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A B S T R A C T   

Background: Analysis of autopsy tissues obtained from patients who died from COVID-19 showed kidney tropism 
for SARS-COV-2, with COVID-19-related renal dysfunction representing an overlooked problem even in patients 
lacking previous history of chronic kidney disease. This study aimed to corroborate in a substantial sample of 
consecutive acutely ill COVID-19 hospitalized patients the efficacy of estimated GFR (eGFR), assessed at hospital 
admission, to identify acute renal function derangement and the predictive role of its association with in-hospital 
death and need for mechanical ventilation and admission to intensive care unit (ICU). 
Methods: We retrospectively analyzed charts of 764 patients firstly admitted to regular medical wards (Division of 
Internal Medicine) for symptomatic COVID-19 between March 6th and May 30th, 2020 and between October 1st, 
2020 and March 15th, 2021. eGFR values were calculated with the 2021 CKD-EPI formula and assessed at 
hospital admission and discharge. Baseline creatinine and GFR values were assessed by chart review of patients’ 
medical records from hospital admittance data in the previous year. The primary outcome was in-hospital 
mortality, while ARDS development and need for non-invasive ventilation (NIV) and invasive mechanical 
ventilation (IMV) were the secondary outcomes. 
Results: SARS-COV-2 infection was diagnosed in 764 patients admitted with COVID-19 symptoms. A total of 682 
patients (age range 23–100 years) were considered for statistical analysis, 310 needed mechanical ventilation 
and 137 died. An eGFR value <60 mL/min/1.73 m2 was found in 208 patients, 181 met KDIGO AKI criteria; 
eGFR values at hospital admission were significantly lower with respect to both hospital discharge and baseline 
values (p < 0.001). In multivariate analysis, an eGFR value <60 mL/min/1.73 m2 was significantly associated 
with in-hospital mortality (OR 2.6, 1.7–4.8, p = 0.003); no association was found with both ARDS and need for 
mechanical ventilation. eGFR was non-inferior to both IL-6 serum levels and CALL Score in predicting in-hospital 
death (AUC 0.71, 0.68–0.74, p = 0.55). 
Conclusions: eGFR calculated at hospital admission correlated well with COVID-19-related kidney injury and 
eGFR values < 60 mL/min/1,73 m2 were independently associated with in-hospital mortality, but not with both 
ARDS or need for mechanical ventilation.   
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1. Introduction 

Renal dysfunction associated with coronavirus disease 2019 (COVID- 
19) and ranging from mild proteinuria and hematuria [1] to overt acute 
kidney injury (AKI) [2] was significantly prevalent from the beginning 
of the severe acute respiratory syndrome coronavirus 2 (SARS-COV-2) 
pandemic. 

Multiple kidney-cell types, from proximal tubular epithelial cells to 
podocytes, express angiotensin-converting enzyme 2 (ACE2) receptors 
and SARS-COV-2 can pervasively infect renal parenchyma. This 
enrichment expedites viral replication and SARS-CoV-2–associated 
kidney injury, leading to cytonecrosis [3] and determining the 
anatomo-clinical pictures of tubular necrosis and glomerulonephritis 
[4]. Other mechanisms of kidney damage in COVID-19 included 
hyper-inflammation-related tubular necrosis [4], prerenal azotemia due 
to volume depletion [5] and disseminated intravascular coagulation 
(DIC) [6]. 

High prevalence of AKI in critically ill patients, near to 30 %, was 
previously documented [2]. 

A similar prevalence (36.6 %) was described in a successive study, 
showing that the peak stages were stage 1 in 46.5 %, stage 2 in 22.4 %, 
and stage 3 in 31.1 % of COVID-19 patients; of these, 14.3 % required 
renal replacement therapy (RRT) [7]. However, frequency is highly 
variable among the studies, ranging from 1 % [8] to 46 % [9], with age 
and elevated interleukin-6 (IL-6) serum levels reported as risk factors for 
COVID-19 related renal dysfunction [10]. AKI was also associated with 
an increased risk of death, severe disease, and the need for mechanical 
ventilation [11]. 

This study aimed to corroborate the predictive role of estimated 
glomerular filtration rate (eGFR), assessed at hospital admission (early 
eGFR) and its association, as renal function alteration marker, with in- 
hospital death and need for mechanical ventilation in acutely ill hospi-
talized COVID-19 patients not requiring intensive care at admission. We 
also explored the association between renal dysfunction and personal, 
clinical, and laboratory data. 

2. Materials and methods 

2.1. Patients and data collection 

The eGFR-COV19 study was a retrospective observational cohort 
study. We evaluate charts of patients firstly admitted to normal therapy 
COVID-19 dedicated wards (Division of Internal Medicine I and II of the 
San Giuseppe Hospital, Empoli, Italy) between March 6th and May 30th, 
2020 and between October 1st, 2020 and March 15th, 2021. All 
admitted patients had epidemiological, clinical, laboratory, and radio-
logic findings suspected for COVID-19. Diagnosis of SARS-COV-2 
infection was confirmed by real-time polymerase chain reaction (RT- 
PCR) assay or second generation antigenic test performed on specimens 
collected by nasopharyngeal swab. 

We included COVID-19 patients aged 18 years or older, admitted to 
the emergency department (ED) for symptomatic SARS-COV-2 infection 
(fever, cough, dyspnea, nausea and vomiting, diarrhea, thoracic pain, 
asthenia, myalgias, pharyngodynia, loss of smell and taste). 

We excluded patients firstly admitted to the Intensive Care Unit 
(ICU), those admitted for other medical or surgical conditions with 
concomitant asymptomatic SARS-COV-2 infection, and patients treated 
with chronic RRT. 

For all enrolled patients, we reported personal data, including age, 
gender, comorbidities, day of symptoms onset, home treatments, and 
length of stay (LOS). Comorbidities definitions and medicines taken at 
home specifications were reported in the Supplementary materials. 

Clinical data, evaluated at admission, included mean arterial pres-
sure, Glasgow Coma Scale (GCS), body temperature, cardiac frequency, 
peripheral oxygen saturation (SpO2), and the ratio of oxygen saturation 
to fraction of inspired oxygen [SpO2/FiO2 (SF)] and the ratio of partial 

pressure of oxygen to fraction of inspired oxygen [PaO2/FiO2 (P/F)]. 
Laboratory data, evaluated at hospital admission included: complete 
blood count (CBC); prothrombin time (PT) expressed as the interna-
tional normalized ratio (INR); activated partial thromboplastin time 
(aPTT); D-dimer value; fibrinogen; transaminases; total bilirubin; lactate 
dehydrogenase (LDH); C-reactive protein (CRP); procalcitonin (PCT); 
interleukin-6 (Il-6); brain natriuretic peptide (BNP); natriemia; kalie-
mia; serum glucose; arterial partial pressure of oxygen (PaO2) and car-
bon dioxide (PaCO2); PaO2/Fio2 ratio (P/F). 

Creatinine was assessed at hospital admission and discharge. Base-
line creatinine values were estimated computing the means of values 
found in chart review of patients’ medical records from data of hospital 
admissions in the previous year. At admission (early eGFR), at discharge 
and baseline eGFRs values were calculated with the creatinine-based 
2021 Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 
equation. AKI and its stages were defined by the Kidney Disease: 
Improving Global Outcome (KDIGO) criteria [12] as any of the 
following: increase in serum creatinine by ≥ 0.3 mg/dl (≥ 26.5 µmol/l) 
within 48 h; or increase in serum creatinine to ≥1.5 times baseline, 
which is known or presumed to have occurred within the prior 7 days; or 
urine volume <0.5 mL/kg/h for 6 h. Stage I was defined as a creatinine 
increase between 1.5 and 1.9 times baseline value, Stage II as an increase 
between 2.0 and 2.9 times, stage III as an increase over 3.0 times or over 
an absolute value of 4.0 mg/dl or the need of RRT. 

We calculated the difference between baseline GFR values and GFR 
values assessed at hospital admission (GFR decline, deltaGFR) to eval-
uate the decline of GFR due to COVID-19; we calculated the difference 
between GFR assessed at hospital admission and discharge to evaluate 
worsening or improvement of kidney function; we also calculated the 
difference between baseline GFR values and GFR values assessed at 
hospital discharge to estimate the eventual persistence of abnormal 
renal function at hospital discharge. 

