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 ABSTRACT 

The COVID-19 pandemic has affected all the infrastructures of human life and has turned 
into a global emergency. COVID-19 infection mostly affects the respiratory system but can 
also cause multi-organ failure, such as acute kidney injury (AKI). The present review aims to 
assess the relationship between COVID-19 and kidney disorders and hypertension. The six 
official databases, namely PubMed, WHO COVID-19 database, Academic Search Premier, 
Science Direct, Google Scholar, and CORD-19, were searched for scientific reports (original 
articles) using the keywords: “COVID-19”, “Coronavirus”, “SARS CoV-2”, “Kidney disease”, 
“Acute renal failure”, “Kidney transplant”, and "Hypertension". A total of 58 articles were 
considered for a full review.  
The prevalence of AKI was more than 6% prevalent in COVID-19 patients. Furthermore, AKI 
and hypertension were associated with higher morbidity and mortality. To control 
hypertension, there were different opinions and findings regarding the use of angiotensin 
receptor blockers (ARBs) and angiotensin-converting enzyme inhibitors (ACEIs); however, 
most of the studies suggested using these drugs to control blood pressure. AKI is associated 
with higher morbidity and mortality rates. A simple urinalysis in patients with suspected 
COVID-19 can reveal renal dysfunction at the earlier onset of complication, which may be 
very helpful before progressing to late-stage kidney disease. In addition to AKI, 
hypertension is considered to be accompanied by a worse prognosis. Further studies must 
be performed to clarify all the aspects of using hypertension medications in COVID-19 
patients. 
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Introduction  

The coronavirus disease (COVID-19) pandemic 

turned into a global emergency and has affected all 

the infrastructures of human life, such as the 

economy, health, and education; it also caused 

morbidity and mortality in all age groups. This virus is 

supposed to be arranged in the same group as 

middle-east respiratory syndromes (MERS) 

coronavirus and severe acute respiratory syndrome 

(SARS) coronavirus; however, COVID-19 has its own 

special features [1]. After the Spanish flu, COVID-19 

has been the most challenging public health issue. It 

mostly affects the respiratory system causing acute 

respiratory distress syndrome and severe pneumonia 

in some patients; despite this, the disease can be mild 

or even silent and without any symptoms at all [2]. 

Fever, cough, myalgia, and shortness of breath are 

the most common symptoms of COVID-19 infection 

[3]. The incubation period of this disease is about 2-

14 days after exposure [4], and the highest potential 

of person-to-person transmission is when the patient 

has clinical symptoms [5].  

Aged patients, males, and patients with a history of 

chronic diseases, such as cardiovascular disease 

(CVD), hypertension, chronic kidney disease (CKD), 

chronic liver disease, and diabetes, are proven to be 

infected with a more severe form of COVID-19 [1, 6] 

and have higher mortality rate [7, 8]. This virus is 

reported to be the main cause of multi-organ failure 

in some cases and can finally cause death [9]. Based 

on the reports, there is a relationship between 

cardiovascular complications and COVID-19 infection, 

which leads to myocardial injury, heart failure, and 

eventually death [10, 11]. Moreover, COVID-19 

contributes to renal complications, such as acute 

kidney injury (AKI), which have been shown to 

correlate with COVID-19 severity and mortality [12].  

The results of various studies have reported multiple 

organ failure due to COVID-19 infection. For example, 

almost half of the patients suffered from moderate to 

severe pneumonia, and one-fifth of them showed 

acute upper respiratory symptoms, such as nasal 

congestion, rhinorrhea, sore throat, and cough. Chu 

et al. showed that 6.7% of the patients developed 

acute renal impairment at an average duration of 20 

days after the beginning of early signs and symptoms 

[13-17]. Liver dysfunction was reported in about 60% 

of the patients with the elevation of aspartate-

aminotransferase [18]. 

As discussed, various recent reports show that renal 

disorder is a common complication in COVID-19 

patients [19, 20]. In this review, we aimed to assess 

the relationship between COVID-19 and kidney 

disorders and hypertension, as well as the effect of 

COVID-19 on kidney transplants and the need for 

kidney replacement in COVID-19 patients. 

Materials and Methods 

In the present review, three researchers did their 

searches independently using six official databases: 

Pubmed, WHO COVID-19 database, Academic Search 

Premier, Science Direct, Google Scholar, and CORD-

19. CORD-19 is a resource consisting of 128,000 

scholarly articles, including over 59,000 full-text 

articles related to COVID-19, SARS-CoV-2, and 

coronaviruses. The dataset is frequently updated 

when new research appears in peer-reviewed 

publications and archive services become available 

[21, 22].  

Filtering the articles was done using keywords, such 

as "COVID-19", "Coronavirus", "SARS CoV-2", "Kidney 

disease", "Acute renal failure", "Acute renal failure 

(ARF)", "Kidney transplant", "Hypertension" and 

"HTN". About 4,800 articles that matched our 

keywords were found during our searches and the 

number of 68 articles were selected to be used for 

writing this review. The search terms are repeated for 

all the co-morbidities considered in this paper. 

Acute kidney injury  

Some studies have shown that COVID-19 infection 

can damage the kidneys and cause AKI [12]. When the 

glomerular filtration rate is suddenly reduced and the 

ability of kidneys to eliminate nitrogenous wastes is 

compromised, AKI happens [23]. This condition 

causes disturbed electrolyte balance and 

homeostasis in the body [24, 25]. AKI has five stages 

based on the classification of RIFLE (Risk, Injury, 

Failure, Loss, and End-stage renal failure), and each 
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one of these has specific clinical manifestations and 

para-clinical findings [24, 25]. The prevalence of AKI 

varies from region to region [26]. Based on studies 

from Asia, 5.5% of hospitalized patients experienced 

AKI, compared with 28.6% in the USA and Europe. 

