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SUMMARY 

The presence of co-morbidities is associated with a poor outcome in patients with COVID-19. The 

aim of the present study was to investigate the outcomes of patients with SARS-CoV-2 infection 

and chronic kidney disease (CKD) in order to assess its impact on mortality and severity of disease. 

We performed a multicenter, observational, 1:2 matched case-control study involving seventeen 

COVID-19 Units in southern Italy. All the adults hospitalized for SARS-CoV-2 infection and with 

pre-existing CKD were included (Cases). For each Case, two patients without CKD pair matched 

for gender, age (+5 years), and number of co-morbidities (excluding CKD) were enrolled 

(Controls). Of the 2,005 patients with SARS-CoV-2 infection followed during the study period, 146 

patients with CKD and 292 patients without were enrolled in the case and control groups, 

respectively. Between the Case and Control groups, there were no statistically significant 

differences in the prevalence of moderate (17.1% vs. 17.8%, p=0.27) or severe (18.8% and 13.7%, 

p=0.27) clinical presentation of COVID-19 or deaths (20.9% vs. 28.1%, p=0.27). 
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In the Case group, the patients dead during hospitalization were statistically higher in the 89 

patients with CKD stage 4-5 compared to 45 patients with stages 1-3 CKD (30.3% vs 13.3%, 

p=0.03). Our data suggests that only CKD stage 4-5 on admission was associated with an increased 

risk of in-hospital death.  

 

Keywords: Chronic kidney disease, COVID-19, SARS-CoV-2 infection, severity of disease, 

mortality 

 

INTRODUCTION 

Since December 2019 the current outbreak of pneumonia due to SARS-CoV-2 rapidly spread from 

China to all over the world, assuming the characteristics of a global pandemic responsible for over 

6,252,316 deaths (last update 5 May 2022) [1-3].  

Although the data suggest that 80% of infections are mild or asymptomatic, certain underlying 

medical conditions, e.g. hypertension, active cancer, diabetes, and chronic kidney disease (CKD), 

carry an increased risk of severe illness [4,5].  

The kidney is a target of SARS-CoV-2 due to the marked expression of angiotensin-converting 

enzyme 2 (ACE2) receptors that mediate virus internalization [6,7]. However, the data on the role 

of CKD on the outcome of COVID-19 is not conclusive: several studies showed that the patients 

with CKD had a worse prognosis and in-hospital death compared with patients without, especially 

if they presented with a dialysis-dependent CKD [6-9]. Nevertheless, the studies were often 

retrospective, on a small-size population and frequently without the evaluation of co-factors 

associated with a poor prognosis of COVID-19. 

The aim of this pair-matched case-control study was to investigate the outcomes of patients with 

SARS-CoV-2 infection and CKD in order to assess its impact on the mortality and severity of the 

disease. 

 



 

 

PATIENTS AND METHODS 

Study design and setting 

We performed a multicenter, observational, 1:2 matched case-control study involving seventeen 

COVID-19 Units in eight cities in the Campania region in southern Italy: Naples, Caserta, Salerno, 

Avellino, Benevento, Pozzuoli, Eboli and Vallo della Lucania.  

The patients were adults (≥18 years), hospitalized with a diagnosis of SARS-CoV-2 infection 

confirmed by a positive reverse transcriptase-polymerase chain reaction (RT-PCR) on a naso-

oropharyngeal swab. The study period was from February 28
th

 2020  to November 1
st
 2021. All the 

patients with CKD were enrolled as Cases (Case group). For each Case, 2 patients without CKD, 

pair matched for gender, age (+5 years), number of co-morbidities (excluding CKD), were chosen 

from the Campania COVID-19 cohort (CoviCamp cohort) (Control group) [10-12]. Exclusion 

criteria included minority age, and lack of clinical data and/or of informed consent. No study 

protocol or guidelines regarding the criteria of hospitalization were shared among the centres 

involved in this study and the patients were hospitalized according to the decision of physicians of 

each centre. 

