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Abstract: COVID-19 remains a major world health problem, and its clinical manifestations can
vary from an oligosymptomatic form to severe pulmonary infection, which can require invasive
ventilation and is strictly related to death. Identifying risk factors for adverse outcomes is essential
for performing adequate care and contrasting high mortality. Chronic kidney disease (CKD) is a
widespread comorbidity and is a known risk factor for death during SARS-CoV-2 infection. The
present study evaluates the death risk assessment during the COVID-19 pandemic in (CKD) patients,
considering the baseline value of an estimated glomerular filtration rate (eGFR) and other possible
risk factors. We retrospectively assessed the mortality risk in 150 patients with COVID-19 between
1 October and 31 December 2020. We evaluated eGFR, haemoglobin, albumin, uric acid, cholesterol,
triglycerides, and significant risk factors, such as diabetes mellitus and cardiovascular disease in
every patient. We had 53 deaths (35.3%) during the observational period, significantly related to age,
eGFR, albumin, and baseline nephropathy. In the multivariable analysis, only baseline eGFR and age
were independent predictors of death during SARS-CoV-2 infection, with an OR equal to 0.96 and
1.067, respectively. In conclusion, by our analysis, age, and the baseline eGFR were the only reliable
predictors of death during COVID-19 in CKD patients.
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1. Introduction

Coronavirus disease (COVID-19) is still a major world health problem, considering
more than 280 million subjects had SARS-CoV-2 infection, of whom more than five million
died [1]. Predictive factors identification remains essential to identify patients with a higher
risk of severe manifestations and mortality.

Chronic kidney disease (CKD) is a widespread morbidity with a global mean preva-
lence of around 13% [2], and it is a progressive disease, classified in five stages of severity
by the estimation of glomerular filtration rate (eGFR) [3]. Usually, CKD patients are asymp-
tomatic. Only stage V CKD patients (eGFR under 15 mL/min/1.73 m2) can present peculiar
symptoms (nausea, vomiting, itch, and asthenia) and biochemical impairment (sodium and
potassium impairment, calcium, and phosphate impairment, anaemia, metabolic acidosis),
which can require replacement therapy, such as haemodialysis, peritoneal dialysis, and
kidney transplantation. Furthermore, CKD is considered the most prevalent risk factor [4]
for developing an adverse outcome, severe pulmonary infection, and death during the
SARS-CoV-2 pandemic. Specifically, a meta-analysis of over 3.5 million patients showed
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an OR for death as high as 5.81 and 8.69 in the all-age and <70 years old CKD patients,
respectively [5]. Furthermore, often CKD is associated with diabetes mellitus and cardio-
vascular disease, which are other prevalent risk factors for death and adverse outcomes
during a SARS-CoV-2 infection [5]. Finally, CKD is related to other conditions such as
ageing, hypertension, and malnutrition [6–9], which usually affects CKD patients’ survival
and could affect the outcome during COVID-19.

Ideally, CKD severity and associated comorbidities could be associated with a different
susceptibility of CKD patients to SARS-CoV-2 infection. Currently, few studies have
evaluated the impact of CKD severity on COVID-19 outcomes. The present study aims to
assess if basal eGFR is a reliable risk factor for predicting adverse results during the COVID-
19 pandemic. Furthermore, we aim to evaluate the possible role of the other conditions
during SARS-CoV-2 infection in CKD patients.

2. Materials and Methods

We performed a retrospective study in all stages of CKD patients who had COVID-19.
Every patient was associated with a unique code (the first three letters of the surname, first
three letters of the first name, followed by 1 for woman and 2 for man and six numbers
for the date of birthdate, and the last three characters of the national health care code) to
permit the identification of medical records and save patient privacy.

The study was carried out at the microbiology department of San Bortolo Hospital,
Vicenza, Italy. All adult patients who had COVID-19 from 1 October to 31 December 2020
were eligible for the study. We randomly selected 30 patients, who belonged to 5 CKD stages:
I-II (reference, eGFR > 61 mL/min/1.73 m2), stage IIIa (eGFR 60–46 mL/min/1.73 m2),
IIIb (eGFR 45–31 mL/min/1.73 m2), stage IV (eGFR 30–16 mL/min/1.73 m2), and V
(eGFR < 15 mL/min/1.73 m2). The exclusion criteria were immunosuppression therapy,
poor prognosis before a SARS-CoV-2 infection, and a previous SARS-CoV-2 positivity.

The detection of SARS-CoV-2 nucleic acids was performed on the Cobas 6800 re-
verse transcription-polymerase chain reaction (RT-PCR) system (Roche Diagnostic GmbH,
Mannheim, Germany) from a nasopharyngeal swab.

In each patient, we evaluated the following baseline parameters: patient’s charac-
teristics (age, gender, type of outpatient clinic, and baseline nephropathy), comorbidity
(cardiovascular disease, diabetes mellitus, liver disease, neoplasms, vascular disease), kid-
ney function by an estimated glomerular filtration rate (eGFR) evaluated by the CKD-EPI
formula 2009, haemoglobin (g/L), albumin (g/dL), cholesterol (mg/dL), triglycerides
(mg/dL), and uric acid (mg/dL) levels.

