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Abstract

Background: The extent to which patients with End-stage renal disease (ESRD) are at a higher risk of COVID-19-
related death is still unclear. Therefore, the aim of this study was to identify the ESRD patients at increased risk of
COVID-19 -related death and its associated factors.

Methods: This retrospective cohort study was conducted on 74 patients with ESRD and 446 patients without ESRD
hospitalized for COVID-19 in Alborz province, Iran, from Feb 20 2020 to Apr 26 2020. Data on demographic factors,
medical history, Covid-19- related symptoms, and blood tests were obtained from the medical records of patients
with confirmed COVID-19. We fitted univariable and multivariable Cox regression models to assess the association
of underlying condition ESRD with the COVID-19 in-hospital mortality. Results were presented as crude and
adjusted Hazard Ratios (HRs) and 95% confidence intervals (CIs). In the ESRD subgroup, demographic factors,
medical history, symptoms, and blood parameters on the admission of survivors were compared with non-survivors
to identify factors that might predict a high risk of mortality.

Results: COVID-19 patients with ESRD had in-hospital mortality of 37.8% compared to 11.9% for those without
ESRD (P value < 0.001). After adjusting for confounding factors, age, sex, and comorbidities, ESRD patients were
more likely to experience in-hospital mortality compared to non-ESRD patients (Adjusted HR (95% CI): 2.59 (1.55–
4.32)). The Log-rank test revealed that there was a significant difference between the ESRD and non-ESRD groups in
terms of the survival distribution (χ2 (1) = 21.18, P-value < 0.001). In the ESRD subgroup, compared to survivors, non-
survivors were older, and more likely to present with lack of consciousness or O2 saturation less than 93%; they also
had lower lymphocyte but higher neutrophil counts and AST concentration at the presentation (all p –values <
0.05).
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Conclusions: Our findings suggested that the presence of ESRD would be regarded as an important risk factor for
mortality in COVID-19 patients, especially in those who are older than age 65 years and presented with a lack of
consciousness or O2 saturation less than 93%.

Keywords: COVID-19, Death, End‐stage renal disease, Kidney failure diseases, Risk factors

Background
The Coronavirus disease 2019 (COVID-19) has rapidly
spread in nearly three months after the discovery of its
causative agent, severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2), leading to the ongoing pan-
demic [1]. While males and females of all ages have
presented with COVID-19, the majority of severe cases
and fatalities have occurred in a specific proportion of
patients, including the elderly and those with chronic
underlying conditions up to now [2–4].
Patients with end-stage renal disease (ESRD) are more

likely to develop COVID-19 than the general population
due to a weak immune system and regular presence at
the healthcare facilities [5, 6].On the other hand, these
patients, who are often elderly with several underlying
conditions, are supposed to be more susceptible to the
poor outcomes of COVID-19 [7, 8].
Overall, ESRD has not been identified as a main pre-

diction factor for poor outcomes in patients with
COVID-19 in most previous studies [2, 9]. The lack of
the presence of kidney failure diseases among the prog-
nostic factors of COVID-19 may be misinterpreted that
these patients are not mainly at a higher risk for the
poor outcomes of COVID-19 [6]. In other words, there
is still insufficient evidence regarding the prognostic im-
pact of ESRD on COVID-19 patients [6]. Accordingly,
the objectives of this study were to: 1) identify the extent
to which ESRD patients are at a higher risk of COVID-
19 in-hospital mortality and (2) determine the risk fac-
tors associated with the COVID-19 in-hospital mortality
in ESRD patients.

Methods
The study population
In this retrospective cohort, the medical records of 640
patients aged 18 years or older hospitalized for COVID-
19 in Alborz province, Iran, from Feb 20, 2020, to Apr
26, 2020, were assessed for ESRD status. Among all
assessed medical records, a total of 74 patients were
ESRD, 446 patients were without ESRD, and the ESRD
status in 120 patients was unclear. We excluded patients
with unknown ESRD status (120 patients) from this
study. Also, none of the patients without ESRD were
with CKD.

