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Abstract
Introduction While there is evidence of the presence of the coronavirus in the kidneys and resultant acute kidney injury 
(AKI), information on the effect of chronic kidney disease (CKD) on COVID-19 outcomes and its pathogenesis is currently 
lacking.
Methods This retrospective, observational study evaluated the outcomes of all consecutive patients hospitalized during 
COVID-19 outbreaks in Meir Medical Center. Serum creatinine level was assessed before hospitalization (“baseline serum 
creatinine”) and at admission, as well as minimum and maximum serum creatinine levels during hospitalization.
Results Among 658 patients, 152 had eGFR < 60 ml/min (termed the CKD group), 506 patients served as controls. Patients 
in the CKD group were older, with higher prevalence of hypertension, diabetes mellitus and atherosclerosis. Disease sever-
ity and clinical presentation of CKD group were comparable to that of control group. Odds ratio for AKI was 5.8 (95%CI 
3.8–8.7; p < 0.001) in CKD group vs. control group and 3.4 (95%CI 1.1–10.8) for renal replacement therapy (p < 0.026). 
Among the CKD group, 32.2% died after COVID-19 infection versus 14.8% of the controls (p < 0.001). Mortality increased 
as CKD stage increased (14.8% in controls, 29.6% in CKD stage 3, and 39.3% in CKD stages 4 and 5, p < 0.001).
Conclusion Despite comparable disease severity at presentation, patients with CKD had significantly more AKI events and 
required more renal replacement therapy during hospitalization than control patients did. Mortality increased as CKD stage 
increased.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has 
had an enormous impact on medical systems globally. The 
disease results from infection with severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) and may progress 
to multi-organ injury, including the kidneys. The clinical 
spectrum of SARS-COV-2 infection ranges from asympto-
matic to critical and sometimes fatal illness. Fever, cough, 
myalgias, and headache are the most commonly reported 
symptoms. Other features, including diarrhea, sore throat, 
anosmia and dysgeusia, are also well-described [1–3].

Risk factors for mortality and severe COVID-19 infection 
include older age, male sex, hypertension, diabetes mellitus, 
cardiovascular disease, obesity and chronic kidney disease 
(CKD) [4–8]. These risk factors were also examined in a 
review of a cohort of over 17 million patients and found 
to be associated with COVID-19-related death [7]. Other 
factors that indicate severe infections are markers of inflam-
mation or coagulation (fever, D-dimer level at admission, 
elevated fibrin degradation products, and prolonged acti-
vated partial thromboplastin and prothrombin times) [9]. 
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Risk factors and risk scores to identify high-risk patients 
are still being developed [10–13].

While there is evidence of the presence of the coronavi-
rus in the kidneys and resultant AKI, the effect of CKD on 
COVID-19 outcomes and its pathogenesis is poorly under-
stood [14, 15].

The pathogenesis of kidney damage in patients with 
COVID-19 involves several factors. One mechanism is the 
direct binding of the virus to angiotensin-converting enzyme 
(ACE2) on the renal parenchyma, which can explain the 
direct damage the virus causes to the kidney [16]. Another 
mechanism involves the cytokine storm after the infection, 
promoting tubular and endothelial dysfunction [17] and even 
capillary leak, which may result in disseminated intravas-
cular coagulation [18]. Finally, the hypercoagulability state 
in COVID-19 infection is well known and might be com-
plicated by tubular necrosis, inducing irreversible kidney 
damage [13, 19–21].

The prevalence of kidney injury in hospitalized COVID-
19 patients is high and is associated with higher risk of in-
hospital mortality [22]. A meta-analysis indicated a three-
fold higher likelihood of severe COVID-19 [23, 24]. CKD is 
associated with oxidative stress, immune dysregulation and 
lymphopenia [25, 26], which can play a role in the greater 
severity of COVID-19 in patients with CKD.

