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A B S T R A C T

Background. Chronic kidney disease (CKD) and immunosup-
pression, such as in renal transplantation (RT), stand as one of
the established potential risk factors for severe coronavirus dis-
ease 2019 (COVID-19). Case morbidity and mortality rates for
any type of infection have always been much higher in CKD,
haemodialysis (HD) and RT patients than in the general popu-
lation. A large study comparing COVID-19 outcome in moder-
ate to advanced CKD (Stages 3–5), HD and RT patients with a
control group of patients is still lacking.
Methods. We conducted a multicentre, retrospective,
observational study, involving hospitalized adult patients with
COVID-19 from 47 centres in Turkey. Patients with CKD
Stages 3–5, chronic HD and RT were compared with patients
who had COVID-19 but no kidney disease. Demographics,
comorbidities, medications, laboratory tests, COVID-19 treat-
ments and outcome [in-hospital mortality and combined
in-hospital outcome mortality or admission to the intensive
care unit (ICU)] were compared.
Results. A total of 1210 patients were included [median age, 61
(quartile 1–quartile 3 48–71) years, female 551 (45.5%)] com-
posed of four groups: control (n ¼ 450), HD (n ¼ 390), RT (n
¼ 81) and CKD (n ¼ 289). The ICU admission rate was 266/
1210 (22.0%). A total of 172/1210 (14.2%) patients died.
The ICU admission and in-hospital mortality rates in the
CKD group [114/289 (39.4%); 95% confidence interval (CI)

33.9–45.2; and 82/289 (28.4%); 95% CI 23.9–34.5)] were sig-
nificantly higher than the other groups: HD ¼ 99/390
(25.4%; 95% CI 21.3–29.9; P< 0.001) and 63/390 (16.2%;
95% CI 13.0–20.4; P< 0.001); RT ¼ 17/81 (21.0%; 95% CI
13.2–30.8; P ¼ 0.002) and 9/81 (11.1%; 95% CI 5.7–19.5; P ¼
0.001); and control ¼ 36/450 (8.0%; 95% CI 5.8–10.8;
P< 0.001) and 18/450 (4%; 95% CI 2.5–6.2; P< 0.001).
Adjusted mortality and adjusted combined outcomes in CKD
group and HD groups were significantly higher than the con-
trol group [hazard ratio (HR) (95% CI) CKD: 2.88 (1.52–
5.44); P ¼ 0.001; 2.44 (1.35–4.40); P¼ 0.003; HD: 2.32 (1.21–
4.46); P ¼ 0.011; 2.25 (1.23–4.12); P ¼ 0.008), respectively],
but these were not significantly different in the RT from in
the control group [HR (95% CI) 1.89 (0.76–4.72); P ¼ 0.169;
1.87 (0.81–4.28); P¼ 0.138, respectively].
Conclusions. Hospitalized COVID-19 patients with CKDs, in-
cluding Stages 3–5 CKD, HD and RT, have significantly higher
mortality than patients without kidney disease. Stages 3–5 CKD
patients have an in-hospital mortality rate as much as HD
patients, which may be in part because of similar age and
comorbidity burden. We were unable to assess if RT patients
were or were not at increased risk for in-hospital mortality be-
cause of the relatively small sample size of the RT patients in
this study.

Keywords: COVID-19, haemodialysis, kidney disease, mortal-
ity, renal transplantation

2084 S. Ozturk et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/35/12/2083/6020341 by guest on 26 April 2022



I N T R O D U C T I O N

Coronavirus disease 2019 (COVID-19), turned into a pandae-
mic after a group of patients with respiratory disease of un-
known aetiology was reported in Wuhan, Hubei Province,
China [1]. Chronic kidney disease (CKD) and immunosuppres-
sion, such as in renal transplantation (RT), stand as one of the
established potential risk factors for severe COVID-19 [2]. Case
morbidity and mortality rates for any type of infection have al-
ways been much higher in CKD, haemodialysis (HD) and RT
patients than in the general population. Currently, little is
known about the risk, presentation and outcomes of COVID-
19 in these patients. There are some published case reports or
case series with small numbers for CKD, dialysis or RT patients
with COVID-19. The heterogeneity in these papers was too
great to allow an ultimate conclusion to be reached, since
patients were usually presented with atypical symptoms and
had a high mortality rate compared with the general popula-
tion. A large study that compares COVID-19 outcome in mod-
erate to advanced CKD (Stages 3–5), HD and RT patients with
a control group of patients is still lacking.

