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Acute renal failure, COVID-19 and deaths, worrying rates 
in intensive care units: a cross-sectional study
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INTRODUCTION
Acute kidney failure is a serious consequence of severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) infection. Its occurrence can vary from 0.5% to 7% of the general popula-
tion, being more frequent among those who are hospitalized and mainly in those who require 
intensive treatment.1,2 During the coronavirus disease 2019 (COVID-19) pandemic, a greater 
number of patients with acute kidney injury (AKI) were observed in Brazil and worldwide.3,4,5

Specifically in Brazil, a study from Rio de Janeiro reported a high incidence of AKI in individ-
uals with COVID-19 and an association with high mortality, highlighting the risk factors or pre-
dictors: acute respiratory distress syndrome, age, altered glomerular filtration rate, and systemic 
arterial hypertension.6 In addition to AKI, the mortality rate was high for patients with chronic 
kidney disease (CKD), understood as abnormalities in the structure and/or function of the kid-
neys present for more than three months with implications for health, in Brazil.7 The authors 
suggested that comorbid events, socioeconomic conditions, health system deficiencies, structural 
care inefficiencies, as well as social inequality allowed the advance of this pandemic infectious 
disease with a high frequency of lethal outcomes.7

People infected with SARS-CoV-2 have different outcomes, particularly when comparing 
those with and without known prior kidney disease. The reasons suggested for the different 
courses and outcomes are still inconclusive but suggest that there is an association with inflam-
matory “status” and response to infection, as the main motivator and promoter of the outcomes.6

Considering the severity and lethal impact of COVID-19, it is important to understand the epi-
demiological profile of patients affected by the disease and those with dysfunction or metabolic dis-
orders involving the kidneys. Such information will be useful to better understand the evolutionary 
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ABSTRACT
BACKGROUND: Acute kidney failure is a serious consequence of coronavirus disease 2019 (COVID-19).
OBJECTIVES: To identify the prevalence of COVID-19, kidney failure, frequency of death, and associated 
factors in patients receiving intensive care.
DESIGN AND SETTING: Analytical cross-sectional study conducted in the intensive care unit (ICU) of a 
medium-sized philanthropic general hospital in center-west Minas Gerais.
METHODS: Adults and older individuals who underwent real-time polymerase chain reaction testing for 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) were evaluated by the nephrology team. 
RESULTS: Among the 176 patients, the prevalence of COVID-19 and acute kidney injury (AKI) were 103 
(58.5%) and 132 (75%), respectively, and 44 (25%) had chronic kidney disease (CKD) and 16 (15,5%) were 
positive for SARS-CoV-2. In the Charlson index classification, which estimates the risk of death, a statistically 
significant difference was identified in the percentages of groups with and without COVID-19 for indices 
0, 1, and 2. There was a significant association between kidney disease and ICU mortality (P < 0.05). Pa-
tients with CKD had fewer fatal outcomes (13/97, 13.4%) than those with AKI (85/97, 87.6%).
CONCLUSIONS: COVID-19 rates remained high long after diagnosis and prevention of SARS-CoV-2 in-
fection. In addition, a higher death rate among patients who developed AKI, whose prevalence was also 
greater than that in the national literature, regardless of the presence of COVID-19, revealed a worrying 
scenario and corroborated the need for early and judicious approaches to preserve the lives of patients 
with AKI admitted to intensive care units.
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course of this group of patients and, consequently, enable a better 
propaedeutic and therapeutic approach as well as logistical, financial, 
and operational management of the public health system.

OBJECTIVE
This study aimed to identify the prevalence of COVID-19, kid-
ney failure, frequency of death, and associated factors in patients 
admitted to an intensive care unit (ICU).

METHODS

Outline
This cross-sectional study was conducted during the first half of 
2022 in the intensive care unit of a large hospital complex in the 
Midwest region of Minas Gerais, Brazil. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
guidelines were adopted to strengthen and guarantee the require-
ments of an observational study.8 The Nephrology Service was 
activated to evaluate patients with renal alteration or metabolic 
dysfunction, with hospitalization ranging from zero to four days 
for those without COVID-19 (Tested Negative for SARS-CoV-2) 
and one to 11 days for the COVID-19 group (Tested Positive for 
SARS-CoV-2). Medical records were used for evaluation.