Radiology findings acquired by computer tomography (CT) or con-
ventional radiology scans included the presence of interstitial 
pneumonia. 

Acute respiratory distress syndrome (ARDS) was defined by Berlin 
Criteria [13] and evaluated at admission; criteria were: beginning of the 
symptoms in the last seven days or worsening in the last seven days; 
presence of bilateral opacities confirmed by conventional radiology or 
CT; respiratory distress not supportively explained by cardiac failure or 
fluid overload; a PaO2/FiO2 (P/F) ratio below 300. The severity of the 
disease was also evaluated with the CALL Score [14]. 

Noninvasive ventilation (NIV), including both helmet-continuous 
positive airway pressure (hCPAP) and BiLevel positive airway pressure 
(BLPAP), was delivered when oxygen supply with Venturi masks (VM) at 
50 % of FiO2 failed to maintain target SpO2 (94–98 %) and respiratory 
rate (<24 acts per minute), alternated to high flow nasal cannula 
(HFNC) at the same FiO2 or non-rebreathing reservoir masks. ICU 
admission decisions involved collaboration between internists and 
intensivists, but the decision to intubate the patient pertained to the 
intensivists. 

The primary outcome was in-hospital mortality. Secondary outcomes 
were the development of ARDS and the need for non-invasive ventila-
tion (NIV) and invasive mechanical ventilation (IMV). 

We also analyzed differences in personal and laboratory data be-
tween patients with eGFR values <60 mL/min/1.73 m2 and those with 
eGFR values ≥60 mL/min/1.73 m2. 

We retrospectively collected patients’ data by review of paper and 
digital medical records (ARGOS version 4.2422820 and GALILEO 
version 1.5.3.14.2787 by Dedalus Italy S.p.A., via di Collodi 6/C, 50141 
Florence, Italy). A structured web-based data collection form was 
developed for the retrospective chart review and for collecting clinical 
and personal data. 

Data were collected by the medical staff of the Division of Internal 
Medicine I and II of the San Giuseppe Hospital, Empoli, Italy. Retro-
spective chart review studies relying on previously collected data may 
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be wronged by biases due to the study operations, data collection, data 
entry, and data quality declaration, causing loss of information or 
approximation. To minimize this possibility, the first author compre-
hensively and carefully revised data collection, verifying also the sour-
ces in case of missing data, to curtail errors and biases. Data were 
analyzed after anonymization. 

The sample size was calculated considering an expected incidence of 
renal dysfunction of 30 %, with a ratio between non-exposed and 
exposed of 2:1. Considering alfa = 0.05 and power = 80 %, with a dif-
ference in the incidence of the primary outcome of at least 10 %, we 
estimated need of a sample of 594 patients, using a sample size calcu-
lator [15]. 

The study was carried out and is reported according to the 
STrengthening the Reporting of OBservational studies in Epidemiology 
(STROBE) guidelines for observational studies [16]. 

The study was approved by the local Ethical Committee (BIGCOVID, 
num. 2161 date 6.9.2021). 

Patients gave their written informed consent to participate. For pa-
tients unable to give their consent or deceased patients, only the 
collection of data from clinical records was allowed. The study was 
carried out in accordance with The Code of Ethics of the World Medical 
Association (Declaration of Helsinki) for experiments involving humans. 

2.2. Statistical analysis 

We reported continuous variables as means and their 95th percentile 
confidence intervals (CIs) if normally distributed, as medians and 
interquartile ranges (IQRs) if non-normally distributed. Normal distri-
bution was tested with the D’Agostino-Pearson normality test. Cate-
gorical variables were reported as absolute counts and percentages. 

Differences of continuous variables between groups were tested with 
the T-test in normally distributed variables, with the Mann-Whitney-test 
in non-normally distributed variables. Differences over time were tested 
with paired sample T-test or Wilcoxon test. 

Categorical variables were tested with the Chi-square (χ2) proba-
bility distribution test and the Chi-square (χ2) test for trend (Cochran- 
Armitage test for trend). 

We calculated Odds Ratios (ORs) and their 95th percentile CIs in 
both univariate and multivariate logistic regression models, with pre- 
specified thresholds for eGFR of 60 and 30 mL/min/1.73 m2. In multi-
variate analysis we used the enter method, the simultaneous standard 
method of entry, as variable selection approach for the multivariable 

regression model and included only the variables that resulted signifi-
cant in univariate analysis. For the continuous variables that resulted 
statistically significant in univariate analysis, we calculated ORs at 
values associated with the best of their sensitivity and specificity ac-
cording to the Youden’s index for the primary outcome. 

This study was conducted retrospectively and based on datasets with 
plausible missing laboratory results. Listwise deletion of missing values 
was performed. In univariate analysis we reported data for all the var-
iables included in the study and we excluded those with a loss of data 
over 10 %. Similarly, we excluded in the multivariate analysis those with 
a loss of data over 10 %. To cope with this possibility, we included in the 
retrospective chart review a number of patients far beyond the pre- 
specified sample size to safeguard the strength of the statistical anal-
ysis for a loss of data of about 10 %. 

The association between low eGFR values and personal and clinical 
data was tested in a multivariate analysis considering patients without 
CKD. 

We tested the ability of eGFR values computed at admission to pre-
dict in-hospital mortality by calculating the area under the curve (AUC) 
of the receiver operating characteristic (ROC) curves and tested the non- 
inferiority with both Call Score and IL-6 serum levels. We estimated both 
sensibility and specificity. 

For all the analyses a p-value below 0.05 was considered statistically 
significant. 

All the statistical analyses were performed using MedCalc statistical 
software (MedCalc Software, Acacialaan 22, Ostend, 8400, Belgium). 

3. Results 

Of 764 acutely ill hospitalized COVID-19 patients admitted to hos-
pital, 63 were excluded for hospitalization due to other medical or 
surgical illnesses and 19 for chronic RRT; 682 patients (age range 
23–100 years) were included in the analysis (Fig. 1), and 400 were males 
(58.7 %). The median time since symptom onset was 5 (2− 7) days. 
ARDS occurred in 449 (65.8 %) patients, 310 (45.5 %) required NIV and 
44 (6.5 %) IMV; 75 (11 %) were transferred to the ICU. The primary 
outcome occurred in 137 (20.1 %) patients, median LOS was 11 (IQR 
7–17) days. 

Median serum creatinine values at hospital admission were 0.91 mg/ 
dL (IQR 0.74–1.18), median eGFR values 77 mL/min/1.73 m2 (IQR 
54–91); eGFR values <60 mL/min/1.73 m2 were found in 208 (30.5 %) 
patients, and a serum creatinine value over 1.2 mg/dl was found in 200 

Fig. 1. Flow chart of the patient selection process. Data extraction performed between March 6th and May 30th, 2020 and between October 1st, 2020 and March 
15th, 2021. 
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(29 %) patients. For the majority of patients (658, 96.4 %), we were able 
to retrieve previous serum creatinine values, so baseline creatinine and 
GFR values were estimated (for 221 patients, 33.5 %, only one 

creatinine value was retrieved and used as baseline value), 181 patients 
(26.5 %) developed AKI and 14 patients (2.1 %) required RRT. 

Other personal, clinical, and laboratory data were reported in  
Table 1. 

Serum creatinine values at hospital admission were significantly 
higher and eGFR values at admission were significantly lower than at 
hospital discharge (p < 0.001) and baseline (p < 0.001). The median 
deltaGFR was 7 (0− 19), and 288 (42 %) patients had deltaGFR over 
10 mL/min/1.73 m. Among the patients who survived, 40 (7.7 %) had 
altered creatinine serum levels and 47 (9 %) had low GFR at hospital 
discharge (creatinine serum level at hospital discharge was missing in 25 
patients). 