This might be attributed to the varying therapeutic 

guidelines given to patients and their hospital 

admission [27-29]. For example, the patients' 

admission criteria to the hospitalization in China was 

a positive COVID-19 polymerase chain reaction test 

[23]; however, in the USA and Netherlands admission 

personnel only admitted symptomatic patients with 

moderate to severe disease [27, 29]. 

AKI and COVID-19 infection 

As mentioned before, COVID-19 infection can cause 

AKI in infected patients; therefore, the mechanism of 

how SARS-CoV-2 affects renal cells is important. 

Angiotensin-converting enzyme 2 (ACE2) does not 

only exist in lung alveolar cells but also in other 

organs, such as the kidney [30]. ACE2 and dipeptidyl 

peptidase-4 are expressed in renal tubular cells and 

help SARS CoV2 and MERS CoV2 bind to renal cells. 

Viral RNA has been detected in kidney tissue and in the 

urine in both infections [31]. Regarding this, ACE2 plays 

an important role in facilitating the virus’s entry into 

target cells and causes target cells to be sensitive to 

SARS-CoV2 [32, 33]. Therefore, the amount and the 

pattern of ACE2 expression in different tissues may 

determine the sensitivity of cells and even the 

symptoms of COVID-19 infection [34]. Reports have 

shown that only 6% of patients with SARS CoV2 

infection experienced AKI [35], and the prevalence of 

AKI is 3-9% [36]. Podocytes and proximal straight 

tubule cells are potential host cells for the COVID-19 

virus because these cells express ACE2 genes. 

According to evidence, ACE2 may have an important 

role in entering COVID-19 virus into renal cells [37, 38].  

Signs and symptoms in COVID-19 patients with renal 

involvement 

The most common signs and symptoms of kidney 

involvement in COVID-19 patients include 

proteinuria, hematuria, inflammation, and edema. 

The results of a recent study demonstrated that of 59 

cases admitted to the hospital with COVID-19 

infection, 63% developed proteinuria [39]. 

Furthermore, in patients admitted to hospitals with 

infection, renal swelling and edema were observed 

using computed tomography scans [40]. The level of 

blood urea nitrogen was elevated in 27% of all 

patients with COVID-19 infection and in 67% of the 

ceased ones [36].  

A recent report by Cheng et al [36] showed that 44% 

of the hospitalized patients had proteinuria and 

hematuria and 26.7% had hematuria on admission. A 

meta-analysis showed that AKI was associated with 

poor outcomes, such as higher morbidity and 

mortality, and the severity of COVID-19 infection. The 

association is not related to age, gender, 

cardiovascular disease, diabetes, chronic obstructive 

pulmonary disease, and chronic kidney disease [41]. 

The result of viral-induced cytopathic effects may 

cause AKI in COVID-19 patients, especially in patients 

with viremia. This shows the importance of early 

monitoring of the condition of kidney function, 

getting appropriate specimens from COVID-19 

patients with AKI, and careful handling of specimens 

to prevent accidental transmission [37]. 

Another important issue is disturbed renal function 

in COVID-19 patients; accordingly, 67% of deceased 

COVID-19 patients experienced impaired renal 

function, and about 25% of them had kidney 

dysfunction. Kidney failure is life-threatening, 

especially in patients with complications in other 

organs. Only 15% of the kidney function remained in 

patients with COVID-19 infection. Kidney involvement 

can be a crucial sign to differentiate between COVID-

19 patients and flu or common cold patients. This 

means that patients with kidney dysfunction should 

be checked for COVID-19 in the present and future 

[42, 43]. 

Treatment of AKI in COVID-19 patients 

After diagnosis of renal involvement in COVID-19 

patients, the treatment of this disorder must 

commence as soon as possible. Treatment of renal 

failure in patients with COVID-19 infection is not 

different from that in patients who are COVID-free, 

and both groups should take the same supportive 

treatment. Kidney replacement therapy is another 

option for both groups. By now, no effective antiviral 

medication is available to treat kidney dysfunction in 

these patients and new medications cannot be used 

without confirmed results [44]. All treatments and 

medications prescribed for hospitalized patients 

infected with COVID-19 can also be prescribed for 
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COVID-19 patients with AKI until the current 

knowledge is updated about COVID-19. This is 

because this disease is a new phenomenon that 

turned into a pandemic and with new observations 

and investigations about this disease, our information 

will be accurate in the future [45]. Nowadays, the best 

we know is that COVID-19 is capable of affecting 

multiple organs, and the kidney is one of the targets 

of this virus, as discussed before. Acute kidney injury 

was reported in 5.1% of the patients, and as 

mentioned before, such a kidney dysfunction may 

lead to renal failure and even death [13-16].  

Kidney replacement therapy in COVID-19 patients 

Infection with COVID-19 with just lung involvement 

as viral pneumonia can be severe enough to be fatal 

for the patient, especially for aged patients or those 

with underlying co-morbidities, such as kidney or liver 

involvement [46]. Kidney transplant patients involved 

with COVID-19 infection are very fragile and at high 

risk because of using immunosuppressant 

medications, renal disorder, and other co-morbidities 

related to their condition. According to other studies, 

81% of hospitalized patients with kidney transplants 

had co-morbidities, with diabetes mellitus and 

hypertension as the most common reported co-

morbidities. This reveals that patients with a recent 

history of kidney transplant therapy are at high risk of 

severe COVID-19 infection, not to mention that this 

increased risk is related to using immunosuppressive 

drugs. Kidney transplant recipients and candidates 

are as a rule at a greater risk for more severe infection 

because of the higher prevalence of hypertension, 

diabetes mellitus, obesity, and advanced age in this 

group [47]. 