The study was approved by the Ethics Committee of the University of Campania “L. Vanvitelli”, 

Naples (n°10877/2020). All procedures performed in this study were in accordance with the ethics 

standards of the institutional and/or national research committee and with the 1964 Helsinki 

declaration and its later amendments or comparable ethics standards. Informed consent was 

obtained from all participants included in the study. 

Data collection and variables 

All demographic, clinical and laboratory details of both Cases and Controls were collected in a 

database. From this database we extrapolated the data. 

The microbiological diagnosis of SARS-CoV-2 infection was defined as a positive RT-PCR test on 

a naso-oropharyngeal swab. All the sites included used the same RT-PCR kit, Bosphore V3 

(Anatolia Genework, Turkey).   



 

 

The estimated glomerular filtration rate (eGFR) was calculated using the Modified Diet and Renal 

Disease equation (MDRD) [13]. Chronic Kidney Disease was defined following the guidelines [12]. 

The CKD stage was assigned according to the Kidney Disease Improving Global Outcome 

(KDIGO) stage, a widely in use guideline for definition, classification and management of 

individuals with CKD supported by evidence [15]. The presence of underlying chronic disease and 

severity was assessed according to the Charlson age-comorbidity index (CCI). 

We defined patients with a mild, moderate or severe disease according to the clinical presentation of 

COVID-19. Precisely, patients with a mild infection did not need oxygen (O2) therapy and/or had a 

MEWS score below 3 points. Patients with a moderate infection were hospitalized and required 

non-invasive O2 therapy and/or had a MEWS score equal to or above 3 points (≥3) [16]. Lastly, 

patients with a severe infection needed management in an intensive care unit (ICU) and/or 

mechanical ventilation (invasive or not invasive); in this definition we also included patients who 

died. Patients were followed until SARS-CoV-2-RNA negativity at naso-oropharyngeal swab or 

discharge from hospital. 

Statistical analysis 

For the descriptive analysis, categorical variables were presented as absolute numbers and their 

relative frequencies. Continuous variables were summarized as mean and standard deviation if 

normally distributed or as median and interquartile range (IQR) if not normally distributed.  We 

performed a comparison of patients with CKD and without CKD using Pearson chi-square or Fisher 

exact test for categorical variables and Student’s t- or Mann-Whitney tests for continuous variables.  

A p-value below 0.05 was considered statistically significant. Analyses were performed by STATA. 

 

RESULTS 

During the study period, 2,054 patients were included in the dataset (Figure 1), and 173 patients 

(8.4%) were affected by CKD. Of this, 20 missed the outcome data and were excluded (Figure 1). 

We pair matched every patient with CKD with 2 patients without CKD considering age (+5), 



 

 

number of co-morbidities (excluding CKD) and CCI (+1) (Figure 1). During this phase we didn’t 

find an opportune match for 7 patients with CKD. Thus, in the present study 146 patients with CKD 

were enrolled as Cases and 292 without CKD as Controls. Of the 146 with pre-existing CKD, 45 

had a 1-3 stage CKD and 89 a 4-5 stage (Figure 1).  

The demographic, clinical characteristics and laboratory parameters of the Cases and Controls are 

shown in Table 1. In this study only 22 (5.1%) of patients were vaccinated for SARS-CoV-2. 

Considering laboratory parameters, excluding data related to CKD that showed statistical difference 

between groups (creatinine at admission, at nadir and Δ blood creatinine during hospitalization), 

higher serum values in international normalized ratio (INR), alanine amino-transferase (ALT), and 

bilirubin were observed in patients in Control group (Table 2). Moreover, CCI was higher in 

patients with CKD than that observed in those without (median 5, Q1-Q3 4-7 vs 5, Q1-Q3 4-7, 

p=0.006) 

As regard clinical outcome of COVID-19, no differences were observed in the prevalence of 

patients with a moderate and severe clinical outcome between the Cases and Controls (17.1% vs. 

17.8%, p=0.27, and 18.8% and 13.7%, p=0.27, respectively) (Table 2). Similarly, no statistical 

difference was reported in the prevalence of deaths between the two groups (20.9% vs. 28.1%, 

p=0.27) (Table 2).  