Creatinine serum levels at hospital admission were higher (1.14 mg/ 
dl CI 0.84–1.5 vs 0.89 mg/dl, CI 0.72–1.1, p < 0.001), and eGFR values 
were lower (53 mL/min/1.73 m2, CI 39–79 vs 81 mL/min/1.73 m2, CI 
62–84 p < 0.001) in the patients who died respect to the patients who 
survived. Likewise, deltaGFR values were higher in the patients who 
died (14 mL/min/1.73 m2, CI 3–26 vs 5 mL/min/1.73 m2 CI 0–18 
p < 0.001) and AKI was more frequent in this group (71/137, 51.8 % vs 
110/545, 13 % p < 0.001). Other differences between the patients who 
died respect to the patients who survived are reported in Table 2. 

In the univariate analysis, an eGFR value between 60 and 30 mL/ 
min/m2 had an OR for primary outcome of 3.9 (CI 2.6–5.9, p < 0.001) 
and a value below 30 had an OR of 7.10 (CI 3.6–14, p < 0.001). Similar 
ORs were found for both a deltaGFR >10 mL/min/m2 (OR 2.2, CI 
1.5–3.3 p < 0.001) and AKI (OR 4.3, CI 2.9–6.4, p < 0.001). 

In the multivariate logistic regression models, an eGFR value 
<60 mL/min/m2 was independently associated with risk of mortality 
(OR 2.6, CI 1.7–4.8, p = 0.003), as well as age > 73 years (OR 4.3, CI 
2–9, p < 0.001), lymphocyte count below 460 u/L (OR 3, CI 1.4–6.4, 
p = 0.004) and platelet count below 177000 (OR 2.2, CI 1.2–4.2, 
p = 0.017). As shown in Table 2 and Fig. 2, comorbidities, IL-6 serum 
level over 75 pg/mL and PaO2/FiO2 below 250 were associated with an 
increased risk of death (nearly significant). AKI also correlated with a 
significant increase in the risk of death (OR 3.1, CI 1.6–6 p < 0.001), 
while deltaGFR over 10 mL/min/m2 was not associated with a signifi-
cant increase in the risk of death (OR 1.6, CI 0.9–2.9, p = 0.135); as 
detailed in Table 6 in Supplementary material, IL-6 serum levels over 
75 pg/mL, PaO2/FiO2 below 250 and comorbidities in the last two 
models were associated with a significant increase of the risk of death, as 
well as older age, and low platelet and lymphocyte count. 

eGFR values were just about but not significantly different between 
ARDS and non-ARDS patients (p = 0.06); the deltaGFR values were 
significantly higher in ARDS patients (OR 7.3, CI 0.1–20 vs 4.5, 1–15, 
p = 0.037) but without a significant increment of the risk of death (OR 
1.3, CI 0.94–1.8, p = 0.10). No association between ARDS and AKI was 
found (p = 0.55) (Table 3). 

Similar findings were found for ventilated patients, as eGFR values 
were not different (p = 0.37), but deltaGFR values were higher in 
ventilated patients (7.4 mL/min/m2, CI 0.14–22 vs 5.4, 0–16, 
p = 0.031) with a modest increment of the risk of death (OR 1.4, CI 
1.02–1.9 p = 0.04); differences are detailed in Table 7 in Supplementary 
materials. 

The statistical significance of the correlation between deltaGFR and 
need for mechanical ventilation was not confirmed in multivariate 
analysis (Table 2); factors independently associated with increased risk 
of mechanical ventilation were: LDH values over 580 u/L (OR 2.2, CI 
1.4–3.5, p = 0.001) and a PaO2/FiO2 below 250 (OR 2.9, 1.8–4.6, 
p < 0.001), while IL-6 serum levels over 75 pg/mL correlated with an 
increased risk of mechanical ventilation (nearly significant); age <73 
years was associated with a reduction of risk of mechanical ventilation 
(OR 0.5, CI 0.3–0.79, p = 0.002). AKI was not associated with an 
increased risk of mechanical ventilation (p = 0.27). 

The values of eGFR showed good reliability in predicting in-hospital 
mortality (AUC 0.71, CI 0.68–0.74, p < 0.001), with a sensibility of 60 
% and specificity of 77 % for a reference value < 60 mL/min/1.73 m2. It 

Table 1 
Baseline characteristics of the study population.  

Vital Parameters at admission  
Glasgow Coma Scale 15 (15-15) 

Body temperature (◦C) 37 (36-38) 
Mean arterial pressure (mmHg) 93 (83-101) 

Heart rate (bpm) 86 (77-98) 
SpO2/FiO2 433 (333-446) 

Comorbidities 540 (78.9%) 
Hypertension 329 (61.2%) 

Cardiovascular disease 210 (39%) 
Diabetes 137 (25.5%) 

Respiratory diseases 112 (20.8%) 
Chronic Kidney Disease 93 (17.3%) 

Solid or Hematologic Neoplasm 65 (12.1%) 
Severe Obesity (Body Mass Index > 35 kg/m2) 84 (15.6%) 

Neuropsychiatric disorders 134 (24.9%) 

Chronic pharmacologic treatment 502 (73.6%) 
ACE Inhibitors or angiotensin receptor blockers 272 (54.2%) 

Anticoagulants 68 (13.5%) 
Antiplatelets 155 (30.9%) 

Beta-Blockers 147 (29.3%) 
Calcium Channel Blockers 84 (16.7%) 

Diuretics 107 (21.3%) 
Statins 124 (24.7%) 

Neuroactive agents 125 (24.9%) 
Antidiabetics 101 (20.1%) 

Proton Pump Inhibitors 115 (22.9%) 

Laboratory findings  
Hemoglobin (g/dl) 13.7 (12.4-14.9) 
Platelets (units/L) 207000 (163000-260000) 

Leucocyte count (units/L) 8500 (6000-15000) 
Neutrophils (units/L) 5500 (3780-8100) 

Lymphocytes (units/L) 880 (600-1200) 
INR 1.2 (1.1-1.3) 

aPTT (sec) 30 (28-33) 
D-dimer (µg/mL) 870 (530-1530) 

Fibrinogen (mg/dL) 720 (600-850) 
Aspartate aminotransferase (U/L) 36 (26-51) 

Alanine aminotransferase (U/L) 27 (17-44) 
Total bilirubin (mg/dL) 0.6 (0.5-0.8) 

CRP (mg/dL) 6.6 (3-12) 
PCT (ng/ml) 0.1 (0.06-0.23) 
IL-6 (pg/mL) 43 (22-88) 

LDH (U/L) 540 (430-700) 
BNP (pg/mL) 73 (34-160) 

Natriemia (mEq/L) 135 (134-139) 
Kaliemia (mEq) 3.9 (3.6-4.2) 

Serum Glucose (mg/dl) 127 (107-161) 

Renal function tests  
Admission creatinine (mg/dl) 0.91 (0.74-1.18) 

Admission creatinine > 1.15 mg/dl 200 (29.3%) 
Admission GFR (mL/min/1.73 m2) 77 (54-91) 

Admission GFR between 30- 60 mL/min/1.73 m2 170 (24.9%) 
Admission GFR below 30 mL/min /1.73 m2 38 (5.6%) 

Discharge creatinine (mg/dl) 0.79 (0.65-0.9) 
Discharge GFR 88 (70-101) 

Baseline creatinine 0.8 (0.7-0.85) 
Baseline GFR 86 (71-97) 

deltaGFR 7 (0-19) 
AKI prevalence 181 (26.5%) 

AKI stage I 125 (69%) 
AKI stage II 27 (14.9%) 

AKI stage III 29 (16%) 

Confirmed bilateral interstitial pneumonia 584 (85.6%) 

Arterial blood gasses analysis  
pO2 63 (55-72) 

pCO2 35 (32-39) 
PaO2/FiO2 242 (95-300) 

CALL Score 11 (10-12)  
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resulted superior to both deltaGFR (AUC 0.62, CI 0.58–0.65, p < 0.001) 
and creatinine serum levels (AUC 0.66, 0.63–07, p < 0.001). Creatinine 
serum levels showed lower sensibility (51 %) and similar specificity (78 
%), as deltaGFR showed both lower sensibility (57 %) and specificity (62 
%). 

As shown in Fig. 3, eGFR resulted non-inferior to both CALL Score 

(AUC 0.70, CI 0.66–0.74, p = 0.54) and IL-6 serum levels (AUC 0.71, CI 
0.67–0.75, p = 0.66), assessed at admission, in predicting in-hospital 
death. CALL Score over 10 showed better sensibility (82 %) and lower 
specificity (49 %); IL-6 serum levels had both sensibility (57 %) and 
specificity (76 %) values similar to eGFR. 