Imam et al. [48] stated that the prevalence of AKI 

was in 28.2% of hospitalized patients with a recent 

history of kidney replacement therapy. However, the 

pooled AKI prevalence was 34.1%. This shows that 

patients with COVID-19 infection and kidney 

transplants are at higher risk of having AKI than other 

groups. AKI has been demonstrated to be associated 

with higher severity [49]. As a result, kidney 

transplant patients infected with COVID-19 may have 

worse outcomes and mortality. 

Fever has been reported to be the earliest symptom in 

99% of patients with COVID-19 [50, 51]. Nonetheless, 

15% of patients with a history of recent kidney 

transplants showed no signs of fever in their initial 

symptoms. Additionally, this review found that some 

unreported symptoms existed in the COVID-19-positive 

kidney transplant patients, including chest tightness and 

pain, upper respiratory symptoms, dehydration, 

conjunctivitis, dizziness, and weight loss [52]. 

Table 1. Briefly presented the kidney disorders and related clinical 
outcomes in COVID-19 patients. 

Kidney disorders and clinical 
outcomes    

Incidence 
rate (%) 

References 

Acute Kidney Injury 0.37 62 
Chronic Kidney Disease (CKD) 3.44 62 
Other disorders in COVID-19 
patients with CKD include: 

  

Myocardial infarction 8 62 
Acute heart failure 8.30 62 
Congestive heart failure 19.76 62 
Peripheral vascular disease 22.53 62 
Cerebrovascular disease 20.55 62 
Dementia 13.80 62 
Chronic pulmonary disease 35.57 62 
Connective tissue disease 11.30 62 
Peptic ulcer disease 24.11 62 
Mild liver disease 63.63 62 
Diabetes mellitus 77.86 62 
Hemiplegia 1.97 62 
Any malignancy 11.46 62 
Moderate to severe liver 
disease 

0.8 62 

Metastatic tumor 1.70 62 
Acquired immune deficiency 
syndrome 

0.4 62 

Hypertension 67.98 62 
Mortality  54.24 63 

 
COVID-19 and hypertension 

High blood pressure (hypertension) is one of the most 

common signs in patients with severe COVID-19 

infection [53]. In this part, we review some studies 

about the relationship between hypertension and 

severe COVID-19. One study has analyzed the UK 

Biobank to find out the relationship between high 

blood pressure and increased risk of pneumonia in 

COVID-19 patients. This study was carried out on 107 

thousand hypertensive patients, 3% of whom showed 

signs of pneumonia [54]. Analysis of data in this study 

showed that the risk of respiratory disease significantly 

increased in hypertensive patients. Additionally, 

patients with hypertension were at higher risk for 

acute respiratory infection and this risk was not related 

to age, gender, smoking status, and body mass index. 

Several studies have recently investigated the 

variability in the severity of COVID-19 disease in 

hypertensive patients and its medicinal therapy. In a 

study conducted by Ip et al. [55], it has been reported 
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that among 3,017 hospitalized COVID-19 patients, 53% 

had hypertension. In addition, using ACEIs and 

angiotensin II receptor blockers (ARBs) to control high 

blood pressure in hypertensive patients led to a 39% 

lower mortality rate compared to patients using other 

kinds of blood pressure medications. Accordingly, it is 

crucial to use ACEIs and ARBs for the treatment of 

hypertension in COVID-19 patients, and as a result, to 

reduce mortality rate. This information was approved 

by another study that observed 126 COVID-19 patients 

with hypertension and divided them into two groups of 

ARB/ACEI takers (n=43) and non-ARB/ACEI takers 

(n=83) [56]. A group of patients with COVID-19 

infection without hypertension was then randomly 

selected to investigate previous information based on 

age and gender. The results showed that there were 

fewer critical patients (9.3% vs. 22.9%, P=0.06) and 

mortality rate (4.7% vs. 13.3%, P=0.21) in ARB/ACEI 

takers in comparison to non-ARB/ACEI takers. 

However, these differences were not statistically 

significant. Similarly, Liu et al. [57] studied 

hypertensive patients with COVID-19 infection who 

used medications to control high blood pressure (ARBs, 

ACEIs, calcium channel blockers [CCBs], and beta 

blockers [BBs]), and compared them with patients who 

did not use any medication for hypertension. This 

study showed that among 46 elderly patients (>65), 

patients who were prescribed ARBs had a significantly 

lower risk of developing a severe disease compared to 

patients who used no drugs. Although no statistically 

significant relationship was found, patients using other 

medications, such as ACEIs, CCBs, and BBs, had a lower 

risk of developing a severe disease. This could be 

attributed to the limited number of cases of these 

medications compared to cases who took ARBs. 

Nevertheless, in another study, the researchers 

reported that using CCBs had a significant effect on 

COVID-19 patients and reduced the rates of morbidity 

and mortality exactly as same as ARBs and ACEIs drugs 

[58]. These arguments are not abnormal in this 

situation given that the COVID-19 virus is a novel 

phenomenon, and further studies will reveal more 

about different aspects of this disease over time. 

Therefore, further studies on CCBs and the efficacy of 

these types of drug in controlling COVID-19 symptoms 

is needed. Surprisingly, another study has reported 

that using ARBs and ACEIs increases the risk of severity 

and mortality in COVID-19 patients (P=0.063) [59]. 

Although the results of the mentioned study are not 

statistically significant, more studies must be carried 

out for more clarification. In the mentioned study, 

patients were older and most of them had chronic 

diseases, such as chronic kidney dysfunction, diabetes, 

cerebrovascular disease, and cardiovascular disease. 