Data collection
Data on demographic factors, medical history, Covid-19-
related symptoms, and laboratory tests were extracted
from the medical records of inpatients with confirmed
Covid-19 by trained researchers.
Blood parameters including the counts of white blood

cell (WBC), neutrophils, and lymphocytes, serum con-
centrations of creatinine, lactate dehydrogenase (LDH),
albumin, aspartate and alanine transaminases (AST,
ALT), hemoglobin (Hb), Erythrocyte Sedimentation Rate
(ESR), and prothrombin time (PT) of patients on the
first day of hospital admission were measured with com-
mercial kits.
In addition, the pharyngeal swab specimens of all pa-

tients were collected and examined in predetermined la-
boratories across the province to detect SARS-CoV-2
viral nucleic acid using real-time polymerase chain reac-
tion (RT –PCR) assay.

Diagnosis of COVID-19
In this study, COVID-19 diagnosis was confirmed using
one of the following criteria: (1) a positive RT–PCR re-
sult or (2) a positive pulmonary abnormality on chest
CT based on the radiological criteria of COVID-9
infection.

Definition of variables and outcomes
ESRD was defined by self-report of receipt of
hemodialysis, peritoneal dialysis, or being a candidate for
renal transplant. A Glasgow scale (GCS) of 8 or less was
considered as “lack of consciousness.” Comorbidities
were determined based on the patient’s self-report on
admission. Comorbidities were initially treated as a cat-
egorical variable (yes vs. no) and then classified based on
the absolute number of them (with one, two, or ≥ three
comorbidity (ies). Furthermore, we entered important
comorbidities, including diabetes mellitus (DM), hyper-
tension (HTN), and cardiovascular disease (CVD) as well
as other diseases (such as osteoarthritis, cancers, im-
munodeficiency disorders, and chronic disease of blood,
liver, or respiratory).
The end-point of our study was discharged as cured

(survivors) or dead (non-survivors). Patients were dis-
charged from the hospital if they met the following cri-
teria: lack of fever for at least 72 h, clinical alleviation of
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respiratory symptoms, and improvement in pulmonary
abnormalities on chest CT imaging.

Statistical analyses
Demographic, clinical, and laboratory data in the study
groups were summarized using descriptive statistics,
mean (standard deviation (SD)) or median (interquartile
range (IQR)) for continuous variables and frequency
(percentage) for categorical variables. Characteristics of
ESRD and non-ESRD groups as well as survivors and
non-survivors in ESRD group, were compared using
two-tailed t-tests, Mann–Whitney U tests, Fisher exact,
or chi-square tests, as appropriate.
Univariable and multivariable Cox regression models

were applied to assess the association of underlying con-
dition ESRD with the COVID-19 in-hospital mortality
of. Of the covariates assessed, those with a P-value ≤ 0.2
based on a univariate test were included in the multivar-
iable Cox model as a potential confounder. Results were

presented as crude and adjusted Hazard Ratios (HRs)
and 95% confidence intervals (CIs).
A log-rank test was also performed to detect if there

were differences in the survival distribution between
ESRD and non-ESRD groups. In both groups, patients
were right censored at discharge time from the hospital.
Statistical significance was defined as a two-tailed P-

value < 0.05. All statistical analyses were performed using
SPSS version19.0, (SPSS Chicago, IL, USA).

Results
A total of 74 patients with ESRD and 446 patients with-
out ESRD hospitalized for COVID-19 were included in
this study. In the ESRD group, all patients were on
hemodialysis at the time of admission; 12 (16.2%) of
them were renal transplant candidates.
Table 1 presents the general characteristics and

disease-related symptoms in the study groups. There
was no statistically significant difference between the

Table 1 General characteristics and disease-related symptoms in patients with and without ESRD

Characteristics ESRD
N = 74

Non-ESRD
N = 446

P-value

Age (year), Mean (SD) 63.2 (15.1) 60.1 (18.7) 0.167

Age ≥ 65 years, % (N) 52.7% (39) 42.8% (191) 0.113

Gender Male, % (N) 68.9% (51) 45.3% (202) < 0.001

Symptoms, % (N)

Caught 37.1% (27) 45.3% (202) 0.224

Fever 40.3% (30) 35.7% (159) 0.473

Shortness of breath 62.9% (46) 59.0% (263) 0.554

Tiredness 21.0 % (15) 26.2% (117) 0.373

Being Ventilated on admission% (N) 28.4% (21) 9.2% (41) <0.001

O2 saturation <93%
% (N)