In Turkey, after the pandaemic started, most nephrology
clinics, like other clinics, were transformed into a pandaemic
clinic and were involved in the follow-up and treatment of
COVID-19 patients, other than those with kidney diseases. In
addition, dialysis units related to these clinics were also reorgan-
ized and served HD patients who were hospitalized due to
COVID-19, as well as HD patients without COVID-19 as
outpatients.

In this multicentre, nationwide study in Turkey, we present
clinical characteristics and outcomes of CKD, HD and RT
patients hospitalized for COVID-19 and compare them with a
control group without kidney disease.

M A T E R I A L S A N D M E T H O D S

Study design and participants

This multicentre, retrospective, observational study was con-
ducted on the basis of data collected from 47 centres in Turkey.
The study was designed by the investigators and uncondition-
ally supported by the Turkish Society of Nephrology. The study
was approved by the Health Sciences University, Istanbul
Haseki Training and Research Hospital Ethics Committee with
the number 41-2020. Informed consent was waived due to the
urgent need to collect data in the pandaemic time.

All hospitalized patients with a COVID-19 diagnosis in the
participating centres were analysed from 17 April to 6 May
2020.

Diagnosis of COVID-19 was as follows: (i) COVID-19 was
diagnosed by a positive result for severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) based on reverse tran-
scriptase polymerase chain reaction (RT-PCR) testing of a
nasopharyngeal swab. Patients whose first test was negative, but
retests positive, were also accepted as confirmed cases. (ii) As
the test may reveal false-negative results and/or may not be
available for a significant portion of patients [3], patients with
clinical symptoms were screened by a chest computed tomogra-
phy (CT). If there was radiological evidence, the patient was di-
agnosed as ‘possible case of COVID-19’ according to the
Ministry of Health ‘Covid-19 Diagnosis and Treatment
Guideline’ [4], and included in the study.

In each centre, the next patient without known kidney dis-
ease that was hospitalized after a study patient, was included as
the control group. Patients with a known diagnosis of CKD and
having estimated glomerular filtration rates (eGFRs) <60 mL/
min/1.73 m2 represented moderate to advanced CKD. Patients
undergoing maintenance HD at least for 3 months or with a
functioning RT represented HD and RT groups, respectively.
Peritoneal dialysis patients were not included in the study.
Patients who were <18 years of age, pregnant or who had acute
kidney injury on admission, lacked hospital discharge informa-
tion or survival data, were still hospitalized [except intensive
care unit (ICU)] at the time of data collection and patients hos-
pitalized for reasons other than COVID-19 were excluded from
the study.

Data collection

All centres collected data by reviewing electronic health
records of their hospital system. Admission data including
demographic information, symptoms from onset to hospital
admission and possible transmission sources of SARS-CoV-2
infection, comorbidities and medications, smoking habits,
aetiology of kidney disease, initial laboratory data, including
serum creatinine, eGFR calculated with the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equation
[5], serum albumin, ferritin, C-reactive protein (CRP),

KEY LEARNING POINTS

What is already known about this subject?

• increased prevalence and risk factors for mortality
have been reported in several small and heteroge-
neous groups of chronic kidney disease (CKD)
patients;

• reports showed a very high risk of mortality among
renal transplant (RT) recipients and maintenance
haemodialysis (HD) patients; and

• there is no comparative analysis among advanced
CKD, RT and HD patients.

What this study adds?

• Stages 3–5 CKD patients and HD patients hospital-
ized for coronavirus disease 2019 (COVID-19) had
the highest mortality compared with RT patients and
patients without kidney disease; and

• mortality in RT patients appears to be lower than in
HD and CKD patients, but higher than in patients
without kidney disease.

What impact this may have on practice or policy?

• the findings may have implications for organizing
kidney services, including continuing RT activities
during COVID-19.

Mortality analysis of COVID-19 infection in CKD, HD and RT patients 2085
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haemoglobin, lymphocyte, platelet count, lactate dehydroge-
nase (LDH) and aspartate aminotransferase (AST) were
collected.

