.	Tomasoni D, Fonarow GC, Adamo M, Anker SD, Butler J, 
Coats AJS, et al. Sodium-glucose co-transporter 2 inhibitors 
as an early, first-line therapy in patients with heart failure and 
reduced ejection fraction. Eur J Heart Fail. 2022;24(3):431-
41.

36.	Thiele K, Rau M, Hartmann NK, Möller M, Möllmann J, 
Jankowski J, et al. Empagliflozin reduces markers of acute 
kidney injury in patients with acute decompensated heart 
failure. ESC Heart Fail. 2022;9(4):2233-8.

37.	Sen T, Koshino A, Neal B, Bijlsma MJ, Arnott C, Li J, et al. 
Mechanisms of action of the sodium-glucose cotransporter-2 
(SGLT2) inhibitor canagliflozin on tubular inflammation and 
damage: A post hoc mediation analysis of the CANVAS trial. 
Diabetes Obes Metab. 2022;24(10):1950-6.

38.	Nusca A, Piccirillo F, Viscusi MM, Giannone S, Mangiacapra 
F, Melfi R, et al. Contrast-induced Acute Kidney Injury 
in Diabetic Patients and SGLT-2 Inhibitors: A Preventive 
Opportunity or Promoting Element?. J Cardiovasc 
Pharmacol. 2022;80(5):661-71.

39.	Mitsas AC, Elzawawi M, Mavrogeni S, Boekels M, Khan A, 
Eldawy M, et al. Heart Failure and Cardiorenal Syndrome: 
A Narrative Review on Pathophysiology, Diagnostic and 
Therapeutic Regimens-From a Cardiologist’s View. J Clin 
Med. 2022;11(23).

40.	Huang X, Guo X, Yan G, Zhang Y, Yao Y, Qiao Y, et al. 
Dapagliflozin Attenuates Contrast-induced Acute Kidney 
Injury by Regulating the HIF-1α/HE4/NF-κB Pathway. J 
Cardiovasc Pharmacol. 2022;79(6):904-13.

https://www.mdpi.com/1648-9144/59/3/505
https://www.mdpi.com/1648-9144/59/3/505
https://www.mdpi.com/1648-9144/59/3/505
https://www.mdpi.com/1648-9144/59/3/505
https://link.springer.com/article/10.1186/s13098-023-01107-9
https://link.springer.com/article/10.1186/s13098-023-01107-9
https://link.springer.com/article/10.1186/s13098-023-01107-9
https://link.springer.com/article/10.1186/s13098-023-01107-9
https://www.frontiersin.org/articles/10.3389/fcvm.2022.918167/full
https://www.frontiersin.org/articles/10.3389/fcvm.2022.918167/full
https://www.frontiersin.org/articles/10.3389/fcvm.2022.918167/full
https://www.frontiersin.org/articles/10.3389/fcvm.2022.918167/full
https://www.jacc.org/doi/full/10.1016/s0735-1097%2820%2932032-5
https://www.jacc.org/doi/full/10.1016/s0735-1097%2820%2932032-5
https://link.springer.com/article/10.1186/s12882-023-03339-3
https://link.springer.com/article/10.1186/s12882-023-03339-3
https://link.springer.com/article/10.1186/s12882-023-03339-3
https://dom-pubs.onlinelibrary.wiley.com/doi/abs/10.1111/dom.15193
https://dom-pubs.onlinelibrary.wiley.com/doi/abs/10.1111/dom.15193
https://dom-pubs.onlinelibrary.wiley.com/doi/abs/10.1111/dom.15193
https://onlinelibrary.wiley.com/doi/abs/10.1002/ehf2.14489
https://onlinelibrary.wiley.com/doi/abs/10.1002/ehf2.14489
https://onlinelibrary.wiley.com/doi/abs/10.1002/ehf2.14489
https://www.sciencedirect.com/science/article/pii/S1043661822005436
https://www.sciencedirect.com/science/article/pii/S1043661822005436
https://www.sciencedirect.com/science/article/pii/S1043661822005436
https://www.sciencedirect.com/science/article/pii/S0168822723005296
https://www.sciencedirect.com/science/article/pii/S0168822723005296
https://www.sciencedirect.com/science/article/pii/S0168822723005296
https://www.sciencedirect.com/science/article/pii/S0168822723005296
https://karger.com/nef/article/147/12/774/860365
https://karger.com/nef/article/147/12/774/860365
https://www.mdpi.com/2227-9059/11/10/2689
https://www.mdpi.com/2227-9059/11/10/2689
https://www.mdpi.com/2227-9059/11/10/2689
https://www.nature.com/articles/s41598-023-35850-w
https://www.nature.com/articles/s41598-023-35850-w
https://www.sciencedirect.com/science/article/pii/S0272638621009537
https://www.sciencedirect.com/science/article/pii/S0272638621009537
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.826792/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.826792/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.826792/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.826792/full
https://academic.oup.com/eurheartj/article-abstract/43/48/4991/6676779
https://academic.oup.com/eurheartj/article-abstract/43/48/4991/6676779
https://academic.oup.com/eurheartj/article-abstract/43/48/4991/6676779
https://dom-pubs.onlinelibrary.wiley.com/doi/abs/10.1111/dom.14801
https://dom-pubs.onlinelibrary.wiley.com/doi/abs/10.1111/dom.14801
https://dom-pubs.onlinelibrary.wiley.com/doi/abs/10.1111/dom.14801
https://dom-pubs.onlinelibrary.wiley.com/doi/abs/10.1111/dom.14801
https://dom-pubs.onlinelibrary.wiley.com/doi/abs/10.1111/dom.14801
https://dom-pubs.onlinelibrary.wiley.com/doi/abs/10.1111/dom.14801
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0267025
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0267025
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0267025
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0267025
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0267025
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.834743
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.834743
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.834743
https://www.nature.com/articles/s41598-022-24103-x
https://www.nature.com/articles/s41598-022-24103-x
https://onlinelibrary.wiley.com/doi/abs/10.1002/ejhf.2397
https://onlinelibrary.wiley.com/doi/abs/10.1002/ejhf.2397
https://onlinelibrary.wiley.com/doi/abs/10.1002/ejhf.2397
https://onlinelibrary.wiley.com/doi/abs/10.1002/ehf2.13955
https://onlinelibrary.wiley.com/doi/abs/10.1002/ehf2.13955
https://onlinelibrary.wiley.com/doi/abs/10.1002/ehf2.13955
https://dom-pubs.onlinelibrary.wiley.com/doi/abs/10.1111/dom.14779
https://dom-pubs.onlinelibrary.wiley.com/doi/abs/10.1111/dom.14779
https://dom-pubs.onlinelibrary.wiley.com/doi/abs/10.1111/dom.14779
https://journals.lww.com/cardiovascularpharm/fulltext/2022/11000/Contrast_induced_Acute_Kidney_Injury_in_Diabetic.6.aspx
https://journals.lww.com/cardiovascularpharm/fulltext/2022/11000/Contrast_induced_Acute_Kidney_Injury_in_Diabetic.6.aspx
https://journals.lww.com/cardiovascularpharm/fulltext/2022/11000/Contrast_induced_Acute_Kidney_Injury_in_Diabetic.6.aspx
https://www.mdpi.com/2077-0383/11/23/7041
https://www.mdpi.com/2077-0383/11/23/7041
https://www.mdpi.com/2077-0383/11/23/7041
https://journals.lww.com/cardiovascularpharm/fulltext/2022/06000/dapagliflozin_attenuates_contrast_induced_acute.17.aspx
https://journals.lww.com/cardiovascularpharm/fulltext/2022/06000/dapagliflozin_attenuates_contrast_induced_acute.17.aspx