CKD is defined as the presence of kidney damage (usu-
ally detected as a laboratory or radiographic abnormality) 
or decreased kidney function (defined as estimated glomeru-
lar filtration rate [eGFR] < 60 mL/min/1.73  m2) for three or 
more months, regardless of the cause. Staging patients with 
CKD according to eGFR enhances risk stratification for the 
major complications of CKD [27, 28].

The purpose of this study was to investigate the clinical 
outcomes of CKD patients infected with COVID-19 infec-
tion compared to non-CKD patients (controls).

Methods

This retrospective, observational study evaluated the out-
comes of patients hospitalized during COVID-19 outbreaks 
August 2020–December 2020, at Meir Medical Center, a 
760-bed academic hospital located in Central Israel. It is 
the largest hospital in the district, which comprises a mostly 
urban population of Jews and Arabs.

Results are reported according to the STROBE statement 
guidelines.

COVID‑19 infection

The diagnosis of SARS-CoV-2 infection was ascertained by 
a positive real-time reverse-transcriptase polymerase chain 
reaction (RT-PCR) result from nasopharyngeal swabs.

Participants

The study population included adults (age ≥ 18  years) 
infected with SARS-CoV-2. All patients were hospitalized 
in COVID-19 wards at the medical center and were followed 
daily. This cohort included only non-vaccinated patients to 
obtain data regarding the natural history of COVID-19 and 
CKD.

Exclusion criteria were second hospitalization, hemodi-
alysis patients, missing medical record data and individuals 
after renal transplantation.

Study design and kidney disease

Serum creatinine level was assessed before admission to the 
hospital (baseline serum creatinine) and at admission. Mini-
mum and maximum levels during hospitalization were also 
obtained and recorded for each patient.

Clinical, laboratory and radiologic data were extracted 
from the participants' medical records. The day of first posi-
tive swab for SARS-CoV-2 served as day 0 of illness for the 
study.

Glomerular filtration rate (GFR) was estimated using 
the Modified Diet in Renal Disease (MDRD) Equation. 
The MDRD equation enables GFR estimation from serum 
creatinine, and is more accurate for GFR < 60 ml/min/1.73 
 m2. Therefore, the cohort was divided into a CKD group 
(with eGFR < 60 ml/min) and non-CKD (control) group 
(eGFR > 60 ml/min). Estimated GFR (eGFR) was calcu-
lated for each patient using the baseline serum creatinine 
measurement.

CKD stage

CKD stage was defined as previously described [28]. Stage 
3 included patients with eGFR 30–59 ml/min, stage 4 eGFR 
15–29 (ml/min) and stage 5 as GFR < 15 (ml/min). Patients 
treated with chronic dialysis were excluded.

Patients with eGFR > 60 mL/min, including stage 1 and 
2, served as the control group.

Since body surface area (BSA) was not available for this 
retrospective study, GFR was not corrected for BSA and 
was calculated in mL/min without correction to BSA (1.73 
 m2) [29].

AKI was defined as greater than 30% increase in serum 
creatinine from baseline during COVID-19 infection [30].

Variables

Baseline clinical variables included eGFR, sex, weight (kg), 
smoking history and comorbidities (chronic obstructive 
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pulmonary disease, hypertension, diabetes mellitus, dys-
lipidemia, atrial fibrillation, ischemic heart disease, heart 
failure, peripheral vascular disease, previous stroke, malig-
nancy, obesity).

Variables related to COVID-19 infection included clini-
cal findings at presentation (COVID-19 symptoms and vital 
signs), laboratory findings (blood count, chemistry results, 
C-reactive protein and clotting tests), radiology findings 
from chest X-rays and computerized tomography studies, 
when performed and treatments given for COVID-19.

Study endpoints

The primary endpoint was in-hospital mortality after 
COVID-19 infection. Secondary outcomes included disease 
severity, respiratory deterioration and need for respiratory 
support (including oxygen), acute kidney injury, and need 
for renal replacement therapy.