56.8% (42) 53.6% (239) 0.612

Lack of consciousness 16.1% (12) 7.8% (35) 0.032

Comorbidities

HTN 55.4% (41) 24.4% (109) <0.001

DM 47.3% (35) 20.2% (90) <0.001

CVD 29.7% (22) 17.3% (77) 0.011

Other comorbiditiesa 10.8% (10) 9.4% (42) 0.706

Number of comorbidities

No comorbidity 21.6% (16) 56.5% (252) <0.001

1 29.7% (22) 22.6% (101)

2 33.8% (25) 13.2% (59)

≥ 3 14.9% (11) 7.6% (34)

Length of the hospital stay (days), Median (IQR) 2 (0-5) 3 (1-6) 0.298

Time to the death (days)
Median (IQR)

6 (1-12) 5 (1-13) 0.880

DM Diabetes Mellitus, CVD Cardiovascular disease, ESRD End-stage renal disease, HTN Hypertension, IQR Inter quartile range
a Rheumatoid arthritis, cancer, immunodeficiency, and chronic disease of blood, liver, or respiratory system
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ESRD and non-ESRD groups in terms of age, but the
proportion of males was significantly greater in the
ESRD group. The most common complaints at the pres-
entation in both groups were shortness of breath,
followed by fever/cough, and tiredness. While comorbid-
ities such as HTN, DM, and CVD were more frequent in
the ESRD group than non-ESRD group (all p-value <
0.05), the most common underlying condition was HTN
in both groups, accounting for over 55.4% in the ESRD
group and 24.4% in non-ESRD group.
Patients with ESRD were more likely to present with a

lack of consciousness (16.1% vs. 7.8%, P-Value = 0.032),
and receive invasive mechanical ventilation (28.4% vs.
9.2%, p-value < 0.001) on admission than patients with-
out ESRD. In the subgroup of survivors, no significant
difference was observed between the ESRD and non-
ESRD groups with respect to the length of the hospital
stay (median (IQR), days: 2 (0–5) vs. 3 (1–6), respect-
ively) and the time interval from the admission to the
death (median (IQR), days: 6 (1–12) vs. 5 (1–13), re-
spectively). (both p-values > 0.05) (Table 1).
Rate of in-hospital mortality was higher in COVID-19

patients with ESRD (37.8% (28)) vs. than those without
ESRD (11.9% (53)) (p-value < 0.001).
Table 2 shows laboratory findings of admission in patients

with and without ESRD. A higher neutrophil count (median
(IQR): 7.9 (7.06–8.8) vs. 7.3 (6.3–8.1) ), ESR values (54.0
(26.0-74.5) vs. 35.5 (19.0–64.0)), serum creatinine (6.1 (4.5–

8.4) vs. 1.0 (0.8–1.3)) and potassium concentrations (5.0
(4.4–5.3) vs. 4.2 (3.9–4.5)), a longer PT time (14.0 (13.5–
16.0) vs. 13.5 (13.0–14.0)) was found in ESRD patients com-
pared to non-ESRD patients, but a lower concentration of
RBC (3.87 (3.16–4.55) vs. 4.63 (4.25–5.16)) and Hb (11.8
(9.4–13.7) vs. 13.1 (11.8–14.6)) was observed in ESRD pa-
tients compared to non-ESRD patients (all P-values < 0.05).
Results from univariate Cox regression analysis

showed that ESRD patients had a higher COVID-19 in-
hospital mortality than non-ESRD patients (Crude HR
(95% CI): 2.80 (1.76–4.43)). This finding was also ob-
served in the multivariate Cox regression analysis after
considering potential confounders age and sex, and DM,
CVD, HTN, and other comorbidities (Rheumatism, can-
cer, immunodeficiency, and chronic disease of blood,
liver, or respiratory system) (Adjusted HR (95% CI): 2.59
(1.55–4.32)) (Table 3).
Based on log-rank test results, a statistically significant

difference was found between ESRD and non-ESRD
groups in terms of the survival distribution (χ2 (1) =
21.18, P-value < 0.001) (Fig. 1).
In ESRD group, non-survivors were significantly

older (mean (SD) age: 70.1 years (12.4) vs. 59.1
(15.3); P = 0.002). Non-survivors were more likely to
present with lack of consciousness, have O2 satur-
ation less than 93%, and receive invasive mechanical
ventilation than survivors (all p –values < 0.05). The
frequency of the comorbidities of HTN, DM, and

Table 2 Laboratory findings on admission and presence of the comorbidities in the study population by ESRD status