Differences between patients with and without decrease of eGFR 

Table 2 
Differences between acutely ill hospitalized COVID-19 patients who died or survived.   

Patients who died Patients who survived Younden’s index p value 

Age 82 (74–87) 68 (56–78) >73 p < 0.001 
Male sex 85/137 (62 %) 315/545 (58 %)  p = 0.42 
Comorbidities 133/137 (97 %) 4/545 (0.7 %)  p < 0.001 
Polypharmacy (> 3 medicines) 97/137 (70.8 %) 228 (41.8 %)  p < 0.001 
Admission creatinine (mg/dl) 1.14 (0.84–1.5) 0.89 (0.73–1.10) >1.13 p < 0.001 
Admission GFR (mL/min/1.73 m2) 53 (39–79) 81 (62–84) <60 p < 0.001 
deltaGFR (mL/min/1.73 m2) 14.6 (3–26) 5 (0–18) >10 p < 0.001 
AKI 71/137 (51.1 %) 110/545 (13 %)  p < 0.001 
Body temperature (◦C) 37.4 (36–38) 37 (36–38)  p = 0.17 
Mean arterial pressure (mmHg) 91 (82–101) 93 (85–101)  p = 0.15 
Heart rate (bpm) 86 (75–98) 87 (77–98)  p = 0.82 
SpO2/FiO2 371 (220–428) 438 (395–448) <414 p < 0.001 
Haemoglobin (g/dl) 13.3 (11.8–14.7) 13.8 (12.5–15) <12.6 p = 0.024 
Lymphocyte count (units/L) 800 (455–1100) 900 (640–1250) <460 p = 0.001 
Neutrophils (units/L) 6100 (4600–9500) 5340 (3700–7840) >5000 p = 0.004 
Platelets (units/L) 177000 (137000–249000) 210000 (168500–256750) <177 000 p < 0.001 
INR 1.2 (1.1–1.4) 1.2 (1.1–1.3) >1.2 p = 0.006 
aPTT (sec) 31 (28–34) 30 (28–32) >33 p = 0.015 
D-dimer (µg/mL) 1190 (740–2000) 830 (480–1400) >1040 p < 0.001 
Fibrinogen (mg/dl) 680 (550–820) 735 (620–870) <620 p = 0.009 
Aspartate aminotransferase (U/L) 40 (28–62) 34 (26–50) >37 p = 0.011 
Alanine aminotransferase (U/L) 27 (16–43) 27 (18–44)  p = 0.38 
Total bilirubin (mg/dL) 0.7 (0.5–0.9) 0.6 (0.5–0.8) >0.7 p = 0.013 
C-reactive protein (mg/dL) 10 (5–15) 5.7 (2.7–11) >9 p < 0.001 
Procalcitonin (ng/mL) 0.21 (0.1–0.5) 0.01 (0.05–0.18) >0.12 p < 0.001 
Interleukin-6 (pg/mL) 85 (41–164) 39 (19–72) >75 p < 0.001 
LDH (U/L) 601 (470–790) 530 (410–670) >580 p < 0.001 
BNP (pg/mL) 140 (81–350) 61 (32–135) >81 p < 0.001 
Natriemia (mEq/L) 136 (134–139) 136 (133–139)  p = 0.6 
Kaliemia (mEq/L) 4 (3.8–4.5) 3.9 (3.5–4.2) >3.9 p < 0.001 
Serum glucose 137 (108–176) 125 (107–156)  p = 0.072 
PaO2/FiO2 190 (73–250) 260 (110–304) <250 p < 0.001 
Bilateral pneumonia 127/137 (92.7 %) 457/536 (85.5 %)  p = 0.021 
ARDS 125/137 (91 %) 324/545 (59 %)  p < 0.001  

Fig. 2. Multivariacoutcome.  
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<60 mL/min/1.73 m2 were reported in Table 4. For patients without 
CKD, in the multivariate analysis an association with increased risk of in- 
hospital death was found for the chronic use of ACE (angiotensin-con-
verting enzyme) inhibitors and angiotensin receptor blockers (ARBs) 
(OR 2.3, IC 1.9–4.6, p = 0.014), hemoglobin below 12.6 g/dL (OR 3.8, 
CI 1.9–7.5, p < 0.001), platelet count below 177000 u/L (OR 2.2, CI 
1.2–4.3, p = 0.017), INR over 1.2 (OR 2.2, CI 1.03–4.6, p = 0.043) and 
PaO2/FiO2 below 250 (OR 2.1, CI 1.04–4.1, p = 0.039). 

Use of beta-blockers, age over 73 years, and a D-dimer value over 
1040 µg/mL were associated with increased risk of in-hospital death 

(nearly significant), as detailed in Table 5 and Fig. 4. 

4. Discussion 

Defining alteration in renal function in acute settings is often chal-
lenging and a direct measurement of the GFR in acute settings is often 
unpractical, as it requires specific or radioactive substances and a con-
stant infusion of them to reach a steady state [17]. Over the last two 
decades, many equations were developed for estimating the GFR using 
endogenous biomarkers such as serum creatinine and cystatin C, and 
they are actually adopted for staging CKD [18]. 

However, estimation of GFR (eGFR), usually based on creatinine 
serum levels, is widely used even in acute care settings as a marker of 
renal function. Dosing of some medications, such as antibiotics, requires 
the evaluation of GFR even in critically ill patients [19]. The previous 
Risk, Injury, Failure, Loss, and End-Stage Renal Disease (RIFLE) criteria 
included the reduction of GFR to define and stage AKI [20]; the subse-
quent KDIGO (Kidney Disease: Improving Global Outcomes) guidelines 
removed the GFR-based favoring the creatinine-based and the urinary 
output-based criteria, as many studies reported errors in staging AKI 
[21]. 

Anyway, the significance of an increase in serum creatinine levels is 
influenced by the baseline GFR. Creatinine serum level augmentation of 
as little as 0.3 mg/dL could correspond to a great decrease in GFR, so 
that creatinine serum levels in the normal range or with minor changes 
could mask sever GFR alteration. Consequently, measuring and report-
ing both eGFR and creatinine serum level changes was strongly sug-
gested for assessing AKI [22]. 

In this study, the use of GFR assessed at hospital admission and 
estimated with the last CKD-EPI formula showed good capability to 
identify alterations in renal function due to COVID-19. In fact, eGFR 
values were significantly lower with respect to both hospital discharge 
and baseline values, and the low eGFR-based incidence was similar to 
creatinine-based AKI incidence. Moreover, a high proportion of patients 
showed deltaGFR over 10 mL/min/1.73 m2, so that eGFR variations 
could reliably detect subclinical kidney damage in the early phases of 
SARS-COV-2 infection. A recent meta-analysis reported an incidence of 
AKI of 19.45 %, which is slightly lower with respect to our findings; 
however, the meta-analysis included both inpatient and outpatient [23]. 

A very high proportion of the hospitalized COVD-19 patient recov-
ered renal function and only 9 % of the patients maintained a GFR 
<60 mL/min/1.73 m2. The recovery rate was greater than recently re-
ported [24], with a recovery rate of 74.8 % reported in our study. 
However, in our analysis, a significantly lesser proportion of ICU 

Table 3 
Multivariate analysis for eGFR and primary outcome and for deltaGFR class and 
secondary outcome.  