In the Table 3, the patients with CKD were divided in two group, the first including the 45 with 

CKD stage 1-3, the latter the 89 with CKD stage 4-5 (Table 3). No statistically significant 

difference was observed in the two groups in the age, the presence of comorbidities and other 

variables (Table 3). However, considering clinical outcome, the prevalence of patients dead during 

hospitalization was statistically higher in patients with CKD stage 4-5 than those with CKD stage 1-

3 (30.3% vs 13.3%, p=0.03) (Table 3) (Figure 2).  

 

 

 



 

 

DISCUSSION 

In the present study performed in seventeen COVID-19 Units in southern Italy we found a rate of 

pre-existing CKD of 8.4% in patients hospitalized for COVID-19. Moreover, in a 1:2 case-control 

study we found that the severity of COVID-19 was similar in patients with pre-existing CKD and in 

those without. Moreover, similar mortality rates were reported among the two groups. 

In our cohort the percentage of CKD in COVID-19 is about 8%, in line with the literature data, in 

fact from the results of a recent meta-analysis and according to a systematic search recently 

published,  the  prevalence of CKD in COVID-19 patients was about 2% [17,18]. 

Some studies have evaluated the severity of COVID-19 in patients with pre-existing CKD showing, 

in contrast with the present study, an association between a pre-existing CKD and severe clinical 

presentation of COVID-19 was observed [6, 19, 20]. For example, in a retrospective study on 836 

patients with COVID-19 (39 with CKD), a pre-existing CKD was identified as an independent risk 

factor for in-hospital death and poor prognosis [6]. Moreover, Flythe et al. analyzed 4,264 COVID-

19 critically ill adults admitted in 68 U.S. intensive care units and found that a pre-existing kidney 

disease was associated with higher in-hospital mortality rates, also according to the degree of 

baseline kidney dysfunction [20]. Different meta-analyses found as people with CKD were more 

likely to develop severe COVID-19 symptoms and may have a higher incidence of death than 

people with CKD without COVID-19 [21-24]. However, these meta-analyses enrolled often 

observational and retrospective studies and in most studies the role of other potential confounder 

factors for severe COVID-19 were not analyzed. In fact, compared to the general population, the 

patients with CKD were generally older and had more and serious co-morbidities, especially 

cardiovascular diseases and diabetes, other factors associated with a more severe clinical 

presentation of COVID-19 [25-28]. To make these variables irrelevant, we designed a pair-matched 

Case-Control study, and for each patient with CKD we chose 2 patients without CKD pair matched 

for sex, age (+5 years) and the number of other co-morbidities except CKD. In our study we did not 

find any association between CKD and poor outcome in COVID-19 patients. Only, when evaluating 



 

 

the different degree of kidney dysfunction (CKD stage 1-3 and 4-5), we found differences in terms 

of death in patients with COVID-19 with CKD stage 4 or 5. This is in line with what some studies 

have reported that dialysis patients had higher risk for in-hospital death, compared to patients 

without pre-existing CKD [18, 29]. For example, in a multicentre, retrospective, observational 

study, involving hospitalized adult patients with COVID-19  the authors compared the outcome of 

patients with CKD Stages 3-5, chronic haemodialysis (HD) and renal transplantation with patients 

without; the patients with stage 3-5 CKD had an in-hospital mortality rate as much as HD patients, 

which may be partly due to similar age and co-morbid burden [29]. Also, in a retrospective cohort 

study on critically ill patients with COVID-19, compared to patients without pre-existing CKD, 

those in dialysis had higher risk for 28-day in-hospital death (adjusted HR, 1.41 [95% CI, 1.09-

1.81]), while patients with non-dialysis-dependent CKD had an intermediate risk (adjusted HR, 1.25 

[95% CI, 1.08-1.44]) [17]. So, probably, neutralizing the confounding variables such as age and co-

morbidity, the patients with end-stage renal disease are actually the ones most at risk for severe 

COVID-19 outcome. Our study shows several limits; first, the retrospective nature of the study; 

second, we evaluated only in-hospital mortality; third, the relatively small sample size of patients 

with CKD enrolled; fourth, despite the impact of vaccination and antivirals on the clinical 

presentation and clinical outcome of COVID-19 the data of antivirals were not available and the 

number of patients enrolled in the present study with vaccination was very low [30,31]. The 

strengths of the study were the multicenter nature of the study and the case-control design, which 

make it possible to look at multiple risk factors at the same time. 