Characteristics ESRD
Median (IQRa)

Non- ESRD
Median (IQRa)

P-value

WBC count, × 109 per L, 9.4 (6.5–14.0) 8.1 (5.6–11.1) 0.058

Lymphocyte count,× 109/L 1.51(0.98–2.23) 2.00 (1.21–2.80) 0.065

Neutrophils, ×109/L 7.9 (7.06–8.8) 7.3 (6.3–8.1) 0.005

Hb, g/dL 11.8 (9.4–13.7) 13.1 (11.8–14.6) 0.008

RBC, million/mm3 3.87 (3.16–4.55) 4.63 (4.25–5.16) < 0.001

Platelet counts, ×103/Ml 188.5(139.5-240.5) 213.0 (165.0-264.5) 0.224

AST, U/L 32 (22–51) 34 (25–49) 0.897

ALT, U/L 27 (18–37) 26 (18–44) 0.569

Creatinine, mg/dl 6.1 (4.5–8.4) 1.0 (0.8–1.3) < 0.001

PT, s 14.0 (13.5–16.0) 13.5 (13.0–14.0) 0.004

ESR, mm/h 54.0 (26.0-74.5) 35.5 (19.0–64.0) < 0.009

CRP, mg/l 25.0 (4.0–75.0) 15.7 (3.1–61.5) 0.047

LDH, U/L 461 (374–732) 405 (329–549) 0.226

CPK, U/L 76.0 (45.0-237.0) 73.5 (14.3–135.7) 0.802

Sodium (Na), mmol/L 135 (130–139) 136 (133–138) 0.265

Potassium (K), mmol/L 5.0 (4.4–5.3) 4.2 (3.9–4.5) < 0.001

ESRD End-Stage Renal Disease, ALT Alanine transaminases, AST Aspartate transaminases, CRP C-reactive protein, CPK Creatine phosphokinase, ESR Erythrocyte
Sedimentation Rate, Hb Hemoglobin, LDH Lactate Dehydrogenase, PT Prothrombin Time, RBC Red Blood Cell, WBC White Blood Cell
aIQR Inter quartile range
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CVD were similar between survivors and non-
survivors. (all p –values > 0.05) Also, a lower
lymphocyte count (median (IQR): 1.80 (1.00-2.50) vs.
1.20 (0.67–2.20), ×109/L; P-value = 0.049) was found
in non-survivors compared to survivors, but a higher
neutrophil count (8.5 (7.8-9.0) vs. 7.5 (6.9–8.5),
×109/L; P-value = 0.015) and AST concentration (44.0
(28.5–68.3) vs. 29.0 (20.6–39.0), U/L; P-value = 0.042)
was observed in non-survivors compared to survi-
vors. (Table 4)In univariate logistic regression model,
age, Spo2 < 93%, lack of consciousness, and labora-
tory parameters, the count of WBC, lymphocytes,
and neutrophils were significantly associated with
COVID-19-related death in ESRD patients (All p
values < 0.05). In the multivariate model, only po2 <
93% remained significant (OR: 6.63, P-value: 0.016)

Discussion
In this retrospective observational study, we investigated
the prognostic impact of the ESRD- related Death in pa-
tients hospitalized with COVID-19. We showed that

COVID-19 patients with ESRD had a higher in-hospital
mortality rate than non-ESRD patients, even after adjust-
ing for potential confounders, including age, sex, and
comorbidities.
According to the results of a systematic review by

Oyelade et al., the mortality rate was reported as
53.3% in CKD patients [10]. In the present study, the
mortality rate in ESRD patients was 38%. Concordant
with previous studies [11–14], the fatality rate of
COVID-19 in ESRD patients was much higher than
the general population. This could be partly explained
by immune system dysfunction and high frequency of
underlying comorbidities like hypertension, CVD, and
diabetes in ESRD patients [15], although we observed
the association between ESRD and high mortality
even after adjusting for comorbidities. Generally,
chronic kidney disease (CKD) is associated with an
increased risk of pneumonia and a high pneumonia-
related mortality rate [16, 17]. Moreover, the results
of two recent meta-analyses revealed a significant as-
sociation between preexisting CKD and severe
COVID-19 [18, 19]. CKD has been associated with

Table 3 Prognostic impact of ESRD for the death of the COVID-19: COX Regression Analysis