Participants and sample power calculation
Adult and older patients of both sexes who were admitted to the 
ICU in the first half of 2022 with evidence of renal impairment, 
which is subsequently referred to as kidney failure, and who 
underwent the real-time polymerase chain reaction (RT-PCR) 
test for SARS-CoV-2, were considered eligible, and those with 
incomplete information in their medical records were excluded.

During the study period, 1,321 patients were hospitalized. Of 
these, 485 were admitted to the ICU and 836 were admitted to the 
infirmary, of whom 87 died. Among those admitted to the IUC 
(485), 355 underwent tests for SARS-Cov-2, and 186 also had kid-
ney failure. Therefore, this cohort was eligible for inclusion in this 
study. Of these, 10 were excluded because of incomplete data, hence 
the study cohort comprised 176 participants. Of these, 103 tested 
positive, and 73 tested negative for SARS-CoV-2. Among the same 
cohort of 176 patients who had kidney failure, 132 had AKI and 
44 had CKD. Among those with CKD, one was discharged from 
the ICU and 13 died. It is noteworthy that only for the analysis 
of mortality, the patient with CKD who was discharged from the 
ICU was not included in this analysis (Figure 1).

The estimation of sample size was estimated using G*Power 
software, version 3.1.9.2. (Written by Franz Paul, University of 
Kiel, Kiel, Germany). The prevalence of kidney disease in patients 
without COVID-19 (73) and with COVID-19 (103) was consid-
ered at a significance level of 5% and the sample power was 92.7%.

Study variables of interest
The following outcomes were considered: the results of the SAR-
Cov-2 test (positive or negative) using RT-PCR. In addition, the 
outcome (fatal or nonfatal) was considered to assess the impact of 
kidney failure on death rates, with the presence or absence of CKD 
and AKI as the main explanatory variables, in addition to the other 
explanatory variables for both outcomes, as described below.

The explanatory variables were grouped into sociodemo-
graphic: age (continuous) and sex; and clinical: present or absent 
comorbidities; presence of Stage 3 acute kidney disease classi-
fied as creatinine ≥ 4.0 mg/dL or ≥ 3 times baseline, or decline in 
urine output by < 0.3 mL/kg/h for ≥ 24 h, or anuric for ≥ 12 h, and 
presence of CKD;9 renal replacement therapy; and the Charlson 
Comorbidity Index, which uses 19 diseases that have a fixed 
weight assigned that vary between one and six points based on 
the severity of the condition.10

Statistical analysis
Frequency and dispersion measures were used to character-
ize the sociodemographic and clinical profiles of the cohort. 
Categorical variables are presented as absolute values and per-
centages and quantitative variables as medians and quartiles, 

 

Patients admitted to the hospital during 
the study period (n = 1,321) 

Hospitalization 

ICU: 485 Infirmary: 836 

Tested for SARS-CoV-2 (RT-PCR): 355 

Evaluated by the Nephrology Team (Eligible 
Population): 186  

Excluded from the 
study due to incomplete 

data: 10 

Study Population (kidney failure):176 

Died: 87 

Tested Negative for SARS-CoV-2: 73 

Tested Positive for SARS-CoV-2: 103 

Acute:132 Chronic: 44 

Died: 84 

Discharge 
from ICU: 1 Died: 13 

ICU, intensive care unit; SARS-CoV-2, severe acute respiratory 
syndrome coronavirus 2 2019; RT-PCR, real-time reverse transcription 
polymerase chain reaction.

Figure 1. Flowchart of patients evaluated in the study and 
evolution to death.
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considering the asymmetric distribution of data, as indicated by 
the Shapiro-Wilk test.