Another study reported that using ARBs and ACEIs 

increased the risk of morbidity and mortality in COVID-

19 patients [60]. As mentioned before, a theory 

suggests that the COVID-19 virus probably enters renal 

cells using ACE receptors [61], and the hypothesis 

states that using ACEIs and ARBs up-regulates ACE 

receptors, and therefore, the virus can enter into renal 

cells more easily. After all, additional research is 

required to clarify the effects of these drugs on 

morbidity and mortality of COVID-19 infection. There is 

evidence of the involvement of other organs in 

patients with COVID-19 with kidney damage [62, 63]. 

The present study had some limitations. Due to the 

novelty of COVID-19 disease, a complete database of 

complications related to the disease, such as renal 

complications, was not available. 

Conclusion 

A review of 58 selected articles and other resources 

showed that AKI was accompanied by higher 

morbidity and mortality rates. It is important to 

mention that performing a simple urine analysis in 

patients suspected of COVID-19 can reveal kidney 

dysfunction at the beginning of the complication. 

Therefore, a simple urine analysis may be highly 

beneficial in limiting kidney damage before 

progressing to the late stage. In addition to AKI, 

hypertension is considered to be accompanied by a 

worse prognosis and higher morbidity and mortality 

rates. Mostly, the reports of articles suggested that 

using ARBs and ACEIs contributes to the reduction of 

morbidity and mortality in COVID-19 patients. Further 

studies are needed to clarify all aspects of using 

hypertension medications in COVID-19 patients. 

Acknowledgments 

This research has received no funding. 

Financial support and sponsorship 

There is no financial support. 

Conflicts of interest 

There is no conflict of interest. 



 
 

 

 

Jundishapur 
Journal of Medical Sciences 

 
May 2023. Vol 2. No 2 

Hosseininejad Kh, et al. Acute kidney injury and hypertension in COVID-19 infection. JSMJ. 2023; 2(2):82-89 

 

87 

References 

[1] Zaki N, Mohamed EA. The estimations of the COVID-19 
incubation period: a systematic review of the literature. J 
Infect Public Health. 2021;14(5):638-646. [DOI: 10.1016/j.jiph. 
2021.01.019] [PMID] 

[2] Wu Z, McGoogan JM. Characteristics of and important lessons from 
the coronavirus disease 2019 (COVID-19) outbreak in China: 
summary of a report of 72 314 cases from the Chinese Center for 
Disease Control and Prevention. JAMA. 2020;323(13):1239-1242. 
[DOI: 10.1001/jama.2020.2648] [PMID] 

[3] Huang C, Wang Y, Li X, Ren L, Zhao J, et al. Clinical features of 
patients infected with 2019 novel coronavirus in Wuhan, 
China. Lancet. 2020;395(10223):497-506. [DOI: 10.1016/S0 
140-6736(20)30183-5] [PMID] [PMCID] 

[4] Jiang F, Deng L, Zhang L, Cai Y, et al. Review of the clinical 
characteristics of coronavirus disease 2019 (COVID-19). J Gen 
Intern Med. 2020;35(5):1545-1549. [DOI: 10.1007/s11606-
020-05762-w] [PMID] [PMCID] 

[5] CDS. Coronavirus Disease 2019 (COVID-19). CDC. [Link] 

[6] Zheng YY, Ma YT, Zhang JY, Xie X. COVID-19 and the 
cardiovascular system. Nat Rev Cardiol. 2020;17(5):259-260. 
[DOI: 10.1038/s41569-020-0360-5] [PMID] [PMCID] 

[7] Weiss P, Murdoch DR. Clinical course and mortality risk of 
severe COVID-19. The Lancet. 2020;395(10229):1014-15. [DOI: 
10.1016/S0140-6736(20)30633-4] [PMID] [PMCID] 

[8] Kunutsor SK, Laukkanen JA. Markers of liver injury and clinical 
outcomes in COVID-19 patients: a systematic review and meta-
analysis. J Infect. 2021;82(1):159-98. [DOI: 10.1016/j.jinf.2020. 
05.045] [PMID] 

[9] Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y et al. Early 
transmission dynamics in Wuhan, China, of novel coronavirus–
infected pneumonia. New England journal of medicine. 
2020;382:1199-1207. [DOI: 10.1056/NEJMoa2001316] 

 

[10] Kunutsor SK, Laukkanen JA. Cardiovascular complications in 
COVID-19: a systematic review and meta-analysis. J Infect. 
2020;81(2):e139-e141. [DOI:10.1016/j.jinf. 2020.05.068] [PMID] 
[PMCID] 

[11] Guo T, Fan Y, Chen M, Wu X, Zhang L, et al. Cardiovascular 
implications of fatal outcomes of patients with coronavirus 
disease 2019 (COVID-19). JAMA Cardiol. 2020;5(7):811-818. 
[DOI: 10.1001/jamacardio.2020.1017] [PMID] [PMCID] 

[12] Wang X, Fang X, Cai Z, Wu X, Gao X, Min J, et al. Comorbid 
chronic diseases and acute organ injuries are strongly 
correlated with disease severity and mortality among COVID-
19 patients: a systemic review and meta-analysis. Research 
(Wash D C). 2020;2020:2402961. [DOI: 10.34133/2020/ 
2402961] [PMID] [PMCID] 

[13] Li Z, Wu M, Yao J, Guo J, Liao X, Song S, et al. Caution on kidney 
dysfunctions of 2019-nCoV patients. medRxiv. 2020. [DOI: 
10.1101/2020.02.08.20021212]  

[14] Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, et al. Kidney 
impairment is associated with in-hospital death of COVID-19. 
MedRxiv. 2020. [DOI: 10.1101/2020.02.18.20023242] 