Mortality data were collected from the National Social 
Security records.

COVID-19 disease severity was ranked according to 
National Institute of Health guidelines as asymptomatic, 
mild, moderate (with clinical or radiographic evidence of 
lower respiratory tract disease and oxygen saturation ≥ 94% 
while breathing room air), severe (saturation < 94%, respira-
tory rate > 30/min, infiltrates over 50% of lungs volume), or 
critical (requiring invasive or non-invasive ventilation, in 
shock, or organ failure) [1].

Statistical analysis

Descriptive statistics are presented as means with stand-
ard deviations and range, median or percentages. Vari-
ables between two study groups were compared using t 
test, Mann–Whitney test, Fisher’s exact test or chi-square, 
according to the scale of measured variables. p values < 0.05 
were considered statistically significant. A multivariate 
logistic regression model including all significant variables 
in the univariate analysis was applied to estimate odds ratios 
(OR) for mortality. Survival curves were obtained using the 
Kaplan–Meier method and compared using two-sided log 
rank statistics. Data were analyzed using SPSS, Version 27 
(IBM Corporation, Armonk, NY, USA).

Ethical issues

The study was approved by the Institutional Review Board 
of Meir Medical Center (no. MMC-351-20). The committee 
waived the requirement for informed consent due to the ret-
rospective study design. The study was performed in accord-
ance with the Declaration of Helsinki and Good Clinical 
Practice guidelines.

Results

A total of 658 patients were included, with a median 
age of 68  years (range 18–100). Mean follow-up was 
108 ± 84 days after hospital admission due to COVID-19 
infection.

Among 658 patients, 152 with eGFR < 60  ml/min 
were classified as the CKD group. The 506 patients with 
eGFR > 60 ml/min served as the control group. Figure 1 
shows the distribution of the study cohort by CKD stage. 
Patients in the CKD group were older, with higher preva-
lence of hypertension, diabetes mellitus and atherosclero-
sis, as detailed in Table 1.

COVID‑19 infection

The clinical presentation of the CKD and control groups 
were similar, except the CKD group had higher systolic 
blood pressure at hospital admission (Table 2). Baseline 
laboratory tests at admission revealed lower hemoglobin 
and higher C-reactive protein and D-dimer levels in the 
CKD group.

At presentation, there was no significant difference in 
disease severity between CKD stages (p = 0.96; Fig. 2) and 
between the CKD and control groups (p = 0.984). Most 
CKD and control patients were determined to have mild-
to-moderate disease at admission, while 30.9% and 3.8% 
were defined as having severe and critical disease, respec-
tively, with comparable distribution between CKD stages.

Baseline serum creatinine significantly correlated 
with serum creatinine at hospitalization (r = 0.638, 

Fig. 1  Distribution of study cohort by CKD stage. 658 patients 
were included in this analysis, 77% had eGFR > 60  ml/min (Con-
trol group), 18.5% had eGFR 30–60  ml/min (CKD stage 3), 3.7% 
15–30 ml/min (CKD stage 4) and < 1% had GFR < 15 ml/min (stage 
5)
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p < 0.001), maximum serum creatinine during hospitali-
zation (r = 0.64, p < 0.001), CRP (r = 0.121, p = 0.005), 
ferritin (r = 0.182, p < 0.001) and troponin measurements 
(r = 0.373, p < 0.001).