In conclusion, in our study more severe CKD is associated with higher mortality so further research 

is warranted to assess the risk and well elucidate the prognosis and clinical evolution of CKD 

patients with COVID-19, especially in end-stage renal disease, in order to a better risk stratification 

of patients with poor prognosis.  
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Figure 1 - Flow chart of patients enrolled in the study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Figure 2 - Clinical outcomes in different groups of patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 1 - Demographic and clinical characteristics of the patients according to the presence or 

absence of chronic kidney disease. 

Notes: *subjects alive at the end of hospitalization; 
a
chi-square test; 

b
Student-t test; 

c
Mann-Whitney 

U test. 

 Cases 

Patients with CKD 

N=146 

Controls 

Patients without CKD 

N=292 

 

 P value 

Males, N. (%)  95 (65.1) 193 (66.1) 0.831
a 

Age, years,  median (Q1-Q3) 73 (64-82) 70 (62-81) 0.236
b 

Charlson co-morbidity index,  median (Q1-Q3) 5 (4-7) 5 (3-6) 0.006
b 

Days of nasopharyngeal swab for SARS-CoV-2,  

median (Q1-Q3) 

19 (11-28) 18 (12-25) 0.404
c 

Days from symptoms onset to admission, 

median (Q1-Q3) 

4 (1-8) 5 (2-9) 0.322
c 

Median (Q1-Q3) of co-morbidity (excluding 

CKD): 

2 (1-3) 2 (1-3) 0.642
b 

1. With hypertension 92 (64.3) 170 (58.2) 0.221
a 

2. With cardio-vascular disease 81 (55.9) 139 (47.6) 0.104
a 

3. With diabetes 65 (45.1) 119 (40.8) 0.383
a 

4. With chronic obstructive pulmonary 

disease  

27 (18.6) 67 (22.9) 0.300
a 

5. With hepatopathy 10 (7) 22 (7.6) 0.824
a 

6. With malignancy 15 (10.5) 39 (13.4) 0.368
a 

7. With obesity 16 (15) 26 (12.4) 0.523
a 

8. With dementia 8 (5.9) 33 (11.5) 0.071
a 

9. With HIV 2 (1.4) 1 (0.3) 0.212
a 

median (Q1-Q3) white blood cells (WBC) at 

admission 

7390 (4900-11270) 8000(5525-10375) 0.565
b 

median (Q1-Q3) International Normalized 

Ratio (INR) at admission 

1.05 (1-1.17) 1.13 (1.04-1.26) 0.001
c 

median (Q1-Q3) Blood creatinine at admission 3.69 (1.6-6.5) 0.9 (0.74-1.19) <0.001
c 

median (Q1-Q3) Blood creatinine at nadir 4.1 (1.9-7.3) 1 (0.8-1.3) <0.001
c 

median (Q1-Q3) Δ blood creatinine  during 

hospitalization (nadir/admission) 

0 (0-0.6) 0 (0-0.1) 0.001
c 

median (Q1-Q3) creatine-phosphokinase 

(CPK) at admission  

105 (59-207) 81 (55-157) 0.248
c 

median (Q1-Q3) lactico-dehydrogenase (LDH) 

at admission 

291.5 (217.5-448.5) 316.5 (233-450.5) 0.567
c 

median (Q1-Q3) PaO2/FiO2 Ratio (P/F) at 

admission 

193 (118-328) 220 (134-310) 0.783
b 

median (Q1-Q3) AST at admission 28 (18.5-41) 31 (21-47) 0.082
c 

median (Q1-Q3) ALT at admission 21 (13-32) 28 (20-48) <0.001
c 

median (Q1-Q3) Bilirubin at admission 0.4 (0.3-0.58) 0.6 (0.45-0.85) <0.001
c 

N. (%) of patients with mild clinical  outcome   59 (40.4) 126 (43.2) 0.277
a 

N. (%) of patients with moderate clinical  

outcome 

26 (17.8) 50 (17.1) 