According to the clinical notices, we recorded data available from one to six months
before a SARS-CoV-2 infection.

Furthermore, for each patient, we evaluated admittance to a high-intensity care unit,
where invasive mechanical ventilation or bi-level positive airway pressure, continuous
positive airway pressure, and high-flow nasal cannula oxygen therapy was provided [10];
admittance to a medium-intensity care ward, where non-invasive respiratory support, such
as a nasal cannula, simple mask, non-rebreather, or Venturi mask was provided [11]. We
focused our analysis on mortality due to COVID-19 as a primary outcome.

Statistical Analysis

All continuous variables were reported as mean and standard deviation (SD) or median
and interquartile range (IQR), as appropriate; categorical variables were described by
number and percentage. The Shapiro–Wilk test tested all variables to evaluate the normal
distribution. Student T, Mann–Whitney U, and chi-square tests were used to compare
continuous and categorical variables, as appropriate. Univariable and multivariable logistic
regression was used to evaluate the association of the covariates to death by the Odds
Ratio (OR). Specifically, all the covariates with a p-value < 0.1 in univariable analysis
were included in the multivariable model. All reported p-values were two-sided, and the
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statistical significance was set at p < 0.05. Statistical analysis was performed with IBM SPSS
version 27 (SPSS Inc., Armonk, NY, USA).

We evaluated the sample size using the OpenEpi calculator (www.OpenEpi.com) on
the basis of the recent report by Carlson et al. [12] comparing the death prevalence in normal
kidney function to the prevalence reported for stage IIIa, IIIb, IV, and V CKD by the Kelsey
formula with 80% power. Specifically, the estimated sample size was 26 subjects for stage IIIa
(eGFR 46–60 mL/min/1.73 m2), 17 subjects for stage IIIb (eGFR 31–45 mL/min/1.73 m2) and
15 subjects for stage IV (eGFR 16–30 mL/min/1.73 m2). Considering the possible covariates
for multivariable analysis, we decided to enrol 150 patients (30 patients as the reference group
without kidney damage and 30 for each stage: IIIa, IIIb, IV, V).

3. Results

The characteristics of the 150 analysed patients are summarised in Table 1. During
three months of observation, 16 (10.6%) were admitted into high-intensity care wards,
24 (16%) into medium-intensity care wards, and 5 (3.3%) into low-intensity care wards. On
the whole, 53 patients (34.1%) died for COVID-19, of whom 8 (15%) died at home, and
45 (85%) died after hospital admission. The patients who died were significantly older,
with a worse baseline kidney function evaluated by eGFR and lower baseline albumin
levels (Table 1). Specifically, baseline eGFR values were significantly lower in those patients
who died 22 (IQR:12–42) mL/min/1.73 m2 vs. 44 (IQR:22–59) mL/min/1.73 m2 in those
patients who survived; p < 0.001)

Table 1. Characteristic of all populations, and according for death during COVID-19.

Variable All Population (150) COVID-19 Survivals (97) COVID-19 Deaths (53) p Values

Males (%) 52.2 49.5 57.4 0.4

Diabetes mellitus (%) 39.9 34.1 51.1 0.1

Cardiovascular disease (%) 56.5 50.5 68.1 0.1

Neoplasm (%) 20.3 17.6 25.5 0.4

Liver disease (%) 7.2 9.9 8.5 0.7

Baseline nephropathy: 13 8.8 21.3 <0.001 *
Diabetic nephropathy (%) 10.1 13.1 4.3
Glomerulonephritis (%) 31.2 39.6 14.9
Hypertensive nephropathy (%) 2.2 3.3 0
Kidney stone (%) 5.1 5.5 4.3
PKD a (%) 4.3 4.4 4.3
Chronic Obstructive (%) 4.3 3.3 6.4
Drug related (%) 13 9.9 19.1
Vascular disease (%) 5.8 6.6 4.2
Others (%) 10.9 5.5 21.3
Unknown (%) 13 8.8 21.3

Age (years) 77 (67–85) 75 (62–83) 82 (75–88) <0.001 *

eGFR (mL/min/1.73 m2) 33 (15.7–52.2) 44 (62–83) 22 (12–42) <0.001 *

Haemoglobin (g/L) 120 ±21.8 121 ±24.5 117 ±15 0.3

Albumin (g/dL) 4.1 (3.6–4.3) 4.2 (3.9–4.3) 3.7 (3.5–4.1) 0.02 *

Cholesterol (mg/dL) 125 (258–200.7) 161 (125.5- 203.5) 154 (125–171) 0.2

Triglycerides (mg/dL) 130 (96.7–193) 139 (87.7–192.2) 120 (102–195) 0.9

Uric Acid (mg/dL) 6.5 (5.5–7.8) 6.3 (5.25–7.2) 7.3 (5.87–9.5) 0.06
a PKD = Polycystic Kidney Disease. * Statistically significant.

www.OpenEpi.com
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Table 2 summarises univariable analysis for the prediction of death. Baseline eGFR was
significantly associated with death (OR = 0.97; p < 0.001), as well as older age (OR = 1.051,
p < 0.001), and albumin level (OR 0.29; p = 0.04).