During hospitalization, more patients in the CKD group 
required oxygen support compared to the control group 
(55.9% vs. 31.8%, respectively), OR for oxygen was 2.7 with 
95%CI 1.9–3.9, p < 0.001). However, they did not require 

Table 1  Baseline characteristics 
of the study population

Values are presented as absolute numbers (percentage) or as mean ± SD
eGFR was calculated using MDRD formula as mentioned in the Methods section, using baseline serum 
creatinine before admission to hospitalization. Obesity was defined as BMI > 30
CKD chronic kidney disease, COPD chronic obstructive pulmonary disease, PVD peripheral vascular dis-
ease

Characteristic CKD group (n = 152) Control group (n = 506) p value

Age (years) 77.2 ± 11.5 62.3 ± 16  < 0.001
eGFR (ml/min) 44.9 ± 12.6 93.7 ± 23.6  < 0.001
Male 86 (56.6%) 288 (56.9%) 0.941
Weight (kg) 77.9 ± 18 81.5 ± 19.3 0.095
Body mass index 28.2 ± 5.6 28.3 ± 6.3 0.818
Obesity 16 (10.5%) 58 (11.5%) 0.749
Smoking 15 (9.9%) 29 (5.7%) 0.073
COPD 10 (6.6%) 38 (7.5%) 0.699
Hypertension 107 (70.4%) 179 (35.4%)  < 0.001
Diabetes 69 (45.4%) 143 (28.3%)  < 0.001
Dyslipidemia 56 (36.8%) 128 (25.3%) 0.005
Malignancy 4 (2.6%) 11 (2.2%) 0.74
Atrial fibrillation 24 (15.8%) 25 (4.9%)  < 0.001
Coronary heart disease 34 (22.4%) 53 (10.5%)  < 0.001
Heart failure 20 (13.2%) 13 (2.6%)  < 0.001
PVD 40 (26.3%) 57 (11.3%)  < 0.001
Previous stroke 21 (13.8%) 27 (5.3%)  < 0.001

Table 2  Clinical presentation at 
admission to hospitalization

Variable CKD group (n = 152) Control group (n = 506) p-value

Clinical presentation at hospital admission
 Temperature (°C) 37.1 ± 0.66 37.1 ± 0.67 0.422
 Heart rate (per minute) 85.2 ± 16.9 86.1 ± 15.1 0.535
 Systolic blood pressure (mmHg) 137.4 ± 26.1 130.5 ± 21.4 0.002
 Diastolic blood pressure (mmHg) 71 ± 14.9 71.2 ± 12.7 0.891
 Oxygen saturation at room air 91.8 ± 9.2 93.4 ± 8.4 0.198

Laboratory values at hospital admission
 Serum creatinine (mg/dl) 1.7 ± 0.8 1 ± 0.5  < 0.001
 C-reactive protein (mg/dl) 12.9 ± 9.9 10.5 ± 9.6 0.014
 Hemoglobin (g/dl) 12 ± 1.9 12.7 ± 2 0.001

WBC (×  109/l) 7.5 ± 3.2 7.1 ± 3.9 0.266
 Abs. lymphocyte count (×  109/l) 1.1 ± 0.6 1.1 ± 0.6 0.915
 Abs. neutrophil count (×  109/l) 5.9 ± 3 5.5 ± 3.8 0.244
 NLR (per µl) 8.1 ± 8.9 7.3 ± 8.5 0.331
 Platelets (per µl) 219 ± 99 222 ± 94 0.73
 ALT (units/l) 14.5 ± 20.4 16.3 ± 31.2 0.504
 AST (units/l) 37.5 ± 31.9 37 ± 86 0.765
 Ferritin (ng/ml) 811 ± 847 1146 ± 4025 0.383
 D-dimer (ng/ml) 4118 ± 9880 2687 ± 6410 0.058
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more mechanical ventilation (p = 0.229). The CKD group 
did not require more hemodynamic support with vaso-
pressors as compared to the control group (2.6% vs. 1.4%, 
p = 0.293).

AKI and renal outcomes

Patients in the CKD group had baseline serum creatinine 
level of 1.7 ± 0.8 and eGFR of 44.9 ± 12.6 ml/min. Their 
CKD stage is shown in Fig. 1. Among the CKD group, 
46.4% (70/151) patients had significant deterioration in kid-
ney function during hospitalization with COVID-19 (AKI) 
vs. 63/483 (13%) in the control group (p < 0.001).