Associations between sociodemographic and clinical variables 
and outcomes were analyzed using the Chi-square test or Fisher’s 
Exact test. The association between quantitative variables and 
the outcomes was determined using the Mann–Whitney U test. 
For multiple analysis in the logistic regression models, all explan-
atory variables that were P < 0.20 in the bivariate association were 
included, and the backward technique was applied. For the final 
model, as well as for the statistical tests conducted, a significance 
level of P < 0.05 was adopted. All analyses were performed using 
Statistical Package for the Social Sciences, version 25 (SPSS, IBM, 
Armonk, New York, United States).

Ethical aspects
This study was approved by the Ethics Committee for Research 
involving Human Beings of the Universidade Federal de São 
João del-Rei (C.A.A.E. 11780919.8.0000.5545) with technical 
approval number: 3,359,799, on July 18, 2019. To guarantee the 
consent of the participants, an Informed Consent Form was pre-
sented to each patient, which was then signed.

RESULTS
Of the total participants, the majority were male (97  =  55.1%) 
and older with a median age of 60 years (Quartiles: 47-73). 
The frequencies of COVID-19, AKI, and CKD were, 103 (58.5%) 
132 (75%), and 44 (25%), respectively. There were 73 (41,4%) 
patients without COVID-19. The frequency of AKI was signifi-
cantly higher in patients with COVID-19 (Table 1).

In the Charlson Comorbidity Index, a statistically signif-
icant difference was identified between the COVID-19 group 
and the non-COVID-19 group in the proportions of individu-
als with indices 0, 1, and 2, which are considered lighter indi-
ces. There was a higher proportion of the zero index in the 
COVID-19 group and indices 1-2 had higher proportions in 
the non-COVID-19 group.

The bivariate analysis of the association between COVID-19 
outcomes and explanatory variables is shown in Table 1.

With regard to the multivariate analysis, the variables with 
P < 0.20 and thus included in the model, were comorbidities (heart 
disease, vasculopathy, pneumopathy, oncology disorders, and 
obesity), kidney failure, Charlson Comorbidity Index, death, and 
renal replacement therapy. However, in the final model, none 
showed a significant association with the COVID-19 and non-
COVID-19 outcomes.

When performing the bivariate analysis considering death 
as the outcome, a significant association was identified in the 
progression to death between patients with AKI and those 
with CKD (P = .01). Patients with CKD had a lower mortality 

rate (13/97, 13.4%) compared with those diagnosed with AKI 
(85/97, 87.6%) (Table 2). However, this association was not sig-
nificant in the multivariate logistic regression. When patients 
simultaneously had COVID-19 and AKI (n = 87), the mortal-
ity rate was 69.0% (data not shown).

Table 1. Association between the presence and absence of coronavirus 
disease 2019 with sociodemographic and clinical variables in patients 
evaluated by nephrology, admitted to the intensive care unit of a large 
hospital in a city in the Midwest of Minas Gerais in the first half of 2022 
(n = 176)

Variables
COVID-19 
negative 
(n = 73)

COVID-19 
positive
(n = 103)

Total P*

Sex
Female 34 (46.6%) 45 (43.7%) 79 (44.9%)

0.70
Male 39 (53.4%) 58 (56.3%) 97 (55.1%)

Age (median) 63 (55 – 73) 60 (47 – 71) 0.28
Cardiopathy

No 54 (74.0%) 89 (86.4%) 143 (81.3%)
0.03

Yes 19 (26.0%) 14 (13.6%) 33 (18.8%)
Vasculopathy

No 63 (86.3%) 99 (96.1%) 162 (92.0%)
0.02

Yes 10 (13.7%) 4 (3.9%) 14 (8.0%)
DM

No 52 (71.2%) 78 (75.7%) 130 (73.9%)
0.50

Yes 21 (28.8%) 25 (24.3%) 46 (26.1%)
SAH

No 50 (68.5%) 69 (67.0%) 119 (67.6%)
0.83

Yes 23 (31.5%) 34 (33.0%) 57 (32.4%)
Pneumopathy

No 71 (97.3%) 91 (88.3%) 162 (92.0%)
0.04

Yes 2 (2.7%) 12 (11.7%) 14 (8.0%)
Oncology disorders

No 69 (94.5%) 103 (100.0%) 172 (97.7%)
0.02

Yes 4 (5.5%) 0 (0%) 4 (2.3%)
Kidney disease

Acute 45 (61.6%) 87 (84.5%) 132 (75.0%)
<0.01

Chronic 28 (38.4%) 16 (15.5%) 44 (25.0%)
Charlson index

0** 30 (41.1%) 60 (58.3%) 90 (51.1%)