Table 2. Univariable analysis.

Covariate OR 95% CI ˆ of OR p Values

Age (continuous) 1.05 1.023–1.097 <0.001 *

Gender 0.725 0.35–1.47 0.4

Cardiovascular disease 2.04 0.97–4.27 0.06

Diabetes mellitus 1.98 0.98–4.07 0.06

Baseline eGFR (continuous) 0.97 0.95–0.98 <0.001 *

Haemoglobin (continuous) 0.98 0.95–1.002 0.1

Albumin (continuous) 0.294 0.093–0.93 0.04 *

Cholesterol (continuous) 0.994 0.98–1.003 0.1

Triglycerides (continuous) 0.999 0.99–1.005 0.8

Uric acid (continuous) 1.185 0.99–1.415 0.1
ˆ CI Confidence Interval * Statistically significant.

Table 3 summarises multivariable analysis for the prediction of death. Finally, the age
(OR = 1.067; p = 0.02) and baseline eGFR (OR = 0.96; p = 0.03) were independent predictors
of death for COVID-19 in CKD patients.

Table 3. Multivariable analysis.

Covariate OR 95% CI ˆ of OR p Values

Age (continuous) 1.067 1.01–1.128 0.02 *

Cardiovascular disease 0.65 0.146–2.95 0.6

Diabetes mellitus 1.34 0.37–4.82 0.6

eGFR (continuous) 0.96 0.92–0.99 0.03 *

Albumin (continuous) 0.28 0.075–1.057 0.1
ˆ CI Confidence Interval * Statistically significant.

4. Discussion

We showed age and the baseline eGFR were the only reliable predictors of death
during COVID-19 in CKD patients. Our results not only supported the previous studies,
which showed how CKD is a risk factor for death during COVID-19 but showed the peculiar
meaning of eGFR (OR 0.96) in positive CKD patients. Our data showed eGFR was a reliable
risk factor addressed to death during COVID-19 in a cohort of patients with different stages
of CKD and was followed by nephrology. Furthermore, we confirmed patient age as an
independent predictor of death with SARS-CoV-2 infection (OR 1.067). In contrast, we did
not observe any significant risk increment in diabetes mellitus and cardiovascular patients.

Our study showed the value of eGFR in the death risk assessment for the CKD
population for the first time. Previous studies (16,17,18) had shown how the presence of
CKD or renal replacement therapy was a risk factor for death during COVID-19, but no
studies addressed to assess the baseline value of eGFR in CKD patients from stage III to
stage V. Only Carlson et al. (12) analysis reported the vulnerability to COVID-19 in CKD
according to the five stages. They showed how the risk of death is directly associated
with the increasing CKD stage. Our results moved in the same direction, but we showed
the weight of every mL/min/1.73 m2 eGFR decrease on death risk in CKD patients.
Furthermore, we considered baseline eGFR in a specific period from one to six months
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before COVID-19, whereas Carlson considered the eGFR until seven days before COVID-19
without any further details. Consequently, baseline eGFR can suffer from SARS-CoV-2
infection if the sample was obtained 7 days before the COVID-19 diagnosis or can suffer
from the lack of reliability if the sample was obtained years before COVID-19.

Conversely, our series did not corroborate that diabetes mellitus and cardiovascular
disease were independent predictors of death during COVID-19. Those results seem
conflicting, with respect to other reports. We would like to underline some considerations
about this discrepancy. Our study intended to assess the meaning of eGFR in COVID-19
mortality risk in CKD patients, so a relatively small number of cases could dilute the
meaning of other conditions. Furthermore, diabetes mellitus and cardiovascular disease
are usually higher prevalent comorbidities in CKD patients and this could cause their
predictive value in the CKD population to decrease or even be lost. However, future studies
need to explore this hypothesis.

Our results corroborated the previous results on the death rate estimated between
15 and 45% [13–16] and the prevalence of admission in intensive care units [17,18] for
CKD patients.

The present study had some limitations. First and foremost, the retrospective study
design. Second, the study enrolled patients in a single centre. Third, all patients were
followed in the nephrology department, especially in stages IV and V of CKD, which
could mean a higher standard of care and prompt intervention, thus ideally affecting the
primary outcome.

5. Conclusions

The present study corroborated previous reports showing how CKD is a significant
risk factor for COVID-19 death and evaluated the value of eGFR in assessing death risk
during COVID-19. Furthermore, it suggested how the other risk factors, such as diabetes
mellitus and cardiovascular disease could change the impact in CKD patients.
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