The OR for acute kidney injury was 5.8 (95%CI 3.8–8.7) 
in the CKD vs. control groups. The maximum serum creati-
nine level during hospitalization was 2 ± 1.23 mg/dl in the 
CKD group.

Six patients (3.9%) in the CKD group required renal 
replacement therapy vs. 6 (1.2%) in the control group (OR 
3.4 (95%CI 1.1–10.8), p = 0.026).

Mortality

In the CKD group, 32.2% died after COVID-19 infection 
versus 14.8% in the control group (OR for mortality = 2.7 
(95%CI 1.8–4.2), p < 0.001). Mortality increased as the 
CKD stage increased (14.8% in non-CKD, 29.6% in CKD 
stage 3, and 39.3% in CKD stages 4 and 5, p < 0.001). A 
Kaplan–Meir curve shows that survival of CKD patients 
was significantly shorter compared to controls (Fig. 3, 
p < 0.001).

Among patients who died vs. survived after COVID-19 
infection, higher CRP (16.5 ± 10.4 vs. 9.8 ± 9.1, p < 0.001), 
ferritin (2699.1 ± 7596.2 vs. 661.3 ± 761.2, p < 0.001), 
D-dimer (10,470 ± 15,099 vs. 2521 ± 4504, p < 0.001) and 
troponin (202.1 ± 730.2 vs. 24.6 ± 80.6, p < 0.001) respec-
tively, were found.

Fig. 2  Disease severity at different CKD stages at admission to hos-
pital (p = 0.96)

Fig. 3  Survival of CKD patients 
was significantly worse as 
compared to control patients 
(p < 0.001). Despite comparable 
follow-up from hospital admis-
sion, survival rate was signifi-
cantly worse in the CKD group 
vs. control group, p < 0.001)

Table 3  Multivariate logistic regression analysis model for predictors 
of mortality

 Variable Odds 
ratio

95% CI p-value

Lower Upper

CKD stage 1.605 1.055 2.44 0.027
Male sex 2.082 1.42 3.054 0
Diabetes mellitus 0.909 0.612 1.35 0.637
Hypertension 1.345 0.909 1.989 0.138
Age > 75 years 2.248 1.524 3.316 0
Ischemic heart disease 1.209 0.745 1.962 0.443
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CKD, age and male sex were the most important predic-
tors of mortality in a multivariate logistic regression analysis 
model (Table 3).

Among the patients who had AKI during hospitalization, 
43.6% died compared to 12.6% of the patients without AKI 
(p < 0.001). OR for death among patients with AKI was 5.4 
(95%CI 3.5–8.3) in this cohort.

Discussion

This study assessed the impact of CKD on the clinical out-
comes of unvaccinated patients infected with COVID-19. It 
included 658 patients with several measurements of kidney 
function, which enabled us to assess both baseline kidney 
function (eGFR and CKD stage) and AKI during hospitali-
zation due to COVID-19 infection.

Despite comparable disease severity at presentation, 
patients with CKD had significantly greater instance of AKI 
and required more oxygen support and renal replacement 
therapy than control patients did. Mortality increased with 
higher CKD stage.

Patients in the CKD group were older, with higher preva-
lence of hypertension, diabetes mellitus and atherosclerosis. 
This is a predictable finding, as CKD is commonly comorbid 
with hypertension, diabetes, and cardiovascular disease and 
associated with several comorbidities [31].

Only a few studies that described CKD as a risk-factor 
for COVID-19 mortality, included information on CKD 
as a separate group of investigation. One study that com-
pared three subgroups with CKD, found a graded associa-
tion between the level of kidney dysfunction and the risk 
of COVID-19 mortality [24]. These mortality rates were 
higher than those of other high-risk groups, including obe-
sity, hypertension and heart disease. Flythe et al. reported 
recently that dialysis and non-dialysis dependent CKD 
patients admitted to intensive care units had a higher risk 
for 28-day in-hospital death when compared to non-CKD 
patients [32]. These findings support our results that CKD 
is a condition associated with high mortality rate.