Variable Model Ia Model II b Model III c

Crude HR (95% CI) Adjusted HR(95% CI) Adjusted HR (95% CI)

ESRD 2.80 (1.76-4.43) 2.52 (1.57-4.04) 2.59 (1.55-4.32)

HR Hazard Ratio, CI Confidence Interval, ESRD End-Stage Renal Disease
aCrude model
b Adjusted for age and sex
c Adjusted for age and sex
Diabetes mellitus, cardiovascular disease, hypertension, and other comorbidities (Rheumatoid arthritis, cancer, immunodeficiency, and chronic disease of blood,
liver, or respiratory system)

Fig. 1 Survival curve in patients with COVID-19 by ESRD status (Kaplan Meier & log rank test)
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inflammatory status and impaired immune system
[20]. Besides, as a result of over-expression of ACE2
receptor in the tubular cells of patients with CKD,
the COVID-19 disease severity, and worse prognosis
in these patients could be explained [21, 22].
In infected patients with ESRD, we compared clinical

and laboratory characteristics between survivors and
non-survivors to identify the risk factors associated with
mortality. Non-survivors were significantly older, more
likely to present lack of consciousness and O2 saturation

less than 93%, and receive invasive mechanical ventila-
tion than survivors; all these issues showed the worse
general health in non-survivors. Moreover, non-
survivors had lower lymphocyte count and higher neu-
trophil count and AST concentration compared to survi-
vors. Abnormal liver enzyme concentration could be due
to the systemic inflammation induced by the virus. Not-
ably, older age is not specific for the ESRD patients, and
it has been reported as a prognostic factor of death in
the whole COVID-19 patients. In general, the prevalence

Table 4 General characteristics and disease-related symptoms in ESRD patients by survival status

Characteristics Survivors
N = 46

Non-Survivors
N = 28

P-value

Age (year), Mean (SD) 59.1 (15.3) 70.1 (12.4) 0.002

Age≥ 65 years, % (N) 39.1% (18) 75% (21) 0.004

Gender Male, % (N) 60.9% (28) 82.1% (23) 0.072

Receiving invasive mechanical ventilation on admission% (N) 2.2% (1) 71.4% (20) < 0.001

O2 saturation < 93%
% (N)

41.3% (19) 82.1% (23) 0.001

Lack of consciousness 7.7% (4) 30.4% (8) 0.030

Comorbidities

HTN 54.3% (25) 57.1% (16) 1.00

DM 41.3% (19) 57.1% (16) 0.233

CVD 26.1% (12) 35.7% (10) 0.437

Other comorbiditiesa 13.0% (6) 7.1% (2) 0.702

Laboratory findings (Median (IQR))