Variables ORs p value 

eGFR for in-hospital mortality   
eGFR < 60 mL/min/1.73 m2 2.6 (1.7-4.8) 0.003 

Age > 73 years 4.26 (2-9) < 0.001 
Comorbidities 4.1 (1-17) 0.051 

Polypharmacy (> 3 medicines) 1.6 (0.82-3.25) 0.15 
Hb > 12.6 g/dl 1.15 (0.6-2.4) 0.68 
LDH > 580 u/L 1.15 (0.55-2.4) 0.7 

Lymphocytes < 460 u/L 3 (1.4-6.3) 0.004 
Neutrophils > 5000 u/L 1.03 (0.5-2) 0.93 
Platelets < 177000 u/l 2.2 (1.2-4.2) 0.017 

INR > 1.2 0.65 (0.32-1.3) 0.24 
D-dimer > 1040 0.9 (0.46-1.6) 0.65 

AST > 37 u/L 1.3 (0.7-2.6) 0.4 
PCT > ng/mL 1.5 (0.8-2.9) 0.23 

CRP > 9 mg/dl 1.4 (0.7-2.9) 0.31 
IL-6 > 75 pg/ml 1.9 (0.97-3.5) 0.062 
pO2/Fio2 < 250 1.9 (0.98-3.5) 0.059 

Bilateral pneumonia 3.5 (0.8-16) 0.106 

deltaGFR for ventilation      

deltaGFR> 10 mL/min/1.73 m2 1.4 (0.9-2.1) 0.114 
Age > 73 years 0.5 (0.3-0.8) 0.002 
Hb > 12.6 g/dl 0.7 (0.4-1.2) 0.166 
LDH > 580 u/L 2.2 (1.4-3.5) 0.001 

Lymphocytes < 460 u/L 1.6 (0.9-2.9) 0.12 
Neutrophils > 5000 u/L 1.2 (0.8-1.9) 0.316 

INR > 1.2 1.1 (0.7-1.8) 0.778 
AST > 37 u/L 1.2 (0.8-1.8) 0.403 
PCT > ng/mL 1.1 (0.7-1.7) 0.728 

CRP > 9 mg/dl 0.9 (0.5-1.4) 0.619 
IL-6 > 75 pg/ml 1.6 (1-2.6) 0.063 
pO2/Fio2 < 250 2.9 (1.8-4.5) < 0.001  

Fig. 3. Comparison of ROC curves for eGFR and Call Score (A) and IL-6 (B) respectively.  
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needing patients were included. 
Many risk factors for death in the hospitalized COVD-19 patient were 

described. Age and comorbidities were reported since the initial studies 
[25]. Other parameters associated with grim prognosis included 
markers of inflammation and other laboratory parameters such as 
altered blood cells count values, especially in critically ill patients [26]. 
In our multivariable models, we confirmed that increased age, low 
lymphocyte and platelet counts, increased IL-6 serum levels, and renal 
dysfunction, expressed as both AKI and low eGFR, correlated signifi-
cantly with increased risk of in-hospital death. 

The efficacy of eGFR in predicting outcome in acutely ill patients is 
not well documented. However, a good prognostic capacity for eGFR in 
acute myocardial infarction and acute heart failure [27,28] and a cor-
relation between low eGFR and in-hospital mortality in acute 
pancreatitis-related necrosis was also found [29]. 

Predicting prognosis in acutely ill COVID-19 patients is often chal-
lenging and frequently patients at high risk of death are hospitalized in 
medical regular wards. Previously, our group tested the hypothesis that 
both CALL Score [30] and IL-6 serum levels [31] could reliably predict 
clinical deterioration and in-hospital death. Differently from other re-
ports and meta-analysis [32], our data did not confirm the association 
between low eGFR and ARDS; however, in univariate analysis a high 
deltaGFR values showed near significant association with the risk of 
need for mechanical ventilation. Previous comparison of risk factors of 
COVID-related AKI with usual AKI risk factors found that respiratory 
rate, altered blood cells counts and LDH correlated with AKI in 
COVID-19 patients [33]. 

In our study, eGFR values, but not creatinine serum levels at 
admission and deltaGFR, showed non-inferior reliability respect to both 
CALL Score and IL-6 serum levels in predicting in-hospital mortality. 
Our results corroborate the findings of two topical studies. A recent 
study, aiming at finding biomarkers able to stratify acutely ill COVID-19 
patients requiring sub-intensive/intensive care in order to prevent poor 
outcome, retrospectively evaluated a small sample size (231 patients) 
and pinpointed to eGFR value at hospital admission as good predictor of 
high risk for clinical deterioration and in-hospital death [34]. The other 
study intentionally considered hospitalized elderly COVID-19 patients 
aged ≥65 years [35], whereas our study considers hospitalized 
COVID-19 patients aged ≥18 years, so that our study population is much 
more inclusive. 

Table 4 
Differences between patients with and without eGFR value below 60 mL/min/ 
1.73 m2.   

GFR < 60 (mL/ 
min/1.73 m2) 

GFR > 60 (mL/ 
min/1.73 m2) 

p 
value 

Age 80 (71-86) 67 (56-78) <

0.001 

Male sex 129/203 (63.5%) 271/479 (56.6%) P =
0.10 

Comorbidities    
Hypertension 128/203 (63.1%) 191/477 (40%) <

0.001 
Cardiovascular diseases 107/203 (53%) 103/477 (21.6%) <

0.001 
Diabetes 52/203 (25.7%) 76/477 (16%) 0.01 

Respiratory diseases 45/203 (22.3%) 67/477 (14%) 0.011 
Chronic kidney disease 80/203 (39.6%) 13/477 (2.7%) <

0.001 
Solid or Hematologic 

Neoplasm 
26/203 (12.8%) 39/477 (8.2%) 0.075 

Severe Obesity 28/203 (13.8%) 56/477 (11.7%) 0.53 
Neuropsychiatric disorders 46/203 (22.7%) 86/477 (18%) 0.011 

Chronic pharmacologic 
treatment    
ACE-Inhibitors and ARBs 115/203 (56.7%) 147/477 (30.8%) <

0.001 
Anticoagulants 33/203 (16.3%) 34/477 (7.1%) 0.001 

Antiplatelets 63/203 (31%) 88/477 (18.4%) 0.002 
Beta-Blockers 73/203 (36%) 74/477 (16.1%) <

0.001 
Calcium Channel blockers 35/203 (17.3%) 49/477 (10.3%) 0.017 

Diuretics 59/203 (29%) 48/477 (10%) <

0.001 
Statins 48/202 (23.8%) 76/477 (16%) 0.024 

Neuroactive agents 44/203 (21.2%) 81/477 (17%) 0.19 
Antidiabetic agents 44/202 (21.8%) 57/477 (11.9%) 0.004 

Proton pump inhibitors 45/203 (21.2%) 70/477 (14.7%) 0.025 

Laboratory parameters    
Haemoglobin (g/dl) 12.9 (11.6-14.5) 13.9 (12.8-15) <

0.001 
Platelets (units/L) 190000 (145000- 

243000) 
212000 <

0.001 
Neutrophils (units/L) 5510 (4000-8640) (170000-270000)  

Lymphocytes (units/L) 810 (550-1200) 5500 (3710-8000) 0.427 
INR 1.2 (1.1-1.3) 900 (640-1200) 0.057 

aPTT (sec) 30 (28-34) 1.2 (1.1-1.2) <

0.001 
D-dimer (µg/ml) 1150 (650-2020) 30 (28-32) 0.087 

Fibrinogen (mg/dl) 690 (570-830) 805 (470-1200) <

0.001 
Aspartate 

aminotransferase (U/L) 
38 (25-51) 740 (620-870) 0.032 

Alanine aminotransferase 
(U/L) 

23 (16-36) 35 (27-51) 0.875 

Total bilirubin (mg/dl) 0.6 (0.5-0.8) 29 (19-49) <

0.001 
CRP (mg/dL) 8.4 (3.2-14) 0.6 (0.5-0.8) 0.572 
PCT (ng/ml) 0.17 (0.1-0.43) 5.9 (2.8-11) 0.001 
IL-6 (pg/mL) 57 (31-111) 0.09 (0.05-0.17) <

0.001 
LDH (U/L) 560 (447-745) 41 (19-73) <

0.001 
BNP (pg/mL) 145 (63-330) 530 (415-680) 0.016 

Natriemia (mEq/L) 137 (133-140) (30-112) <

0.001 
Kaliemia (mEq) 4 (3.7-4.5) 136 (134-138) 0.227 

Serum Glucose (mg/dl) 136 (110-180) 3.8 (3.6-4.1) <

0.001 
PaO2/FiO2 228 (93-278) 124 (107-150) 0.006   

260 (99-300) 0.021 

Bilateral pneumonia 168/203 (83.8) 416/477 (87.2%) 0.054  

Table 5 
Multivariate analysis for association between personal and clinical factors and 
low eGFR values (patients with CKD not included).  