[15] Valizadeh R, Baradaran A, Mirzazadeh A, Bhaskar LV. 
Coronavirus-nephropathy; renal involvement in COVID-19. J 
Renal Inj Prev. 2020;9(2):e18. [DOI: 10.34172/jrip.2020.18] 

[16] Mubarak M, Nasri H. COVID-19 nephropathy; an emerging 
condition caused by novel coronavirus infection. J 
Nephropathol. 2020;9(3): e21. [DOI: 10.34172/jnp.2020.21] 

[17] Chu KH, Tsang WK, Tang CS, Lam MF, Lai FM, To KF, et al. Acute 
renal impairment in coronavirus-associated severe acute 
respiratory syndrome. Kidney Int. 2005;67(2):698-705. [DOI: 
10.1111/j.1523-1755.2005.67130.x] [PMID] [PMCID] 

[18] Guan W, Ni Z, Hu Y, Liang W, Ou C, He J, et al. Clinical 
characteristics of 2019 novel coronavirus infection in China. 
MedRxiv. 2020. [DOI: 10.1101/2020.02.06.20020974] 

 [19] Peiris JS, Chu CM, Cheng VC, Chan KS, Hung IF, Poon LL, et al. 
Clinical progression and viral load in a community outbreak of 
coronavirus-associated SARS pneumonia: a prospective study. 
Lancet. 2003;361(9371):1767-72. [DOI: 10.1016/s0140-
6736(03)13412-5] [PMID] [PMCID] 

[20] Wang LL, Lo K, Chandrasekhar Y, Reas R, Yang J, Eide D, et al. Cord-
19: The covid-19 open research dataset. ArXiv. 2020. [PMID] 

[21] Manning CD, Raghavan P, Schütze H. An introduction to 
information retrieval. Cambridge, UK: Cambridge University 
Press. 2009. [Link]  

[22] Mariscalco G, Lorusso R, Dominici C, Renzulli A, Sala A. Acute 
kidney injury: a relevant complication after cardiac surgery. 
Ann Thorac Surg. 2011;92(4):1539-47. [DOI: 10.1016/j. 
athoracsur.2011.04.123] [PMID] 

[23] Parolari A, Pesce LL, Pacini D, Mazzanti V, Salis S, Sciacovelli C, 
et al. Risk factors for perioperative acute kidney injury after 
adult cardiac surgery: role of perioperative management. Ann 
Thorac Surg. 2012;93(2):584-91. [DOI: 10.1016/j. athoracsur. 
2011.09.073] [PMID] 

[24] Arora P, Kolli H, Nainani N, Nader N, Lohr J. Preventable risk 
factors for acute kidney injury in patients undergoing cardiac 
surgery. J Cardiothorac Vasc Anesth. 2012;26(4):687-97. [DOI: 
10.1053/j.jvca.2012.03.001] [PMID] 

[25] Hirsch JS, Ng JH, Ross DW, Sharma P, Shah HH, Barnett RL, et 
al. Acute kidney injury in patients hospitalized with COVID-19. 
Kidney Int. 2020;98(1):209-218. [DOI: 10.1016/j.kint.2020.05. 
006] [PMID] [PMCID] 

[26] National Institutes of Health. COVID-19 treatment guidelines. 
2020. [Link]  

[27] National Health Commission and State Administration of 
Traditional Chinese Medicine. Diagnosis and treatment 
protocol for novel coronavirus pneumonia (trial version 7). 
2020. [Link]  

[28] Federatie Medisch Specialisten. Guidance for admitting 
patients with suspected COVID-19 to hospital. [Link]  

[29] Ye M, Wysocki J, William J, Soler MJ, Cokic I, Batlle D. Glomerular 
localization and expression of angiotensin-converting enzyme 2 
and angiotensin-converting enzyme: implications for albuminuria 
in diabetes. J Am Soc Nephrol. 2006;17(11):3067-75. [DOI: 
10.1681/ASN.2006050423] [PMID] 

[30] Raj VS, Mou H, Smits SL, Dekkers DH, Muller MA, Dijkman R, et al. 
Dipeptidyl peptidase 4 is a functional receptor for the emerging 