107
International Tinnitus Journal, Vol. S1 (2024)

www.tinnitusjournal.com

41.	Hua R, Ding N, Guo H, Wu Y, Yuan Z, Li T. Contrast-
Induced Acute Kidney Injury in Patients on SGLT2 Inhibitors 
Undergoing Percutaneous Coronary Interventions: A 
Propensity-Matched Analysis. Front Cardiovasc Med. 
2022;9:918167.

42.	Nappi F, La Verde A, Carfora G, Garofalo C, Provenzano M, 
Sasso FC, et al. Nephrology Consultation for Severe SGLT2 
Inhibitor-Induced Ketoacidosis in Type 2 Diabetes: Case 
Report. Medicina (Kaunas). 2019;55(8).

43.	Menne J, Dumann E, Haller H, Schmidt BMW. Acute kidney 
injury and adverse renal events in patients receiving SGLT2-
inhibitors: A systematic review and meta-analysis. PLoS 
Med. 2019;16(12):e1002983.

44.	Lin YH, Huang YY, Hsieh SH, Sun JH, Chen ST, Lin CH. 
Renal and Glucose-Lowering Effects of Empagliflozin and 
Dapagliflozin in Different Chronic Kidney Disease Stages. 
Front Endocrinol (Lausanne). 2019;10:820.

45.	Kimura Y, Kuno A, Tanno M, Sato T, Ohno K, Shibata S, 
et al. Canagliflozin, a sodium-glucose cotransporter 2 
inhibitor, normalizes renal susceptibility to type 1 cardiorenal 
syndrome through reduction of renal oxidative stress in 
diabetic rats. J Diabetes Investig. 2019;10(4):933-46.

46.	Chu C, Lu YP, Yin L, Hocher B. The SGLT2 Inhibitor 
Empagliflozin Might Be a New Approach for the Prevention 
of Acute Kidney Injury. Kidney Blood Press Res. 
2019;44(2):149-57.

47.	Johansen ME, Argyropoulos C. The cardiovascular 
outcomes, heart failure and kidney disease trials tell that the 
time to use Sodium Glucose Cotransporter 2 inhibitors is 
now. Clin Cardiol. 2020;43(12):1376-87.