Variables ORs p-value 

Age > 73 years 2 (0.97-4.1) 0.061 
Hypertension 0.95 (0.43-2.1) 0.911 

Cardiovascular disease 0.71 (0.3-1.8) 0.475 
Diabetes 0.3 (0.1-1.3) 0.108 

Respiratory disease 0.7 (0.2-2) 0.464 
Neuropsychiatric conditions 0.5 (0.24-1.3) 0.161 

ACE and ARBs 2.3 (1.2-4.6) 0.014 
Antiplatelets 0.5 (0.2-1.2) 0.114 

Anticoagulants 0.7 (0.3-2.4) 0.547 
Beta-blockers 2.3 (0.99-6.4) 0.051 

Calcium channel blockers 1.6 (0.6-4) 0.304 
Diuretics 1.6 (1-3.9) 0.299 

Statins 1.1 (0.46-2.6) 0.855 
Antidiabetics 3.5 (0.9-13) 0.081 

Proton pump inhibitors 1.4 (0.6-3.3) 0.443 
Hb > 12.6 g/dl 3.7 (1.9-7.5) < 0.001 

Platelets < 177000 u/L 2.2 (1.2-4.5) 0.017 
INR > 1.2 2.2 (1.03-4.6) 0.043 

D-dimer > 1040 µg/ml 1.9 (0.97-3.6) 0.063 
CRP > 9 mg/dL 0.9 (0.4-1.9) 0.764 
PCT > 12 ng/ml 1.7 (0.86-3.4) 0.13 
IL-6 > 75 pg/ml 0.9 (0.4-1.9) 0.789 
LDH > 580 u/L 1 (0.5-2) 0.938 

PaO2/FiO2 < 250 2.1 (1.04-4) 0.039  
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On the whole, multiple easily available parameters such as eGFR, 
PaO2/FiO2 (P/F) ratio, CALL Score and IL-6 serum levels could allow to 
stratify acutely hill COVID-19 patients at hospital admission, in partic-
ular could consent to identify patients requiring early sub-intensive care 
unit and ICU admission. We also found that in acutely hill COVID-19 
patients without CKD, chronic use of ACE and ARBs, low hemoglobin 
and platelet count, high INR, and low PaO2/FiO2 (P/F) ratio are asso-
ciated with low eGFR values. 

Our study has some limitations, mainly related to its retrospective 
monocenter design, while the strengths are related to the real-world 
setting, the large sample size evaluated and the great number of vari-
ables analyzed. Regarding good generalizability, the studied population 
was made up entirely of members with disease (cases) and study par-
ticipants were recruited from not specialized and all-encompassing 
clinics (two different Divisions of Internal Medicine with completely 
different medical staff). Besides, the age range of enrolled patients was 
wide and information on the study factors and covariates were collected 
in a fair and equal manner for all subjects to avoid information bias (data 
inaccuracy). 

5. Conclusions 

The SARS-COV-2 pandemic represented a challenge for healthcare 
professionals worldwide. ARDS, as well as cytokines storm and the as-
sociation with thromboembolic events, were the most frequent COVID- 
19 related complications, directly impacting on patient’sprognosis and 
management strategies. Many biomarkers and scores were tested to 
define prognosis in COVID-19 patients, including both respiratory and 
immunologic parameters, with contrasting results. Even if a role for AKI 
was described since the earliest clinical observational studies, its fre-
quency, durability, and impact on prognosis appeared unclear, as many 
studies showed conflicting results. Moreover, renal dysfunction param-
eters were not typically used for the most important decision, such as 
inpatient transfer to the ICU or administration of antivirals or immu-
nosuppressants. The results of our study conducted on acutely ill hos-
pitalized COVID-19 patients strongly suggest that eGFR values assessed 
at hospital admission show good capability to detect clinical and sub-
clinical renal dysfunction, similar to KDIGO-defined AKI. Low eGFR 
values were independently associated with in-hospital mortality and 
resulted non-inferior to CALL Score and IL-6 serum levels in predicting 

in-hospital death. Anemia, low platelet count, low PaO2/FiO2 P/F ratio, 
high INR, and chronic use of ACE and ARBs were associated with lower 
eGFR values. Overall, eGFR value assessed at admission is a useful and 
reliable renal dysfunction marker and in-hospital mortality predictor in 
acutely ill hospitalized COVID-19 patients initially admitted to medical 
regular wards. 

Funding 

This research was funded by the “5×1000” voluntary contribution 
and by a grant from the Italian Ministry of Health (Ricerca Corrente 
2022–2024) to G.M. 

Institutional review board statement 

BIGCOVID, num. 2161 date 6.9.2021; promoter Azienda Usl Toscana 
Centro, first researcher Giancarlo Landini. 

Consent 

Written informed consent was obtained from all study participants or 
their legal representatives. 

CRediT authorship contribution statement 

F.C. and R.T. conceived the article, wrote the paper; G.M. reviewed 
the scientific literature, supervised the statistical analysis, wrote the 
paper; F.C. and R.T. created the database, performed the statistical 
analysis, reviewed data collection; L.C., S.B., M.S.M., S.D., D.D.S., S.B., I. 
S., V.M., M.M.G., G.V., R.L., E.C., C.M., G.P. collected the data. G.P. and 
G.L. administered and supervised the whole project. All authors 
approved the final version of the manuscript and agreed to the published 
version of the manuscript. F.C., R.T. and G.M. take the responsibility for 
the integrity of the work as a whole. 

Conflict of interest statement 

The author declares that there are no conflicts of interest with respect 
to the authorship and/or publication of this article. 

Fig. 4. Multivariate analysis for association between personal and clinical factors and low eGFR values.  

F. Cei et al.                                                                                                                                                                                                                                       



Biomedicine & Pharmacotherapy 153 (2022) 113454

9

Data availability 

Data will be made available on request. 

Acknowledgments 

We thank all the patients who voluntarily consented to participate in 
the study. I apologize to authors whose relevant publications were not 
cited due to space limitations.  

Appendix A. Supporting information 

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.biopha.2022.113454. 

References 

[1] Y. Cheng, R. Luo, K. Wang, M. Zhang, Z. Wang, L. Dong, J. Li, Y. Yao, S. Ge, G. Xu, 
Kidney disease is associated with in-hospital death of patients with COVID-19, 
Kidney Int. 97 (5) (2020) 829–838, https://doi.org/10.1016/j.kint.2020.03.005. 

[2] X. Yang, Y. Yu, J..Xu, H. Shu, J. Xia, H. Liu, Y. Wu, L. Zhang, Z. Yu, M. Fang, T. Yu, 
Y. Wang, S. Pan, X. Zou, S. Yuan, Y. Shang. Clinical course and outcomes of 
critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a single- 
centered, retrospective, observational study. The Lancet. Respiratory medicine, 8 
(5), 475–481. https://doi.org/10.1016/S2213–2600(20)30079–5. 

[3] M. Ye, J. Wysocki, J. William, M.J. Soler, I. Cokic, D. Batlle, Glomerular 
localization and expression of Angiotensin-converting enzyme 2 and Angiotensin- 
converting enzyme: implications for albuminuria in diabetes, J. Am. Soc. Nephrol. 
17 (11) (2006) 3067–3075, https://doi.org/10.1681/ASN.2006050423. 

[4] J.H. Ng, V. Bijol, M.A. Sparks, M.E. Sise, H. Izzedine, K.D. Jhaveri, Pathophysiology 
and pathology of acute kidney injury in patients with COVID-19, Adv. Chronic 
Kidney Dis. 27 (5) (2020) 365–376, https://doi.org/10.1053/j.ackd.2020.09.003. 

[5] M.M.B. Mohamed, I. Lukitsch, A.E. Torres-Ortiz, J.B. Walker, V. Varghese, C. 
F. Hernandez-Arroyo, M. Alqudsi, J.R. LeDoux, J.C.Q.Velez Acute, Kidney Injury 
Associated with Coronavirus Disease 2019 in Urban New Orleans, Kidney360 7 
(2020) 614–622, https://doi.org/10.34067/KID.0002652020. 