https://doi.org/10.1016%2Fj.jiph.2021.01.019
https://doi.org/10.1016%2Fj.jiph.2021.01.019
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7869687/
https://doi.org/10.1001/jama.2020.2648
https://pubmed.ncbi.nlm.nih.gov/32091533/
https://doi.org/10.1016/s0140-6736(20)30183-5
https://doi.org/10.1016/s0140-6736(20)30183-5
https://pubmed.ncbi.nlm.nih.gov/31986264/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7159299/
https://doi.org/10.1007/s11606-020-05762-w
https://doi.org/10.1007/s11606-020-05762-w
https://pubmed.ncbi.nlm.nih.gov/32133578/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7088708/
https://www.cdc.gov/coronavirus/2019-ncov/index.%20html.%20Accessed%20February%2028,%202020
https://doi.org/10.1038/s41569-020-0360-5
https://pubmed.ncbi.nlm.nih.gov/32139904/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7095524/
https://doi.org/10.1016/s0140-6736(20)30633-4
https://doi.org/10.1016/s0140-6736(20)30633-4
https://pubmed.ncbi.nlm.nih.gov/32197108/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7138151/
https://doi.org/10.1016%2Fj.jinf.2020.05.045
https://doi.org/10.1016%2Fj.jinf.2020.05.045
https://pubmed.ncbi.nlm.nih.gov/32474033
http://dx.doi.org/10.1056/NEJMoa2001316
https://doi.org/10.1016/j.jinf.2020.05.068
https://pubmed.ncbi.nlm.nih.gov/32504747/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7832225/
https://doi.org/10.1001/jamacardio.2020.1017
https://pubmed.ncbi.nlm.nih.gov/32219356/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7101506/
https://doi.org/10.34133/2020/2402961
https://doi.org/10.34133/2020/2402961
https://pubmed.ncbi.nlm.nih.gov/32377638/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7187729/
https://doi.org/10.1101/2020.02.08.20021212
https://doi.org/10.1101/2020.02.08.20021212
https://doi.org/10.1101/2020.02.18.20023242
https://doi.org/10.34172/jrip.2020.18
https://doi.org/10.34172/jnp.2020.21
https://doi.org/10.1111/j.1523-1755.2005.67130.x
https://doi.org/10.1111/j.1523-1755.2005.67130.x
https://pubmed.ncbi.nlm.nih.gov/15673319/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7112337/
https://doi.org/10.1101/2020.02.06.20020974
https://doi.org/10.1016/s0140-6736(03)13412-5
https://doi.org/10.1016/s0140-6736(03)13412-5
https://pubmed.ncbi.nlm.nih.gov/12781535/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7112410/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7251955/
https://ds.amu.edu.et/xmlui/bitstream/handle/123456789/14697/Book%20558%20pages.pdf?sequence=1&isAllowed=y
https://doi.org/10.1016/j.athoracsur.2011.04.123
https://doi.org/10.1016/j.athoracsur.2011.04.123
https://pubmed.ncbi.nlm.nih.gov/21872837/
https://doi.org/10.1016/j.athoracsur.2011.04.123
https://doi.org/10.1016/j.athoracsur.2011.04.123
https://pubmed.ncbi.nlm.nih.gov/21872837/
https://doi.org/10.1053/j.jvca.2012.03.001
https://doi.org/10.1053/j.jvca.2012.03.001
https://pubmed.ncbi.nlm.nih.gov/22516466/
https://doi.org/10.1016/j.kint.2020.05.006
https://doi.org/10.1016/j.kint.2020.05.006
https://pubmed.ncbi.nlm.nih.gov/32416116/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7229463/
https://www.covid19treatmentguidelines.nih.gov/%20overview/management-of-covid-19/
https://www.chinadaily.com.cn/pdf/2020/1.Clinical.Protocols.
https://demedischspecialist.nl/sites/default/files/Leidraad
https://doi.org/10.1681/asn.2006050423
https://doi.org/10.1681/asn.2006050423
https://pubmed.ncbi.nlm.nih.gov/17021266/


 
 

 

88 
Hosseininejad Kh, et al. Acute kidney injury and hypertension in COVID-19 infection. JSMJ. 2023; 2(2): 82-89 

 

Jundishapur 
Journal of Medical Sciences 

May 2023. Vol 2. No 2 

human coronavirus-EMC. Nature. 2013;495(7440):251-4. [DOI: 
10.1038/nature12005] [PMID] [PMCID] 

[31] Kuba K, Imai Y, Rao S, Gao H, Guo F, et al. A crucial role of 
angiotensin converting enzyme 2 (ACE2) in SARS coronavirus-
induced lung injury. Nat Med. 2005; 11(8):875-9. [DOI: 
10.1038/nm1267] [PMID] [PMCID] 

[32] Zou X, Chen K, Zou J, Han P, Hao J, Han Z. Single-cell RNA-seq 
data analysis on the receptor ACE2 expression reveals the 
potential risk of different human organs vulnerable to 2019-
nCoV infection. Front Med. 2020;14(2):185-192. [DOI: 
10.1007/s11684-020-0754-0] [PMID] [PMCID] 

[33] Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, et al. A 
pneumonia outbreak associated with a new coronavirus of 
probable bat origin. Nature. 2020;579(7798):270-273. [DOI: 
10.1038/s41586-020-2012-7] [PMID] [PMCID] 

[34] Chu KH, Tsang WK, Tang CS, Lam MF, Lai FM, To KF, et al. Acute 
renal impairment in coronavirus-associated severe acute 
respiratory syndrome. Kidney Int 2005;67(2):698-705. [DOI: 
10.1111/j.1523-1755.2005.67130.x] [PMID] [PMCID] 

[35] Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, et al. Kidney 
impairment is associated with in-hospital death of COVID-19 
patients. Medrxiv. 2020. [DOI: 10.1101/2020.02.18.20023242] 

[36] Pan XW, Xu D, Zhang H, Zhou W, et al. Identification of a 
potential mechanism of acute kidney injury during the COVID-
19 outbreak: a study based on single-cell transcriptome 
analysis. ntensive Care Med. 2020;46(6):1114-1116. [DOI: 
10.1007/s00134-020-06026-1] [PMID] [PMCID] 

[37] Jefferson JA, Nelson PJ, Najafian B, Shankland SJ. Podocyte 
disorders: core curriculum 2011. Am J Kidney Dis. 2011;58(4):666-
77. [DOI: 10.1053/j.ajkd.2011.05.032] [PMID] [PMCID] 

[38] Wang T, Hu M, Chen X, Fu Y, Lei C, Dong H, et al. Caution on 
kidney dysfunctions of 2019-nCoV patients. MedRxiv. 2020. 
[DOI: 10.1101/2020.02.08.20021212]  

[39] Naicker S, Yang CW, Hwang SJ, Liu BC, Chen JH, Jha V. The 
Novel Coronavirus 2019 epidemic and kidneys. Kidney Int. 
2020;97(5):824-828. [DOI: 10.1016/j.kint.2020.03.001] [PMID] 
[PMCID] 

[40] Anthonius LM, Pranata R, Huang I, Yonas E, Soeroto AY, Supriyadi 
R. Multi organ Failure With Emphasis on Acute Kidney Injury and 
Severity of COVID-19: Systematic Review and Meta-Analysis. Can J 
Kidney Health Dis. 2020;7:2054358120938573. [DOI: 10.1177/ 
2054358120938573] [PMID] [PMCID] 