48.	Iskander C, Cherney DZ, Clemens KK, Dixon SN, Harel Z, 
Jeyakumar N, et al. Use of sodium-glucose cotransporter-2 

inhibitors and risk of acute kidney injury in older adults 
with diabetes: a population-based cohort study. Cmaj. 
2020;192(14):E351-e60.

49.	Beitelshees AL, Leslie BR, Taylor SI. Sodium-Glucose 
Cotransporter 2 Inhibitors: A Case Study in Translational 
Research. Diabetes. 2019;68(6):1109-20.

50.	Basit A, Radi Z, Vaidya VS, Karasu M, Prasad B. Kidney Cortical 
Transporter Expression across Species Using Quantitative 
Proteomics. Drug Metab Dispos. 2019;47(8):802-8.

51.	Barrera-Chimal J, Girerd S, Jaisser F. Mineralocorticoid 
receptor antagonists and kidney diseases: pathophysiological 
basis. Kidney Int. 2019;96(2):302-19.

52.	Lioudaki E, Whyte M, Androulakis ES, Stylianou KG, Daphnis 
EK, Ganotakis ES. Renal Effects of SGLT-2 Inhibitors and 
Other Anti-diabetic Drugs: Clinical Relevance and Potential 
Risks. Clin Pharmacol Ther. 2017;102(3):470-80.

53.	van Meer L, Moerland M, van Dongen M, Goulouze B, 
de Kam M, Klaassen E, et al. Renal Effects of Antisense-
Mediated Inhibition of SGLT2. J Pharmacol Exp Ther. 
2016;359(2):280-9.

54.	MacIsaac RJ, Jerums G, Ekinci EI. Cardio-renal protection 
with empagliflozin. Ann Transl Med. 2016;4(20):409.

55.	Heerspink HJ, Perkins BA, Fitchett DH, Husain M, Cherney 
DZ. Sodium Glucose Cotransporter 2 Inhibitors in the 
Treatment of Diabetes Mellitus: Cardiovascular and Kidney 
Effects, Potential Mechanisms, and Clinical Applications. 
Circulation. 2016;134(10):752-72.

56.	Hahn K, Ejaz AA, Kanbay M, Lanaspa MA, Johnson RJ. Acute 
kidney injury from SGLT2 inhibitors: potential mechanisms. 
Nat Rev Nephrol. 2016;12(12):711-2.

https://www.frontiersin.org/articles/10.3389/fcvm.2022.918167/full
https://www.frontiersin.org/articles/10.3389/fcvm.2022.918167/full
https://www.frontiersin.org/articles/10.3389/fcvm.2022.918167/full
https://www.frontiersin.org/articles/10.3389/fcvm.2022.918167/full
https://www.mdpi.com/1648-9144/55/8/462
https://www.mdpi.com/1648-9144/55/8/462
https://www.mdpi.com/1648-9144/55/8/462
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1002983
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1002983
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1002983
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2019.00820
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2019.00820
https://onlinelibrary.wiley.com/doi/abs/10.1111/jdi.13009
https://onlinelibrary.wiley.com/doi/abs/10.1111/jdi.13009
https://onlinelibrary.wiley.com/doi/abs/10.1111/jdi.13009
https://onlinelibrary.wiley.com/doi/abs/10.1111/jdi.13009
https://karger.com/kbr/article/44/2/149/182554
https://karger.com/kbr/article/44/2/149/182554
https://karger.com/kbr/article/44/2/149/182554
https://onlinelibrary.wiley.com/doi/abs/10.1002/clc.23508
https://onlinelibrary.wiley.com/doi/abs/10.1002/clc.23508
https://onlinelibrary.wiley.com/doi/abs/10.1002/clc.23508
https://onlinelibrary.wiley.com/doi/abs/10.1002/clc.23508
https://www.cmaj.ca/content/192/14/E351.short
https://www.cmaj.ca/content/192/14/E351.short
https://www.cmaj.ca/content/192/14/E351.short
https://diabetesjournals.org/diabetes/article-abstract/68/6/1109/39722
https://diabetesjournals.org/diabetes/article-abstract/68/6/1109/39722
https://diabetesjournals.org/diabetes/article-abstract/68/6/1109/39722
https://dmd.aspetjournals.org/content/47/8/802.abstract
https://dmd.aspetjournals.org/content/47/8/802.abstract
https://dmd.aspetjournals.org/content/47/8/802.abstract
https://www.sciencedirect.com/science/article/pii/S008525381930300X
https://www.sciencedirect.com/science/article/pii/S008525381930300X
https://www.sciencedirect.com/science/article/pii/S008525381930300X
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1002/cpt.731
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1002/cpt.731
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1002/cpt.731
https://jpet.aspetjournals.org/content/359/2/280.abstract
https://jpet.aspetjournals.org/content/359/2/280.abstract
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5107394/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5107394/
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.116.021887
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.116.021887
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.116.021887
https://www.nature.com/articles/nrneph.2016.159/1000
https://www.nature.com/articles/nrneph.2016.159/1000

	Title