[6] N. Tang, D. Li, X. Wang, Z. Sun, Abnormal coagulation parameters are associated 
with poor prognosis in patients with novel coronavirus pneumonia, J. Thromb. 
Haemost. 18 (4) (2020) 844–847, https://doi.org/10.1111/jth.14768. 

[7] J.S. Hirsch, J.H. Ng, D.W. Ross, P. Sharma, H.H. Shah, R.L. Barnett, A.D. Hazzan, 
S. Fishbane, K.D. Jhaveri, Northwell COVID-19 Research consortium; northwell 
nephrology COVID-19 research consortium. Acute kidney injury in patients 
hospitalized with COVID-19, Kidney Int 98 (1) (2020) 209–218, https://doi.org/ 
10.1016/j.kint.2020.05.006. 

[8] W.J. Guan, Z.Y. Ni, Y. Hu, W.H. Liang, C.Q. Ou, J.X. He, L. Liu, H. Shan, C.L. Lei, D. 
S.C. Hui, B. Du, L.J. Li, G. Zeng, K.Y. Yuen, R.C. Chen, C.L. Tang, T. Wang, P. 
Y. Chen, J. Xiang, S.Y. Li, J.L. Wang, Z.J. Liang, Y.X. Peng, L. Wei, Y. Liu, Y.H. Hu, 
P. Peng, J.M. Wang, J.Y. Liu, Z. Chen, G. Li, Z.J. Zheng, S.Q. Qiu, J. Luo, C.J. Ye, S. 
Y. Zhu, N.S. Zhong, China Medical Treatment Expert Group for Covid-19. clinical 
characteristics of coronavirus disease 2019 in China, N. Engl. J. Med 382 (18) 
(2020) 1708–1720, https://doi.org/10.1056/NEJMoa2002032. 

[9] L. Chan, K. Chaudhary, A. Saha, K. Chauhan, A. Vaid, S. Zhao, I. Paranjpe, 
S. Somani, F. Richter, R. Miotto, A. Lala, A. Kia, P. Timsina, L. Li, R. Freeman, 
R. Chen, J. Narula, A.C. Just, C. Horowitz, Z. Fayad, C. Cordon-Cardo, E. Schadt, M. 
A. Levin, D.L. Reich, V. Fuster, B. Murphy, J.C. He, A.W. Charney, E.P. Böttinger, B. 
S. Glicksberg, S.G. Coca, G.N. Nadkarni, Mount Sinai COVID Informatics Center 
(MSCIC), AKI in hospitalized patients with COVID-19, J. Am. Soc. Nephrol. 32 (1) 
(2021) 151–160, https://doi.org/10.1681/ASN.2020050615. 

[10] P. Xia, Y. Wen, Y. Duan, H. Su, W. Cao, M. Xiao, J. Ma, Y. Zhou, G. Chen, W. Jiang, 
H. Wu, Y. Hu, S. Xu, H. Cai, Z. Liu, X. Zhou, B. Du, J. Wang, T. Li, X. Yan, L. Chen, 
Z. Liang, S. Zhang, C. Zhang, Y. Qin, G. Wang, X. Li, Clinicopathological features 
and outcomes of acute kidney injury in critically Ill COVID-19 with prolonged 
disease course: a retrospective cohort, J. Am. Soc. Nephrol. 31 (9) (2020) 
2205–2221, https://doi.org/10.1681/ASN.2020040426. 

[11] B. Bowe, M. Cai, Y. Xie, A.K. Gibson, G. Maddukuri, Z. Al-Aly, Acute kidney injury 
in a national cohort of hospitalized US veterans with COVID-19, Clin. J. Am. Soc. 
Nephrol. 16 (1) (2020) 14–25, https://doi.org/10.2215/CJN.09610620. 

[12] Khwaja, KDIGO clinical practice guidelines for acute kidney injury, Nephron Clin. 
Pr. 120 (4) (2012) c179–c184, https://doi.org/10.1159/000339789. 

[13] ARDS Definition Task Force, V.M. Ranieri, G.D. Rubenfeld, B.T. Thompson, N. 
D. Ferguson, E. Caldwell, E. Fan, L. Camporota, A.S. Slutsky, Acute respiratory 
distress syndrome: the Berlin definition, JAMA 307 (23) (2012) 2526–2533, 
https://doi.org/10.1001/jama.2012.5669. 

[14] Ji, D. Zhang, J. Xu, Z. Chen, T. Yang, P. Zhao, G. Chen, G. Cheng, Y. Wang, J. Bi, 
L. Tan, G. Lau, E. Qin, Prediction for progression risk in patients with COVID-19 
pneumonia: the CALL score, Clin. Infect. Dis. 71 (6) (2020) 1393–1399, https:// 
doi.org/10.1093/cid/ciaa414. 

[15] X. Wang, X. Ji, Sample size estimation in clinical research: from randomized 
controlled trials to observational studies, Chest 158 (1S) (2020) S12–S20, https:// 
doi.org/10.1016/j.chest.2020.03.010. 

[16] E. von Elm, D.G. Altman, M. Egger, S.J. Pocock, P.C. Gøtzsche, J. 
P. Vandenbroucke, STROBE Initiative. The strengthening the reporting of 
observational studies in epidemiology (STROBE) statement: guidelines for 
reporting observational studies, Prev. Med. 45 (4) (2007) 247–251, https://doi. 
org/10.1016/j.ypmed.2007.08.012. 

[17] Z.H. Endre, J.W. Pickering, R.J. Walker, Clearance and beyond: the complementary 
roles of GFR measurement and injury biomarkers in acute kidney injury (AKI), Am. 
J. Physiol. Ren. Physiol. 301 (4) (2011) F697–F707, https://doi.org/10.1152/ 
ajprenal.00448.2010. 

[18] A.S. Levey, R. Atkins, J. Coresh, E.P. Cohen, A.J. Collins, K.U. Eckardt, M.E. Nahas, 
B.L. Jaber, M. Jadoul, A. Levin, N.R. Powe, J. Rossert, D.C. Wheeler, N. Lameire, 
G. Eknoyan, Chronic kidney disease as a global public health problem: approaches 
and initiatives - a position statement from Kidney Disease Improving Global 
Outcomes, Kidney Int 72 (3) (2007) 247–259, https://doi.org/10.1038/sj. 
ki.5002343. 

[19] H.M. Al-Dorzi, A.T. Eissa, R.M. Khan, S.A.A. Harbi, T. Aldabbagh, Y.M. Arabi, 
Dosing errors of empirical antibiotics in critically ill patients with severe sepsis or 
septic shock: a prospective observational study, Int J. Health Sci. (Qassim) 13 (4) 
(2019) 48–55. 

[20] R. Bellomo, C. Ronco, J.A. Kellum, R.L. Mehta, P. Palevsky; Acute Dialysis Quality 
Initiative workgroup. Acute renal failure - definition, outcome measures, animal 
models, fluid therapy and information technology needs: the Second International 
Consensus Conference of the Acute Dialysis Quality Initiative (ADQI) Group. Crit 
Care. 2004 Aug;8(4):R204–12. doi: 10.1186/cc2872. 

[21] J.W. Pickering, Z.H. Endre, GFR shot by RIFLE: errors in staging acute kidney 
injury, Lancet 373 (9672) (2009) 1318–1319, https://doi.org/10.1016/S0140- 
6736(09)60751-0. 

[22] L.A. Inker, S. Titan, Measurement and estimation of GFR for use in clinical practice: 
core curriculum 2021, Am. J. Kidney Dis. 78 (5) (2021) 736–749, https://doi.org/ 
10.1053/j.ajkd.2021.04.016. 

[23] R. Raina, Z.A. Mahajan, P. Vasistha, R. Chakraborty, K. Mukunda, A. Tibrewal, J. 
A. Neyra, Incidence and outcomes of acute kidney injury in COVID-19: a systematic 
review, Blood Purif. 51 (3) (2022) 199–212, https://doi.org/10.1159/000514940. 

[24] L. Bandelac, K.D. Shah, P. Purmessur, H. Ghazanfar, R. Nasr, Acute kidney injury 
incidence, stage, and recovery in patients with COVID-19, Int J. Nephrol. Renov. 
Dis. 15 (2022) 77–83, https://doi.org/10.2147/IJNRD.S352600. 