0.04
1 – 2** 20 (27.4%) 12 (11.7%) 32 (18.2%)
3 – 4 12 (16.4%) 16 (15.5%) 28 (15.9%)
≥ 5 11 (15.1%) 15 (14.6%) 26 (14.8%)

Obesity (n = 109)
No 46 (93.9%) 47 (78.3%) 93 (85.3%)

0.02
Yes 3 (6.1%) 13 (21.7%) 16 (14.7%)

ICU Death (n = 176)
No 43 (58.9%) 35 (34.3%) 78 (44.6%)

<0.01
Yes 30 (41.1%) 67 (65.7%) 97 (55.4%)

RRT (n = 119)
No 34 (65.4%) 30 (44.8%) 64 (53.8%)

0.02
Yes 18 (34.6%) 37 (55.2%) 55 (46.2%)

*Chi Square Test and Fisher’s Test; **Statistically different values between COVID- 
and COVID+; ICU = intensive care unit; DM = diabetes mellitus; SAH = systemic 
arterial hypertension; RRT = Renal Replacement Therapy.
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DISCUSSION
The increased frequency of COVID-19 with simultaneous AKI 
in the ICU has revealed a worrying scenario. During the second 
wave of COVID-19 in Brazil, in which many severe cases were 
recorded, acute renal involvement was to be expected among 

people hospitalized with the SARS-CoV-2 virus but the preva-
lence rate found in this study was higher than the rates of AKI 
described in the current literature, which had a mean of approxi-
mately 60%.5,12,13

In a hospital study performed in China, whose objective was to 
evaluate the impact of AKI on the clinical evolution of COVID-19, 
an incidence of 12.9% of AKI was identified, increasing the risk of 
death for those hospitalized for COVID-19.14 Corroborating these 
findings, a cohort developed in New York with 5,449 people identi-
fied that 1,993 (36.6%) developed AKI, 31.1% of these in Stage 3.15

In the Brazil, the percentage of patients with AKI has been 
variable, but still below that found in the present study. In a study 
performed in the state of Paraná/Brazil, it was found that 11.6% 
of patients developed AKI.16 In contrast, a study performed in the 
state of Rio de Janeiro reported that 55.9% of patients with COVID-
19 admitted to the ICU developed AKI, with the majority (66.7%) 
advancing to Stage 3.4

In view of the results of national surveys, it is necessary to reflect 
on the reason for such high rates of AKI in the patients involved 
in the current study, as well as the reason for the wide variety of 
AKI frequencies of acute kidney disease in ICUs. Such diverse per-
spectives can be explained by population demographics, comor-
bidities, and disease severity inherent to each patient profile and 
Brazilian regional location.

With regard to the pandemic period, many other factors could 
account for the high prevalence of AKI triggered by COVID-19, 
including the hyperinflammatory state due to the virus binding 
to angiotensin-converting enzyme 2 receptors, perfusion deficits, 
and the use of nephrotoxic drugs, which may favor tubulointer-
stitial nephritis and affect the kidney as a whole.6 It is important 
to note that there is a consensus in the literature that the develop-
ment of AKI in patients with COVID-19 decreases their survival 
and exponentially increases the risk of death.4,17,18

This consensus from the literature was corroborated by our find-
ings, which, demonstrated the impact on the mortality of patients 
with COVID-19 and simultaneous AKI and revealed a mortality 
rate of almost 70%, higher than that reported in the literature.