The dataset also included severity of COVID-19 (as mild to
moderate, severe or critical), the same laboratory tests during
hospitalization, treatment for COVID-19 at the hospital and
living status. COVID-19 severity was defined as follows: mild
disease defines patients who had mild clinical symptoms with-
out sign of viral pneumonia on chest CT findings. Moderate
disease relates to patients who had symptoms such as fever,
cough, dyspnoea, fatigue, sore throat, anorexia, myalgia and re-
spiratory system symptoms, etc., along with manifestation of vi-
ral pneumonia on chest CT findings. Severe disease refers to
adults who met any of the following criteria: respiratory rate
�30 breaths/min, oxygen saturation �93% at rest state; arterial
PO2/oxygen concentration �300 mmHg. Patients with pulmo-
nary lesion progression>50% within 24–48 h on radiologic im-
aging were treated as severe cases. According to national
guidelines [4], critical disease was related to patients who met
any of the following criteria: incident of respiratory failure
needing mechanical ventilation; existence of shock; multiple or-
gan dysfunction that requires monitoring; and treatment in the
ICU.

Follow-up and outcomes

The follow-up period started from the date of hospitalization
and ended the day of discharge, admission to the ICU or death.
It was recorded as length of stay at the hospital. Study outcomes
were in-hospital mortality and combined in-hospital outcome
(mortality or admission to the ICU) in kidney disease groups
(CKD, HD or RT) and in the control group.

Statistical analysis

The analyses were performed using the IBM SPSS Statistics
for Windows, version 25.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistics were expressed as numbers and percen-
tages for categorical variables and as mean, standard deviation,
median, minimum–maximum and 25th–75th percentile for
numerical variables. The conformity of variables to normal dis-
tribution was assessed using visual (histogram and probability
graphs) and analytical methods (Kolmogorov–Smirnov/
Shapiro–Wilk tests). For multiple group comparisons of cate-
gorical variables, the Chi-square test was used. In multiple
group comparisons of numerical variables, the analysis of vari-
ance test was used for normally distributed numerical variables,
and the Kruskal–Wallis test was used for non-normally
distributed numerical variables. In post hoc analysis, the Mann–
Whitney U test with Bonferroni correction was used for
subgroup analysis of non-normally distributed variables, and
the Chi-square test with Bonferroni correction was used for
subgroup analysis of categorical variables. The survival of the
patients during their follow-up until discharge was evaluated
using Kaplan–Meier method, and comparisons of survival be-
tween diagnostic groups were analysed using log-rank test.
Since the follow-up data for evaluating 28-day mortality with a
logistic regression model was not present for most of the cases
with shorter length of hospitalization, the independent

predictors of mortality were evaluated by time-to-event ap-
proach using multivariate Cox regression analyses. The Cox
models included demographic and clinical parameters that sug-
gested a potential effect on the mortality in univariate analyses
and the statistically significant independent predictors of mor-
tality were determined by the Cox regression using enter
method (P< 0.05). For attaining a balanced distribution of
basal demographic and clinical characteristics in diagnostic
groups, a case-to-case propensity score matching (PSM) analy-
sis was performed to match the groups for age, gender, presence
of diabetes, hypertension, cardiovascular disease, chronic ob-
structive pulmonary disease (COPD) and eGFR. eGFR was
not used when the HD group was matched with any other
groups, and the CKD group was matched with the control
group, as calculation of eGFR for HD patients was not appli-
cable, and eGFR defines the CKD and the control groups.
The PSM was performed as pairwise matching of the diag-
nostic groups, since matching all groups should significantly
decrease the sample size, and also the clinical interest was in
comparing pairwise comparisons of particular groups to each
other. Following matching of the diagnostic groups, survival
analyses were performed between them. The missing data
were considered as listwise missing in the analyses and were
not imputed in the study. The statistical significance level
was set at P< 0.05.

R E S U L T S

Demographic and clinical characteristics

A total of 1246 hospitalized patients with COVID-19 from
47 different centres were included. After excluding 36 patients
due to a variety of exclusion criteria (Figure 1), the final analysis
was performed in 1210 patients [median age, 61 (48–71) years,
female 551 (45.5%)]. The four groups were composed as HD
group (n¼ 390), RT group (n¼ 81), CKD group (n¼ 289) and
control group (n¼ 450).