[25] D. Wang, B. Hu, C. Hu, F. Zhu, X. Liu, J. Zhang, B. Wang, H. Xiang, Z. Cheng, 
Y. Xiong, Y. Zhao, Y. Li, X. Wang, Z. Peng, Clinical characteristics of 138 
hospitalized patients with 2019 novel coronavirus-infected pneumonia in Wuhan, 
China, JAMA 323 (11) (2020) 1061–1069, https://doi.org/10.1001/ 
jama.2020.1585. 

[26] K. Wang, P. Zuo, Y. Liu, M. Zhang, X. Zhao, S. Xie, H. Zhang, X. Chen, C. Liu, 
Clinical and laboratory predictors of in-hospital mortality in patients with 
coronavirus disease-2019: a cohort study in Wuhan, China, Clin. Infect. Dis. 71 
(16) (2020) 2079–2088, https://doi.org/10.1093/cid/ciaa538. 

[27] K. Kajimoto, N. Sato, T. Takano, ATTEND investigators. eGFR and outcomes in 
patients with acute decompensated heart failure with or without elevated BUN, 
Clin. J. Am. Soc. Nephrol. 11 (3) (2016) 405–412, https://doi.org/10.2215/ 
CJN.08210815. 

[28] E.H. Bae, S.Y. Lim, K.H. Cho, J.S. Choi, C.S. Kim, J.W. Park, S.K. Ma, M.H. Jeong, S. 
W. Kim, GFR and cardiovascular outcomes after acute myocardial infarction: 
results from the Korea Acute Myocardial Infarction Registry, Am. J. Kidney Dis. 59 
(6) (2012) 795–802, https://doi.org/10.1053/j.ajkd.2012.01.016. 

[29] M. Lipinski, A. Rydzewski, G. Rydzewska, Early changes in serum creatinine level 
and estimated glomerular filtration rate predict pancreatic necrosis and mortality 
in acute pancreatitis: creatinine and eGFR in acute pancreatitis, Pancreatology 13 
(3) (2013) 207–211, https://doi.org/10.1016/j.pan.2013.02.002. 

[30] E. Grifoni, A. Valoriani, F. Cei, V. Vannucchi, F. Moroni, L. Pelagatti, R. Tarquini, 
G. Landini, L. Masotti, The CALL score for predicting outcomes in patients With 
COVID-19, Clin. Infect. Dis. 72 (1) (2021) 182–183, https://doi.org/10.1093/cid/ 
ciaa686. 

[31] E. Grifoni, A. Valoriani, F. Cei, R. Lamanna, A.M.G. Gelli, B. Ciambotti, 
V. Vannucchi, F. Moroni, L. Pelagatti, R. Tarquini, G. Landini, S. Vanni, L. Masotti, 
Interleukin-6 as prognosticator in patients with COVID-19, J. Infect. 81 (3) (2020) 
452–482, https://doi.org/10.1016/j.jinf.2020.06.008. 

[32] J. Singh, P. Malik, N. Patel, S. Pothuru, A. Israni, R.C. Chakinala, M.R. Hussain, 
A. Chidharla, H. Patel, S.K. Patel, R. Rabbani, U. Patel, S. Chugh, A. Kichloo, 
Kidney disease and COVID-19 disease severity-systematic review and meta- 
analysis, Clin. Exp. Med. 22 (1) (2022) 125–135, https://doi.org/10.1007/s10238- 
021-00715-x. 

[33] M. Fisher, J. Neugarten, E. Bellin, M. Yunes, L. Stahl, T.S. Johns, M.K. Abramowitz, 
R. Levy, N. Kumar, M.H. Mokrzycki, M. Coco, M. Dominguez, K. Prudhvi, 
L. Golestaneh, AKI in hospitalized patients with and without COVID-19: a 
comparison study, J. Am. Soc. Nephrol. 31 (9) (2020) 2145–2157, https://doi.org/ 
10.1681/ASN.2020040509. 

[34] A. Mirijello, P. Piscitelli, A. de Matthaeis, M. Inglese, M.M. D’Errico, V. Massa, 
A. Greco, A. Fontana, M. Copetti, L. Florio, M.A. Leone, M.A. Prencipe, F. Aucella, 
S. De Cosmo, Low eGFR is a strong predictor of worse outcome in hospitalized 
COVID-19 patients, J. Clin. Med. 10 (22) (2021) 5224, https://doi.org/10.3390/ 
jcm10225224. 

[35] B. Carter, E.A. Ramsay, R. Short, S. Goodison, J. Lumsden, A. Khan, P. Braude, 
A. Vilches-Moraga, T.J. Quinn, K. McCarthy, J. Hewitt, P.K. Myint, COPE Study. 
Prognostic value of estimated glomerular filtration rate in hospitalised older 
patients (over 65) with COVID-19: a multicentre, European, observational cohort 
study, BMC Geriatr. 22 (1) (2022) 119, https://doi.org/10.1186/s12877-022- 
02782-5. 

F. Cei et al.                                                                                                                                                                                                                                       

https://doi.org/10.1016/j.biopha.2022.113454
https://doi.org/10.1016/j.kint.2020.03.005
https://doi.org/10.1681/ASN.2006050423
https://doi.org/10.1053/j.ackd.2020.09.003
https://doi.org/10.34067/KID.0002652020
https://doi.org/10.1111/jth.14768
https://doi.org/10.1016/j.kint.2020.05.006
https://doi.org/10.1016/j.kint.2020.05.006
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1681/ASN.2020050615
https://doi.org/10.1681/ASN.2020040426
https://doi.org/10.2215/CJN.09610620
https://doi.org/10.1159/000339789
https://doi.org/10.1001/jama.2012.5669
https://doi.org/10.1093/cid/ciaa414
https://doi.org/10.1093/cid/ciaa414
https://doi.org/10.1016/j.chest.2020.03.010
https://doi.org/10.1016/j.chest.2020.03.010
https://doi.org/10.1016/j.ypmed.2007.08.012
https://doi.org/10.1016/j.ypmed.2007.08.012
https://doi.org/10.1152/ajprenal.00448.2010
https://doi.org/10.1152/ajprenal.00448.2010
https://doi.org/10.1038/sj.ki.5002343
https://doi.org/10.1038/sj.ki.5002343
http://refhub.elsevier.com/S0753-3322(22)00843-5/sbref18
http://refhub.elsevier.com/S0753-3322(22)00843-5/sbref18
http://refhub.elsevier.com/S0753-3322(22)00843-5/sbref18
http://refhub.elsevier.com/S0753-3322(22)00843-5/sbref18
https://doi.org/10.1016/S0140-6736(09)60751-0
https://doi.org/10.1016/S0140-6736(09)60751-0
https://doi.org/10.1053/j.ajkd.2021.04.016
https://doi.org/10.1053/j.ajkd.2021.04.016
https://doi.org/10.1159/000514940
https://doi.org/10.2147/IJNRD.S352600
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1093/cid/ciaa538
https://doi.org/10.2215/CJN.08210815
https://doi.org/10.2215/CJN.08210815
https://doi.org/10.1053/j.ajkd.2012.01.016
https://doi.org/10.1016/j.pan.2013.02.002
https://doi.org/10.1093/cid/ciaa686
https://doi.org/10.1093/cid/ciaa686
https://doi.org/10.1016/j.jinf.2020.06.008
https://doi.org/10.1007/s10238-021-00715-x
https://doi.org/10.1007/s10238-021-00715-x
https://doi.org/10.1681/ASN.2020040509
https://doi.org/10.1681/ASN.2020040509
https://doi.org/10.3390/jcm10225224
https://doi.org/10.3390/jcm10225224
https://doi.org/10.1186/s12877-022-02782-5
https://doi.org/10.1186/s12877-022-02782-5

	Early reduction of estimated Glomerular Filtration Rate (eGFR) predicts poor outcome in acutely ill hospitalized COVID-19 p ...
	1 Introduction
	2 Materials and methods
	2.1 Patients and data collection
	2.2 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusions
	Funding
	Institutional review board statement
	Consent
	CRediT authorship contribution statement
	Conflict of interest statement
	Data availability
	Acknowledgments
	Appendix A Supporting information
	References