N. (%) of patients with severe clinical  outcome 20 (13.7) 55 (18.8) 

N. of deaths (%) 41 (28.1) 61 (20.9) 

Days from admission to discharge*,  median 

(Q1-Q3) 

13 (7-21) 14 (9-22) 0.629
c 

Days from admission to death, median (Q1-Q3) 7 (4-14) 8.5 (5-19.5) 0.280
c 



 

 

Table 2 - Demographic and clinical characteristics of the patients according to the stage of chronic 

kidney disease 

 

 Patients 

with CKD stage 1-3 

N=45 

Patients 

with CKD stage 4-5 

N=89 

P value 

 

Males, N. (%)  30 (66.7) 55 (61.8) 0.580
 a
 

Age, years, median (Q1-Q3) 75 (66-82) 72 (63-81) 0.352
b 

Charlson co- morbidity index, median 

(Q1-Q3) 

5 (3-6.5) 6 (4-7) 0.657
 b
 

Days of nasopharyngeal swab for SARS-

CoV-2,  median (Q1-Q3) 

19.5 (15-26) 19 (9-32) 0.432
 c
 

Days from symptoms onset to admission, 

median (Q1-Q3) 

4 (1-7) 3 (1-8) 0.971
 c
 

Median (Q1-Q3) of co-morbidity 

(excluding CKD): 

2 (1-3) 2 (1-3) 0.847
 b
 

1. With hypertension 30 (68.2) 56 (64.4) 0.664
 a
 

2. With cardio-vascular disease 27 (60) 49 (55.7) 0.634
 a
 

3. With diabetes 17 (38.6) 45 (51.1) 0.175
 a
 

4. With Chronic obstructive 

pulmonary disease 

6 (13.3) 19 (21.6) 0.249
 a
 

5. With liver hepatopathy  4 (9.1) 6 (6.9) 0.655
 a
 

6. With malignancy 7 (15.6) 5 (5.7) 0.060
 a
 

7. With obesity 7 (20) 9 (12.9) 0.337
 a
 

8. With dementia 3 (7) 5 (5.7) 0.784
 a
 

9. With HIV 0 (0) 2 (2.3) 0.314
a 

N. (%) of patients with mild clinical 

outcome  

23 (51.1) 34 (38.2) 0.15
 a
 

N. (%) of patients with moderate clinical 

outcome 

8 (17.8) 18 (20.2) 0.73
 a
 

N. (%) of patients with severe clinical 

outcome 

8 (17.8) 10 (11.2) 0.29
 a
 

N. of deaths (%) 6 (13.3) 27 (30.3) 0.03
 a
 

Days from admission to death, median 

(Q1-Q3) 

10.5 (5-15) 7 (4-14) 0.575
c 

median (Q1-Q3) PaO2/FiO2 Ratio (P/F) at 

admission 

191 (145-300) 204 (110-336.5) 0.994
 b
 

Days from admission to discharge, median 

(Q1-Q3) 

17 (13-24) 11 (6-20) 0.004
c 

median (Q1-Q3) Blood creatinine at 

admission 

1.4 (1.2-1.6) 5.68 (3.77-7.6) <0.001
 c
 

median (Q1-Q3) Blood creatinine at nadir 1.57 (1.28-1.9) 6.21 (4-9.55) <0.001
 c
 

median (Q1-Q3) Δ blood creatinine  

during hospitalization (nadir/admission) 

0.1 (0-0.35) 0 (0-0.8) 0.552
 c
 

eGFR (MDRD) at admission, median (Q1-

Q3) 

42.8 (38.1-59.2) 9 (6.2-13.5) <0.001
 c
 

eGFR (MDRD) nadir during 

hospitalization, median (Q1-Q3) 

39.6 (31.6-52) 8.28 (5.4-12.2) <0.001
 c
 

Δ eGFR (MDRD) during hospitalization 

(nadir/admission), median (Q1-Q3) 

-2.54 (-12.3-0) 0 (-1-0) <0.001
 c
 

Notes: *subjects alive at the end of hospitalization; 
a
chi-square test; 

b
Student-t test; 

c
Mann-Whitney 

U test. 