[41] Epidemiology Working Group for NCIP Epidemic Response, 
Chinese Center for Disease Control and Prevention. [The 
epidemiological characteristics of an outbreak of 2019 novel 
coronavirus diseases (COVID-19) in China]. Zhonghua Liu Xing 
Bing Xue Za Zhi. 2020;41(2):145-151. [DOI: 10.3760/cma.j.issn. 
0254-6450.2020.02.003] [PMID] 

[42] Ma Y, Diao B, Lv X, Zhu J, Liang W, Liu L, et al. Novel coronavirus 
disease in hemodialysis (HD) patients: Report from one HD 
center in Wuhan, China. medRxiv. 2020:2020-02 [DOI: 10. 
1101/2020.02.24.20027201v2] 

[43] Naicker S, Yang C, Hwang S, Liu C, Jha V. The 2019 Coronavirus 
epidemics and kidney disease. Kidney Int. 2020. [DOI: 
10.1016/j.kint.2020.03.001] [PMID] [PMCID] 

[44] Centers for Disease Control and Prevention. What to do if you 
are sick with 2019 Novel Coronavirus (2019-nCoV). CDCP; 
2020. [Link] 

 [45] Zhou F, Yu T, Du R, Fan G, et al. Clinical course and risk factors for 
mortality of adult inpatients with COVID-19 in Wuhan, China: a 
retrospective cohort study. Lancet. 2020;395(10229):1054-1062. 
[DOI: 10.1016/S0140-6736(20)30566-3] [PMID] [PMCID] 

[46] Imam A, Abukhalaf SA, Imam R, Abu-Gazala S, Merhav H, 
Khalaileh A. Kidney transplantation in the times of COVID-19–
a literature review. Ann Transplant. 2020;25:e925755. [DOI: 
10.12659/AOT.925755] [PMID] [PMCID] 

[47] Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, et al. Association of 
cardiac injury with mortality in hospitalized patients with 
COVID-19 in Wuhan, China. JAMA Cardiol. 2020;5(7):802-810. 
[DOI: 10.1001/jamacardio.2020.0950] [PMID] [PMCID] 

[48] Wang D, Hu B, Hu C, Zhu F, Liu X, et al. Clinical characteristics of 
138 hospitalized patients with 2019 novel coronavirus–infected 
pneumonia in Wuhan, China. JAMA. 2020;323(11):1061-1069. 
[DOI: 10.1001/jama.2020.1585] [PMID] [PMCID] 

 [49] World Health Organization (WHO): Report of the WHO-China joint 
mission on coronavirus disease 2019 (COVID-19). 2020. [Link]  

[50] Guan W, Liang W, Zhao Y, Liang H, Chen Z, , Li YM, et al. 
Comorbidity and its impact on 1590 patients with COVID-19 in 
China: a nationwide analysis. Eur Respir J. 2020;55(5):2000547. 
[DOI: 10.1183/13993003.00547-2020] [PMID] [PMCID] 

[51] Zekavat SM, Honigberg M, Pirruccello JP, Kohli P, Karlson EW, 
Newton-Cheh C, et al. Elevated Blood Pressure Increases 
Pneumonia Risk: Epidemiological Association and Mendelian 
Randomization in the UK Biobank. Med (N Y). 2021;2(2):137-
148.e4. [DOI: 10.1016/j.medj.2020.11.001] [PMID] [PMCID] 

[52] Ip A, Parikh K, Parrillo JE. Hypertension and renin-angiotensin-
aldosterone system inhibitors in patients with Covid-19. 
MedRxiv. 2020:04. [DOI:10(2020.04):24-0077388] 

[53] Yang G, Tan Z, Zhou L, Yang M, et al. Angiotensin II receptor 
blockers and angiotensin-converting enzyme inhibitors usage 
is associated with improved inflammatory status and clinical 
outcomes in COVID-19 patients with hypertension. MedRxiv. 
2020. [DOI: 10.1101/2020.03.31.20038935] 

[54] Liu Y, Huang F, Xu J, Yang P, et al. Anti-hypertensive 
Angiotensin II receptor blockers associated to mitigation of 
disease severity in elderly COVID-19 patients. MedRxiv. 
2020:2020-03.[DOI: 10.1101/2020.03.20.20039586] 

[55] Zhang L, Sun Y, Zeng HL, Peng Y, et al. Calcium channel blocker 
amlodipine besylate is associated with reduced case fatality 
rate of COVID-19 patients with hypertension. Cell Discov. 
2020;6(1):96. [DOI: 10.1038/s41421-020-00235-0] [PMID] 
[PMCID] 

[56] Zeng Z, Sha T, Zhang Y, Wu F, Hu H, Li H, et al. Hypertension in 
patients hospitalized with COVID-19 in Wuhan, China: a single-
center retrospective observational study. Int Heart J. 
2021;62(2):337-343. [DOI: 10.1536/ihj.20-323] [PMID] 