Laboratory data at admission revealed lower hemoglobin 
and higher C-reactive protein and D-dimer levels. These 
markers are known as indicators of severe infections and 
severe COVID-19 infection [13].

The CKD group had more AKI events, required more 
renal replacement therapy and experienced significant 
deterioration in kidney function during hospitalization for 
COVID-19. Risk factors associated with development of 
AKI among patients with acute respiratory distress syn-
drome were older age, severity of illness, diabetes and aci-
dosis [33]. These are common comorbidities among the 
CKD population. AKI is a common complication with poor 
outcomes after COVID-19 infection. This can be aggravated 

among CKD patients, as CKD itself is recognized as a clear 
risk-factor for AKI [34–36]. In our study, disease severity 
at presentation was similar among all patients but during 
hospitalization the CKD group required more oxygen sup-
port, which means that their disease progressed and became 
more complicated.

Almost half (46.4%) of the patients with CKD in our 
cohort experienced significant deterioration in kidney func-
tion (AKI) during hospitalization with COVID-19. This inci-
dence is relatively high for hospitalized patients [37]. OR for 
death was 5.38 among patients who had AKI. These findings 
of high rate of AKI and its prognostic impact are supported 
by previous studies [14, 15]. Batlle et al. described an inci-
dence of AKI ranging from 23 to 60%. This was even higher 
among high-risk patients with COVID-19 infection, deter-
mined by findings of severe acute tubular necrosis, leucocyte 
infiltrates, endothelial damage, and ischemic and inflamma-
tory changes in kidney histology [15].

The clinical implications of further studies in this field 
are very important. The pivotal finding of poor outcomes of 
COVID-19 infection among CKD patients is in accordance 
with previous reports [35, 36]. Higher mortality rates, as 
well the need for more oxygen support and renal replace-
ment therapy among the CKD group, indicate the need for 
special attention regarding COVID-19 infection. The pres-
ence of CKD should encourage physicians to initiate prompt 
therapeutic interventions, such as monoclonal antibodies and 
other special COVID-19 treatment options, especially in 
light of the increasing number of elderly CKD patients [38] 
and the aging of the population. Finally, emerging COVID-
19 variants that cost human life, even with the availability of 
vaccines, emphasize the importance of this study. Data about 
the relation between COVID-19 and CKD, and of CKD as 
a risk-factor are lacking. Additional research is needed to 
better understand the course of COVID-19 and risk factors 
for mortality among patients with CKD, especially after 
vaccination.

Limitations

There were several limitations to this study. First, as in any 
retrospective, record-based study, data collection was lim-
ited by inconsistent documentation and incomplete access 
to follow-up data, as some patients received follow-up in 
other healthcare facilities. Second, the data were collected 
before COVID-19 vaccinations were available and cannot 
be applied to vaccinated patients. Third, since the data were 
collected, the COVID-19 virus has developed new variants 
that affect its virulence and transmission, which influences 
disease severity and mortality. Finally, the diversity and het-
erogeneity of CKD patients, including their comorbidities, 
reduce the uniformity of the study population.
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Conclusion

CKD is common in the general population and its presence 
should encourage physicians to pay special attention to 
these patients who are infected with COVID-19, closely 
follow-up on their kidney function due to the increased 
risk for deterioration and oxygen desaturation, as well as 
other parameters of COVID-19 disease. Despite compa-
rable disease severity at presentation, patients with CKD 
had significantly more AKI events and required more renal 
replacement therapy during hospitalization than control 
patients did. Mortality was increased among patients with 
higher CKD stages. We think that our findings are mean-
ingful and should prompt vaccination of the CKD popula-
tion against COVID-19.
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