WBC count, × 109 per L, 9.4 (6.5–14) 9.6 (5.7–13.8) 0.735

Lymphocyte count,× 109/L 1.80 (1.00-2.50) 1.20 (0.67–2.20) 0.049

Neutrophils, ×109/L 7.5 (6.9–8.5) 8.5 (7.8-9.0) 0.015

AST, U/L 29.0 (20.6–39.0) 44.0 (28.5–68.3) 0.042

ALT, U/L 22.0 (15.5–37.0) 31.2 (23.7–37.0) 0.349

Creatinine, mg/dl 6.9 (4.8–9.1) 5.5 (4.3–7.6) 0.109

Hb, g/dL 10.7 (8.6–13.4) 12.3 (10.1–13.8) 0.190

RBC, million/mm3 3.8 (3.1–4.4) 3.9 (3.2–4.8) 0.919

MCV, fl. 87.9 (82.5–97.9) 86.6 (83.1–98.7) 1.00

MCH, pg 29.0 (27.3–31.0) 28.0 (26.8–32.1) 0.756

Platelet counts, ×103/Ml 181.0 (125.5–248.0) 192.0 (163.5-236.5) 1.00

LDH, U/L 441.5 (342.5-591.7) 571.0 (410.0 -798.0) 0.695

ESR, mm/h 54.0(35.0–70.0) 48.0 (24.7–83.0) 0.867

CRP, mg/l 23.5 (3.0–75.0) 32.6 (15.0–79.0) 0.484

CPKk, U/L 68.5 (46.5-134.5) 136.0 (45.0-287.7) 0.372

Urea, 105.0 (92.0-183.0) 106.0 (24.0-157.0) 1.00

Sodium (Na), mmol/L 135.0 (128.8-137.5) 133.0 (130.0-142.5) 0.804

Potassium (K), mmol/L 5.1 (4.5–5.4) 4.8 (4.2–5.2) 0.134

PT, S 14.0 (13.5–16.2) 14.0 (13.5–15.5) 0.804

IQR Inter quartile range, DM Diabetes Mellitus, HTN Hypertension, CVD Cardiovascular Disease, ESRD End-Stage Renal Disease, ALT Alanine transaminases,
AST Aspartate transaminases, CRP C-reactive protein, CPK Creatine phosphokinase, ESR Erythrocyte Sedimentation Rate, Hb Hemoglobin, LDH Lactate
DeHydrogenase, PT Prothrombin Time, RBC Red Blood Cell, WBC White Blood Cell, MCH Mean Corpuscular Hemoglobin, MCV Mean Corpuscular Volume
a rheumatoid arthritis, cancer, immunodeficiency, and chronic disease of blood, liver, or respiratory system
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of comorbidities is higher in older ages and the function
of the immune system is weaker in this group [23, 24].
Consistent with previous findings [11], lymphopenia

was a parameter associated with poor prognosis of
COVID-19 disease in hemodialysis patients, which could
be related to the disturbed immune function as an
underlying mechanism. Goicoechea et al. conducted a
study on hemodialysis patients of a single center in
Spain and reported longer time on hemodialysis, low
lymphocyte count, and high LDH levels as main predic-
tors of mortality in infected patients [11]. In a report
from four dialysis centers in Italy, the mortality rate of
hospitalized COVID-19 patients was reported around
42%, near to our observation. Moreover, a high concen-
tration of CRP as an inflammatory indicator and poor
immune function was associated with death and a high
concentration of AST was a risk factor for acute respira-
tory distress syndrome in these patients [14].
Comparison between the ESRD and non-ESRD groups

showed that the proportion of males, frequency of lack
of consciousness, and comorbidities, including HTN,
DM, and CVD, and need to receive invasive mechanical
ventilation were significantly higher in the ESRD group.
It has been reported that the comorbidities associated
with a high risk of COVID-19-related death are common
in patients with CKD [14]. Notably, some symptoms of
COVID-19 disease are not distinguishable from other
symptoms common among patients on dialysis [25].
Regarding the laboratory findings of admission, pa-

tients with ESRD had a higher neutrophil count, ESR
value, serum creatinine and potassium concentrations,
longer PT time, while lower RBC and Hb compared to
non-ESRD patients. Although previous reports declared
that hemodialysis patients infected with COVID-19 pre-
sented less lymphopenia, the lower serum concentration
of inflammatory cytokines, and milder clinical symptoms
in comparison with other COVID-19 patients due to the
uremia status [25, 26], we observed greater neutrophil
count, CRP concentration and ESR value as well as
lower lymphocyte count in the ESRD group.
This study has some limitations. First, due to the

retrospective nature of the present study, we could
not collect pre-hospital status including nutritional
status and all laboratory tests for all patients evaluat-
ing their roles in in-hospital death. Second, we cannot
rule out the confounding effects of the drugs which
have been used for COVID-19 treatment during
hospitalization as evidence suggests that some of the
antiviral drugs may cause renal tubular dysfunction
[27]. We also have no data regarding treatment regi-
mens and use of antagonists on renin-angiotensin al-
dosterone system during the hospital stay of patients.
Furthermore, some other non-host factors relevant to
COVID-19 infection have been missed. Moreover, it

should be noted that we gathered data regarding
ESRD infected patients who needed hospital admis-
sion, and we have no view about the patients treated
in the outpatient setting, which can affect the
generalizability of results. So this issue should be
taken into account when interpreting the results.

Conclusions
The presence of ESRD would be regarded as an im-
portant risk factor for mortality in COVID-19 pa-
tients, and extra precautions should be taken by these
patients. The most important clinical implication of
this study is that physicians and healthcare providers
should closely monitor and manage these vulnerable
patients.