Table 1 shows the baseline demographic and clinical charac-
teristics and laboratory values of the patients. The most com-
mon comorbidities were hypertension (745/1187, 62.8%) and
diabetes mellitus (394/1178, 33.4%), and these were signifi-
cantly higher in kidney patients than in the control group
(P< 0.05). Cardiovascular diseases were significantly higher in
the HD and CKD groups.

In the HD group, the median (interquartile range) duration
of dialysis was 3.4 years (1–6), and the most common vascular
access was arteriovenous (A-V) fistula (267/382, 69.9%). The
median (interquartile range) time after transplantation was
5 years (3–9), tacrolimus, and mycophenolic acid derivatives
and corticosteroids were used as immunosuppressants in 80%
of the RT patients.

Clinical presentation, diagnosis, treatment regiments for
COVID-19, ICU requirement and survival data were shown
in Table 2. COVID-19 was diagnosed with a nasopharyngeal
swab for SARS-CoV-2 by RT-PCR assay in 56.4% of patients.
This positive test rate was significantly lower in the HD group
(175/390, 44.9%). On the other hand, diagnostic CT confir-
mation was used in >90% in all kidney patient groups.
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As a possible source of infection, transmission in the health
institution was significantly higher in HD patients (88/184,
47.8%), whereas the family–home environment was signifi-
cantly higher in RT and CKD groups.

COVID-19 precautions, clinical course and treatments

The HD shift was changed in 62 (15.9%) patients, dialysis
was performed in an isolated room in 248 (63.6%) patients and
50 (12.8%) patients underwent dialysis in ICU. No change was
made in the dialysis sessions of the remaining 30 (7.7%) HD
patients. Immunosuppressive therapy change (discontinuation,
drug or dose modifications) was made in 71/79 (97.5%) of RT
patients.

The time between the onset of the first symptoms of the
COVID-19 and diagnosis was significantly shorter in HD
patients as compared with other groups. Severe–critical disease
was more frequent in kidney patients 408/1205 (33.9%) as com-
pared with the control group (Table 2). Frequency of lympho-
paenia, anaemia and thrombocytopaenia, and increased serum
LDH levels were significantly lower in the control group,
whereas AST levels were higher in the CKD group. The rate of
serum CRP increase was significantly lower in the control group
than the other groups.

Almost all (1173/1199, 97.8%) patients were administered
hydroxychloroquine. The rates of oseltamivir (776/1122,
69.2%) and macrolide antibiotics (950/1155, 82.3%) use were
also high, as suggested in the previous versions of the Turkish
National COVID-19 treatment guideline (Table 2). Favipiravir
was used at a higher rate in RT (37/75, 49.3%) and CKD groups
(123/245, 50.2%) than other groups (P< 0.001). Tocilizumab
use was significantly higher in the RT group (9/74, 12.2%). The
rate of reported side effects due to any of these drugs was 4.5%
(49/1092).

Clinical outcomes

Over one-fifth of the whole group (266/1210, 21.9%) was ad-
mitted to ICU. A total of 172/1210 (14.2%) patients died. ICU

admission and mortality rates were significantly lower in the
control group than in the all kidney disease groups, and higher
in the CKD group than in the other groups (Table 2 and
Figure 2). Patients who died were older and had higher
comorbidities, with male predominance (Table 3). These
patients also had severe clinical presentation, worse initial and
in-hospital lab values and increased inflammatory parameters.
Antiviral drug use was significantly higher in this group.

In the Cox regression survival analysis age, the severity of
the disease, CRP and patient group (being in HD or CKD
groups) were significantly related to mortality. Age, haemoglo-
bin level, the severity of the disease, CRP and patient group (be-
ing in HD or CKD groups) were significantly related to
composite outcome (dead or ICU admission) (Table 4).
Kaplan–Meier plots of patient survival were presented in
Figure 2. Of note, the in-hospital mortality rate and the com-
posite outcome was not significantly different between the RT
and control groups. No mortality difference was observed be-
tween the PSM-matched RT and control groups, but the mor-
tality in the HD and CKD groups was significantly higher than
in the control group. Additionally, we assessed the mortality
rates between HD- and CKD-matched groups with the inclu-
sion of only the patients with RT-PCR test confirmed COVID-
19, and this analysis also revealed no difference between HD
and CKD groups in terms of mortality (log-rank P ¼ 0.72).
When CKD group was subdivided according to eGFR, there
was no mortality difference in three eGFR groups [26/92
(28.6%) patients in the <10 mL/min/1.73 m2 group; 31/110
(28.2%) patients in the 10–30 mL/min/1.73 m2 group; and 25/
82 (30.5%) patients in the 30–60 mL/min/1.73 m2 group; P ¼
0.88].