Hirsch et al.15 identified a 35% mortality rate among patients 
with COVID-19 and AKI and showed that mortality was higher 
among those classified as having Stage 3 acute renal impairment. 
In a study by Costa et al.4 a significant difference was found in the 
mortality rates between patients with COVID-19 with and with-
out renal involvement (33.3% and 9%, respectively). In another 
important study, Aroca et al.17 reported that patients with COVID-
19 who developed AKI had an 11.83 times greater risk of death 
than those without AKI.

It is also interesting to note that, although not common 
in national studies, international studies have emphasized the 
Charlson Comorbidity Index to weigh the risk of death and add 

Table 2. Association between the presence and absence of 
death in the intensive care unit with sociodemographic and 
clinical variables in patients evaluated by nephrology, admitted 
to the intensive care unit of a large hospital in a city in the 
Midwest of Minas Gerais in the first half of 2022 (n = 175)

Variables 
No

(n = 78)
Yes

(n = 97)
Total P*

Sex
Female 31 (39.7%) 48 (49.5%) 79 (45.1%)

0.19
Male 47 (60.3%) 49 (50.5%) 96 (54.9%)

Age (median) 61 (49 – 72) 62 (48 – 70) 0.20
Cardiopathy

No 63 (80.8%) 79 (81.4%) 142 (81.1%)
0.91

Yes 15 (19.2%) 18 (18.6%) 33 (18.9%)
Vasculopathy

No 71 (91%) 90 (92.8%) 161 (92.0%)
0.67

Yes 7 (9%) 7 (7.2%) 14 (8.0%)
DM

No 55 (70.5%) 74 (76.3%) 129 (73.7%)
0.38

Yes 23 (29.5%) 23 (23.7%) 46 (26.3%)
SAH

No 53 (67.9%) 65 (67.0%) 118 (67.4%)
0.89

Yes 25 (32.1%) 32 (33.0%) 57 (32.6%)
Pneumopathy

No 73 (93.6%) 88 (90.7%) 161 (92.0%)
0.48

Yes 5 (6.4%) 9 (9.3%) 14 (8.0%)
Oncology disorders

No 76 (97.4%) 95 (97.9%) 171 (97.7%)
0.99

Yes 2 (2.6%) 2 (2.1%) 4 (2.3%)
Kidney disease

Acute 48 (61.5%) 84 (87.6%) 132 (75.4%)
<0.01

Chronic 30 (38.5%) 13 (13.4%) 43 (24.6%)
Charlson index

0** 32 (41%) 58 (59.8%) 90 (51.4%)

0.01
1 – 2** 21 (26.9%) 10 (10.3%) 31 (17.7%)
3 – 4 11 (14.1%) 17 (17.5%) 28 (16.0%)
≥ 5 14 (17.9%) 12 (12.4%) 26 (14.9%)

Obesity (n = 109)
No 40 (93%) 53 (80.3%) 93 (85.3%)

0.09
Yes 3 (7%) 13 (19.7%) 16 (14.7%)

COVID (n = 175)
Negative 43 (55.1%) 30 (30.9%) 73 (41.7%)

<0,01
Positive 35 (44.9%) 67 (69.1%) 102 (58.3%)

RRT (n = 119)
No 24 (48%) 40 (58%) 64 (53.8%)

0.28
Yes 26 (52%) 29 (42%) 55 (46.2%)

*Chi Square Test and Fisher’s Test; **Statistically different values 
between death and non-death in the ICU only in the marked classes; 
DM = diabetes mellitus; SAH = systemic arterial hypertension; 
RRT = Renal Replacement Therapy.
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more solidity to the results related to mortality rates.11 In this per-
spective, although the multivariate analysis of this study did not 
find significant associations between the Charlson Comorbidity 
Index and the presence of COVID-19 or between the Charlson 
Comorbidity Index and death, the consensus view in the literature 
is that most patients diagnosed with COVID-19 and comorbidi-
ties, most commonly heart disease, systemic arterial hypertension, 
diabetes mellitus, and obesity, have a higher mortality rate.4,16,18,19,20

Finally, considering the entire scenario presented based on the 
literature and aligned with our results, we can state that the evolu-
tion of COVID-19 combined with renal dysfunction contributes 
to the aggravation of the patient’s condition, which may explain 
the failure of multiple organs and high death rate in this group. 