Abbreviations
COVID-19: Coronavirus disease 2019; SARS-CoV-2: Severe acute respiratory
syndrome coronavirus 2; ESRD: End-stage renal disease; WBC: White blood
cell; LDH: Lactate dehydrogenase; AST: Aspartate transaminases; ALT: Alanine
transaminases; Hb: Hemoglobin; ESR: Erythrocyte Sedimentation Rate;
PT: Prothrombin time; RT–PCR: Real-time polymerase chain reaction;
DM: Diabetes mellitus; HTN: Hypertension; CVD: Cardiovascular disease;
SD: Standard deviation; IQR: Interquartile range; HRs: Hazard Ratios

Acknowledgements
Researchers appreciated Clinical Research Development Center of Kamali
and Shahid Rajaee Hospitals covered by Alborz University of Medical
Sciences.

Authors’ contributions
HR, H-SE, MQ, and RT had the idea for and designed the study and had full
access to all of the data in the study and take responsibility for the integrity
of the data and the accuracy of the data analysis. HR, H-SE, AS, GSh and RT
drafted the paper. ESh, AS, Z.Kh, NSh, MR, AZ, MN and MMN collected the
data. GSh, MA, FK, and HR did the analysis, and all authors critically revised
the manuscript for important intellectual content and gave final approval for
the version to be published. All authors agree to be accountable for all as-
pects of the work in ensuring that questions related to the accuracy or integ-
rity of any part of the work are appropriately investigated and resolved.

Funding
Alborz University of Medical Sciences provided research funding and allowed
us to collect data from medical records. The funders had no role in study
design, and analysis, and decision to publish, or preparation of the
manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
The study protocol and data application was approved by the Research
Ethics Committee of Alborz University of Medical Sciences (ABZUMS). As the
data were obtained retospectivly from patient records and the requirement
waived for obtaining informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Social Determinants of Health Research Center, Alborz University of Medical
Sciences, Karaj, Iran. 2Endocrinology and Metabolism Research Center,
Endocrinology and Metabolism Clinical Sciences Institute, Tehran University

Rastad et al. BMC Nephrology           (2021) 22:33 Page 7 of 8



of Medical Sciences, Tehran, Iran. 3Obesity and Eating Habits Research
Center, Endocrinology and Metabolism Clinical Sciences Institute, Tehran
University of Medical Sciences, Tehran, Iran. 4Chronic Diseases Research
Center, Endocrinology and Metabolism Population Sciences Institute, Tehran
University of Medical Sciences, Tehran, Iran. 5Student Research Committee,
Alborz University of Medical Sciences, Karaj, Iran. 6Non-communicable
Diseases Research Center, Alborz University of Medical Sciences, Karaj, Iran.
7Clinical Research Development Center of Kamali hospital, Alborz University
of Medical Sciences, Karaj, Iran. 8Cardiovascular Research Center of Rajaei,
Alborz University of Medical Sciences, Karaj, Iran. 9Clinical Research
Development Center of Rajaei, Alborz University of Medical Sciences, Karaj,
Iran. 10Dietary Supplements and Probiotic Research Center, Alborz University
of Medical Sciences, Karaj, Iran.

Received: 1 July 2020 Accepted: 23 December 2020

References
1. Worldometer. COVID-19 coronavirus pandemic. 2020. https://www.

worldometers.info/coronavirus. Accessed 2 May 2020.
2. Guan W-j, Ni Z-y, Hu Y, et al. Clinical characteristics of coronavirus disease

2019 in China. N Engl J Med. 2020;382(18):1708–20.
3. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of

adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort
study. Lancet. 2020;395(10229):1054–62.

4. Huang Y, Lu Z, Li R, et al. Does comorbidity increase the risk of patients
with COVID-19: evidence from meta-analysis. Aging. 2020;12(7):6049–57.

5. Park H, Lee Y, Lee S, et al. Korean Society of Nephrology MERS-CoV Task
Force Team: Middle East respiratory syndrome clinical practice guideline for
hemodialysis facilities. Kidney Res Clin Pract. 2017;36:111–6.

6. Abdelaziz TS. Kidney Diseases and COVID-19 Pandemic–A Review Article.
Open Access Maced J Med Sci. 2020;8(T1):103–8.

7. Gallieni M, Sabiu G, Scorza D. Delivering safe and effective hemodialysis in
patients with suspected or confirmed COVID-19 infection: a single-center
perspective from Italy. Kidney360. 2020;1(5):403–9.

8. Kwan BC-H, Leung C-B, Szeto C-C, et al. Severe acute respiratory syndrome
in dialysis patients. J Am Soc Nephrol. 2004;15(7):1883–8.