[57] Fang L, Karakiulakis G, Roth M. Are patients with hypertension 
and diabetes mellitus at increased risk for COVID-19 infection? 
Lancet Respir Med. 2020;8(4):e21. [DOI: 10.1016/S2213-
2600(20)30116-8] [PMID] [PMCID]  

https://doi.org/10.1038/nature12005
https://doi.org/10.1038/nature12005
https://pubmed.ncbi.nlm.nih.gov/23486063/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7095326/
https://doi.org/10.1038/nm1267
https://doi.org/10.1038/nm1267
https://pubmed.ncbi.nlm.nih.gov/16007097/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7095783/
https://doi.org/10.1007/s11684-020-0754-0
https://doi.org/10.1007/s11684-020-0754-0
https://pubmed.ncbi.nlm.nih.gov/32170560/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7088738/
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1038/s41586-020-2012-7
https://pubmed.ncbi.nlm.nih.gov/32015507/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7095418/
https://doi.org/10.1111/j.1523-1755.2005.67130.x
https://doi.org/10.1111/j.1523-1755.2005.67130.x
https://pubmed.ncbi.nlm.nih.gov/15673319/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7112337/
https://doi.org/10.1101/2020.02.18.20023242
https://doi.org/10.1007/s00134-020-06026-1
https://doi.org/10.1007/s00134-020-06026-1
https://pubmed.ncbi.nlm.nih.gov/32236644/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7106051/
https://doi.org/10.1053/j.ajkd.2011.05.032
https://pubmed.ncbi.nlm.nih.gov/21868143/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3183322/
https://doi.org/10.1101/2020.02.08.20021212
https://doi.org/10.1016/j.kint.2020.03.001
https://pubmed.ncbi.nlm.nih.gov/32204907/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7133222/
https://doi.org/10.1177/2054358120938573
https://doi.org/10.1177/2054358120938573
https://pubmed.ncbi.nlm.nih.gov/32685180/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7343353/
https://doi.org/10.3760/cma.j.issn.0254-6450.2020.02.003
https://doi.org/10.3760/cma.j.issn.0254-6450.2020.02.003
https://pubmed.ncbi.nlm.nih.gov/32064853/
https://doi.org/10.1101/2020.02.24.20027201
https://doi.org/10.1101/2020.02.24.20027201
https://doi.org/10.1016/j.kint.2020.03.001
https://doi.org/10.1016/j.kint.2020.03.001
https://pubmed.ncbi.nlm.nih.gov/32204907/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7133222/
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200123-sitrep-3-2019-ncov.pdf
https://doi.org/10.1016/s0140-6736(20)30566-3
https://pubmed.ncbi.nlm.nih.gov/32171076/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7270627/
https://doi.org/10.12659/aot.925755
https://doi.org/10.12659/aot.925755
https://pubmed.ncbi.nlm.nih.gov/32703929/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7409595/
https://doi.org/10.1001/jamacardio.2020.0950
https://pubmed.ncbi.nlm.nih.gov/32211816/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7097841/
https://doi.org/10.1001/jama.2020.1585
https://pubmed.ncbi.nlm.nih.gov/32031570/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7042881/
https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf.
https://doi.org/10.1183/13993003.00547-2020
https://pubmed.ncbi.nlm.nih.gov/32217650/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7098485/
https://doi.org/10.1016/j.medj.2020.11.001
https://pubmed.ncbi.nlm.nih.gov/33283203/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7703520/
https://doi.org/10.1101/2020.04.24.20077388
https://doi.org/10.1101/2020.03.31.20038935
https://doi.org/10.1101/2020.03.20.20039586
https://doi.org/10.1038/s41421-020-00235-0
https://pubmed.ncbi.nlm.nih.gov/33349633/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7752915/
https://doi.org/10.1536/ihj.20-323
https://pubmed.ncbi.nlm.nih.gov/33678794/
https://doi.org/10.1016/s2213-2600(20)30116-8
https://doi.org/10.1016/s2213-2600(20)30116-8
https://pubmed.ncbi.nlm.nih.gov/32171062/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7118626/


 
 

 

 

Jundishapur 
Journal of Medical Sciences 

 
May 2023. Vol 2. No 2 

Hosseininejad Kh, et al. Acute kidney injury and hypertension in COVID-19 infection. JSMJ. 2023; 2(2):82-89 

 

89 

[58] Wan Y, Shang J, Graham R, Baric RS, Li F. Receptor recognition 
by the novel coronavirus from wuhan: an analysis based on 
decade-long structural studies of SARS coronavirus. [DOI: 
10.1128/JVI.00127-20] [PMID] [PMCID]  

[59] Kang SH, Kim SW, Kim AY, Cho KH, et al. Association between 
Chronic Kidney Disease or Acute Kidney Injury and Clinical 
Outcomes in COVID-19 Patients. J Korean Med Sci. 
2020;35(50):e434. [DOI: 10.3346/jkms.2020.35.e434] [PMID] 
[PMCID] 

[60] R Raina, ZA Mahajan, P Vasistha, R Chakraborty, Mukunda K, 
Tibrewal A, Neyra J.A. Blood Purif. 2021:1-14. 

[61] Musavi H, Abazari O, Safaee MS, Variji A, Koohshekan B, 
KalakiJouybari F, Barartabar Z, Hakemi P, Mahjoub S. 
Mechanisms of COVID-19 entry into the cell: potential 
therapeutic approaches based on virus entry inhibition in 
COVID-19 patients with underlying diseases. Iranian Journal of 
Allergy, Asthma and Immunology. 2021 Feb 14. 

[62] Parit RA, Jayavel S. Association of ACE inhibitors and 
angiotensin type II blockers with ACE2 overexpression in 
COVID-19 comorbidities: a pathway-based analytical study. 
European journal of pharmacology. 2021 Apr 5;896:173899. 

[63] Yehualashet AS, Belachew TF. ACEIs and ARBs and their 
correlation with COVID-19: a review. Infection and drug 
resistance. 2020 Sep 16:3217-24. 

 

https://doi.org/10.1128/jvi.00127-20
https://doi.org/10.1128/jvi.00127-20
https://pubmed.ncbi.nlm.nih.gov/31996437/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7081895/
https://doi.org/10.3346/jkms.2020.35.e434
https://pubmed.ncbi.nlm.nih.gov/33372426/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7769703/