Study limitations
The results of this study cannot be generalized because they 
were conducted on individuals admitted to a single hospi-
tal. It should be noted that the lack of official health records of 
information essential for conducting the study limited the inclu-
sion of more participants. Brazil is still not effectively using offi-
cial health records as a secondary and complete source of data. 
Most national studies point to the lack of data as a limiting factor 
for achieving a larger “n” and for more complex analyses.

Even so, it should be noted that the institution where the study 
was carried out is a reference hospital for COVID-19 for the popu-
lation of 54 municipalities, which together represent approximately 
one million people, and therefore increases the representativeness 
of the results shown here.

CONCLUSION
This study revealed a high rate of COVID 19 simultaneously 
with a high rate of AKI, demonstrating that even after more 
than two and a half years of the pandemic there is still much to 
understand regarding the main measures to prevent complica-
tions, associated comorbidities, and effective approaches to this 
virus. The mortality rate among patients with AKI was also above 
expectations (87.6%), maintaining a rate of almost 70% in the 
presence of COVID-19. It is recommended that further studies 
with a longitudinal design and with a larger sample size be per-
formed to determine, with certainty, solid evidence that explains 
the causes of such high rates of complications and mortality asso-
ciated with AKI, as well as with COVID-19.

REFERENCES
1. Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 

2019 novel coronavirus in Wuhan, China. Lancet. 2020;395(10223):497-

506. PMID: 31986264; https://doi.org/10.1016/s0140-6736(20)30183-5.

2. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized 

patients with 2019 novel coronavirus–infected pneumonia in Wuhan, 

China. JAMA. 2020;323(11):1061-9. PMID: 32031570; https://doi.

org/10.1001/jama.2020.1585.

3. Teixeira Júnior AAL, Neves PDMM, Lages JS, et al. Brazilian consortium 

for the study on renal diseases associated with COVID-19: a 

multicentric effort to understand SARS-CoV-2-related nephropathy. 

Front Med. 2020;7:584235. PMID: 33195337; https://doi.org/10.3389/

fmed.2020.584235.

4. Costa RL, Sória TC, Salles EF, et al. Lesão renal aguda em pacientes 

com Covid-19 de uma UTI no Brasil: incidência, preditores e 

mortalidade hospitalar. Braz J Nephrol. 2021;43(3):349-58. https://doi.

org/10.1590/2175-8239-JBN-2020-0144.

5. Wang F, Ran L, Qian C, et al. Epidemiology and outcomes of acute kidney 

injury in COVID-19 patients with acute respiratory distress syndrome: 

a multicenter retrospective study. Blood Purif. 2021;50(4-5):499-505. 

PMID: 33291098. https://doi.org/10.1159/000512371.

6. Pecly IMD, Azevedo RB, Muxfeldt ES, et al. A review of Covid-19 and acute 

kidney injury: from pathophysiology to clinical results. J Braz Nephrol. 

2021;43(4):551-71. PMID: 34057983; https://doi.org/10.1590/2175-

8239-jbn-2020-0204.

7. Pio-Abreu A, Nascimento MM, Vieira MA, et al. High mortality of 

CKD patients on hemodialysis with Covid-19 in Brazil. J Nephrol. 

2020;33(5):875-7. PMID: 32770522; https://doi.org/10.1007/s40620-

020-00823-z.

8. Malta M, Cardoso LO, Bastos FI, Magnanini MMF, Silva CMFP. STROBE 

initiative: guidelines on reporting observational studies. Rev Saude 

Publica. 2010;44(3):559-65. PMID: 20549022; https://doi.org/10.1590/

s0034-89102010000300021.

9. Kidney Disease: Improving Global Outcomes. CKD Work Group. KDIGO 

2012 Clinical practice guideline for the evaluation and management 

of chronic kidney disease. Kidney Int Suppl. 2013;3(1):1-150. https://

doi.org/10.1038/kisup.2012.77.

10. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of 

classifying prognostic comorbidity in longitudinal studies: Development 

and validation. J Chronic Dis. 1987;40(5):373-83. PMID: 3558716; https://

doi.org/10.1016/0021-9681(87)90171-8.

11. Martins M, Blais R. Evaluation of comorbidity indices for inpatient 

mortality prediction models. J Clin Epidemiol. 2006;59(7):665-9. PMID: 

16765268; https://doi.org/10.1016/j.jclinepi.2005.11.017.

12. Lombardi R, Ferreiro A, Ponce D, et al. Latin American registry of renal 

involvement in COVID-19 disease. The relevance of assessing proteinuria 

throughout the clinical course. PLoS One. 2022;17(1):e0261764. PMID: 

35085273; https://doi.org/10.1371/journal.pone.0261764.

13. Siqueira Junior DD, Morais TC, Portugal I, et al. Trends in COVID-19 

mortality and case-fatality rate in the State of Paraná, South Brazil: 

spatiotemporal analysis over one year of the Pandemic. J Hum Growth 

Dev. 2021;31(3):549-61. https://doi.org/10.36311/jhgd.v31.12792.

14. Bao PL, Deng KL, Yuan AL, et al. Early renal impairment is associated with 

in-hospital death of patients with COVID-19. Clin Respir J. 2022;16(6):441-

9. PMID: 35591765; https://doi.org/10.1111/crj.13496.

https://doi.org/10.1016/s0140-6736(20)30183-5
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.3389/fmed.2020.584235
https://doi.org/10.3389/fmed.2020.584235
https://doi.org/10.1590/2175-8239-JBN-2020-0144
https://doi.org/10.1590/2175-8239-JBN-2020-0144
https://doi.org/10.1159/000512371
https://doi.org/10.1590/2175-8239-jbn-2020-0204
https://doi.org/10.1590/2175-8239-jbn-2020-0204
https://doi.org/10.1007/s40620-020-00823-z
https://doi.org/10.1007/s40620-020-00823-z
https://doi.org/10.1590/s0034-89102010000300021
https://doi.org/10.1590/s0034-89102010000300021
https://doi.org/10.1038/kisup.2012.77
https://doi.org/10.1038/kisup.2012.77
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/j.jclinepi.2005.11.017
https://doi.org/10.1371/journal.pone.0261764
https://doi.org/10.36311/jhgd.v31.12792
https://doi.org/10.1111/crj.13496


ORIGINAL ARTICLE | Watanabe YJA, Carvalho LMR, Guedes JVM, Baldoni AO, Belo VS, Otoni A

6     Sao Paulo Med J. 2024;142(6):e2023150

15. Hirsch JS, Ng JH, Ross DW, et al. Acute kidney injury in patients 

hospitalized with COVID-19. Kidney Int. 2020;98(1):209-18. PMID: 

32416116; https://doi.org/10.1016/j.kint.2020.05.006.

16. Pontes L, Danski MTR, Piubello SMN, Pereira JDFG, Jantsch LB, Costa LB, 

et al. Perfil clínico e fatores associados ao óbito de pacientes COVID-19 

nos primeiros meses da pandemia. Esc Anna Nery. 2021;26:e20210203. 

https://doi.org/10.1590/2177-9465-EAN-2021-0203.

17. Aroca-Martínez G, Musso CG, Avendaño-Echavez L, et al. Diferenças entre 

pacientes com lesão renal aguda induzida por COVID-19 e pacientes 

com doença renal crônica. Braz J Nephrol. 2022;44(2):155-63. https://

doi.org/10.1590/2175-8239-JBN-2021-0161.

18. Santos LG, Baggio JAO, Leal TC, et al. Prevalence of Systemic Arterial 

Hypertension and Diabetes Mellitus in Individuals with COVID-19: 

A Retrospective Study of Deaths in Pernambuco, Brazil. Arq Bras 

Cardiol. 2021;117(2):416-22. PMID: 34495244; https://doi.org/10.36660/

abc.20200885.