9. Zhao W, Yu S, Zha X, et al. Clinical characteristics and durations of
hospitalized patients with COVID-19 in Beijing: a retrospective cohort study.
Lancet. 2020;395(10229):1054–62.

10. Oyelade T, Alqahtani J, Canciani G. Prognosis of COVID-19 in Patients with
Liver and Kidney Diseases: An Early Systematic Review and Meta-Analysis.
Trop Med Infect Dis. 2020;5(2):80.

11. Goicoechea M, Sanchez Camara LA, Macias N, et al. COVID-19: Clinical
course and outcomes of 36 maintenance hemodialysis patients from a
single center in Spain. Kidney Int. 2020;98(1):27–34.

12. Ma Y, Diao B, Lv X, et al. 2019 novel coronavirus disease in hemodialysis
(HD) patients: Report from one HD center in Wuhan, China. MedRxiv. 2020.

13. Scarpioni R, Manini A, Valsania T, De Amicis S, Albertazzi V, Melfa L, Ricardi
M, Rocca C. Covid-19 and its impact on nephropathic patients: the
experience at Ospedale “Guglielmo da Saliceto” in Piacenza. G Ital Nefrol
[Internet]. 2020;37(2).

14. Alberici F, Delbarba E, Manenti C, et al. Management of Patients on Dialysis
and With Kidney Transplantation During the SARS-CoV-2 (COVID-19)
Pandemic in Brescia, Italy. Kidney Int Rep. 2020;5(5):580–5.

15. Betjes MG. Uremia-Associated Ageing of the Thymus and Adaptive Immune
Responses. Toxins. 2020;12(4):224.

16. Chou CY, Wang SM, Liang CC, et al. risk of pneumonia among patients with
chronic kidney disease in outpatient and inpatient settings: a nationwide
population-based study. Med (Baltim). 2014;93(27):e174.

17. Sarnak MJ, Jaber BL. Pulmonary infectious mortality among patients with
end-stage renal disease. Chest. 2001;120(6):1883–7.

18. Henry BM, Lippi G. Chronic kidney disease is associated with severe
coronavirus disease 2019 (COVID-19) infection. Int Urol Nephrol. 2020;28:1–
2.

19. Wang X, Fang X, Cai Z, et al. Comorbid Chronic Diseases and Acute Organ
Injuries Are Strongly Correlated with Disease Severity and Mortality among
COVID-19 Patients: A Systemic Review and Meta-Analysis. Research (Wash D
C). 2020;2020:2402961.

20. Imig JD, Ryan MJ. Immune and inflammatory role in renal disease. Compr
Physiol. 2013;3(2):957–76.

21. Lely AT, Hamming I, van Goor H, et al. Renal ACE2 expression in human
kidney disease. J Pathol. 2004 Dec;204(5):587–93.

22. Fan C, Li K, Ding Y, Lu WL, Wang J. ACE2 expression in kidney and testis
may cause kidney and testis damage after 2019-nCoV infection. MedRxiv.
2020.

23. Wu C, Chen X, Cai Y, et al. Risk Factors Associated With Acute Respiratory
Distress Syndrome and Death in Patients With Coronavirus Disease 2019
Pneumonia in Wuhan, China. JAMA Intern Med. 2020; e200994.

24. Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill
patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered,
retrospective, observational study. Lancet Respir Med. 2020;8(5):475–81.

25. Wang R, Liao C, He H, et al. COVID-19 in Hemodialysis Patients: A Report of
5 Cases. Am J Kidney Dis. 2020;76(1):141–3.

26. Naicker S, Yang CW, Hwang SJ, et al. The Novel Coronavirus 2019 epidemic
and kidneys. Kidney Int. 2020;97(5):824–8.

27. Mizushima D, Nguyen DTH, Nguyen DT, et al. Tenofovir disoproxil fumarate
co-administered with lopinavir/ritonavir is strongly associated with tubular
damage and chronic kidney disease. J Infect Chemother. 2018;24(7):549–54.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Rastad et al. BMC Nephrology           (2021) 22:33 Page 8 of 8

https://www.worldometers.info/coronavirus
https://www.worldometers.info/coronavirus

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	The study population
	Data collection
	Diagnosis of COVID-19
	Definition of variables and outcomes
	Statistical analyses

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