19. Sottocornola SF, Silva RR, Barbosa SJ, et al. Renal replacement therapy in 

patients affected by Covid-19 in an Intensive Care Unit in the countryside 

of Rondônia. Res Soc Dev. 2021;10(17):e188101723921. https://doi.

org/10.33448/rsd-v10i17.23921.

20. Wu YC, Chen CS, Chan YJ. The outbreak of COVID-19: An overview. 

J Chin Med Assoc. 2020;83(3):217-20. PMID: 32134861; https://doi.

org/10.1097/jcma.0000000000000270.

Authors’ contributions: Watanabe YJA: conceptualization (equal), data 

curation (equal), formal analysis (equal), funding acquisition (equal), 

investigation (equal), methodology (equal), project administration 

(equal), resources (equal), software (equal), supervision (equal), 

validation (equal), visualization (equal), writing – original draft (equal), 

writing – review and editing (equal); Carvalho LMR: conceptualization 

(equal), data curation (equal), formal analysis (equal), funding 

acquisition (equal), investigation (equal), methodology (equal), project 

administration (equal), resources (equal), software (equal), supervision 

(equal), validation (equal), visualization (equal), writing – original 

draft (equal), writing – review and editing (equal); Guedes JVM: 

conceptualization (equal), data curation (equal), formal analysis (equal), 

funding acquisition (equal), investigation (equal), methodology (equal), 

project administration (equal), resources (equal), software (equal), 

supervision (equal), validation (equal), visualization (equal), writing 

– original draft (equal), writing – review and editing (equal); Baldoni 

AO: conceptualization (equal), data curation (equal), formal analysis 

(equal), funding acquisition (equal), investigation (equal), methodology 

(equal), project administration (equal), resources (equal), software 

(equal), supervision (equal), validation (equal), visualization (equal), 

writing – original draft (equal), writing – review and editing (equal); 

Belo VS: conceptualization (equal), data curation (equal), formal analysis 

(equal), funding acquisition (equal), investigation (equal), methodology 

(equal), project administration (equal), resources (equal), software 

(equal), supervision (equal), validation (equal), visualization (equal), 

writing – original draft (equal), writing – review and editing (equal); 

Otoni A: conceptualization (equal), data curation (equal), formal analysis 

(equal), funding acquisition (equal), investigation (equal), methodology 

(equal), project administration (equal), resources (equal), software 

(equal), supervision (equal), validation (equal), visualization (equal), 

writing – original draft (equal), writing – review and editing (equal). All 

authors have reviewed and approved the final version of the manuscript 

submitted for publication.

Acknowledgements: We thank the Universidade Federal de São 

João Del Rei, the Conselho Nacional de Desenvolvimento Científico 

e Tecnológico (CNPq), and the Coordenação de Aperfeiçoamento de 

Pessoal de Nível Superior (CAPES), which made this research possible.

Sources of funding: None

Conflicts of interest: None

Date of first submission: May 16, 2023

Last received: March 15, 2024

Accepted: May 13, 2024

Address for correspondence:

Alba Otoni

Universidade Federal de São João del-Rei (UFSJ)

R. Sebastião Gonçalves Coelho, 400

Chanadour, Divinópolis – MG

CEP: 35501-296

Tel.: +55 37 99128-0746

E-mail: albaotoni@ufsj.edu.br

Editor responsible for the evaluation process:

Paulo Manuel Pêgo-Fernandes, MD, PhD

© 2024 by Associação Paulista de Medicina  
This is an open access article distributed under the terms of the Creative Commons license.

https://doi.org/10.1016/j.kint.2020.05.006
https://doi.org/10.1590/2177-9465-EAN-2021-0203
https://doi.org/10.1590/2175-8239-JBN-2021-0161
https://doi.org/10.1590/2175-8239-JBN-2021-0161
https://doi.org/10.36660/abc.20200885
https://doi.org/10.36660/abc.20200885
https://doi.org/10.33448/rsd-v10i17.23921
https://doi.org/10.33448/rsd-v10i17.23921
https://doi.org/10.1097/jcma.0000000000000270
https://doi.org/10.1097/jcma.0000000000000270
mailto:albaotoni@ufsj.edu.br