D I S C U S S I O N

This study, comparing hospitalized COVID-19 patients with
various kidney disease groups (Stages 3–5 CKD, HD and RT),
has shown that mortality was significantly higher in kidney

FIGURE 1: Consort of the study illustrating population selection. Control group: four patients with acute kidney injury (AKI), two patients
without outcome data, one patient due to pregnancy. HD group: 12 peritoneal dialysis patients, 5 patients still at the hospital, 2 patients with-
out outcome data, 1 patient reported congestive heart failure without confirmed COVID-19. CKD group: six patients with AKI, three patients
without outcome data.
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patients than in patients without kidney disease. The highest
mortality rate was observed in the CKD group rather than the
HD or RT patients. Similar results persisted in the combined
outcome (mortality or ICU admission). The mortality rate in
RT patients (11.1%) was lower than previously reported studies.
Adjusted mortality and combined outcomes in the RT group
did not differ from the control group, whereas the mortality of
HD and CKD groups were similar in terms of both outcomes.

So far, the impact of COVID-19 on CKD, HD and RT
patients has not been well defined. In this analysis, the risk of
unadjusted and adjusted mortality rates and combined mortality
or ICU admission in the CKD group was remarkably higher
than in the control group. Moreover, outcomes did not differ
when the CKD group was divided into three subgroups accord-
ing to eGFR levels. CKD patients appear to be at higher risk for
severe COVID-19 [6]. In a study from Wuhan, 101 patients with

Table 1. Baseline characteristics and tests of patients according to disease groups

Characteristic All patients Control group HD group RT group CKD group
(N¼ 1210) (N¼ 450) (N¼ 390) (N¼ 81) (N¼ 289)

Demographic information
Gender, n (%)

Female, n (%) 551 (45.5) 204 (45.3) 189 (48.5) 33 (40.7) 125 (43.3)
Age (years), median (Q1–Q3) 61 (48–71) 51 (38–63) 64 (55–71) 48 (38–56) 71 (63–79)
RTT duration, years, median (Q1–Q3) – NA 3.4 (1–6) 5 (3–9) NA
Coexisting disorder, n/N (%)

Diabetes mellitus 394/1178 (33.4) 68/440 (15.5) 185/383 (48.3) 20/79 (25.3) 121/276 (43.8)
Hypertension 745/1187 (62.8) 132/440 (30) 302/383 (78.9) 57/79 (72.2) 254/285 (89.1)
Ischaemic heart disease 341/1134 (30.1) 40/431 (9.3) 161/355 (45.4) 13/76 (17.1) 127/272 (46.7)
Heart failure 179/1134 (15.8) 19/436 (4.4) 89/354 (25.1) 2/78 (2.6) 69/266 (25.9)
COPD 156/1143 (13.6) 44/436 (10.1) 50/361 (13.9) 5/77 (6.5) 57/269 (21.2)
Cancer 60/1149 (5.2) 20/436 (4.6) 20/369 (5.4) 2/77 (2.6) 18/267 (6.7)
Chronic liver disease 10/1156 (0.9) 4/437 (0.9) 5/370 (1.4) 0/77 (0) 1/272 (0.4)

Smoking, n/N (%)
Never smoked 490/836 (58.6) 190/301 (63.1) 152/284 (53.5) 33/47 (70.2) 115/204 (56.4)
Former smoker 238/836 (28.5) 60/301 (19.9) 96/284 (33.8) 13/47 (27.7) 69/204 (33.8)
Current smoker 108/836 (12.9) 51/301 (16.9) 36/284 (12.7) 1/47 (2.1) 20/204 (9.8)

Medicationsa, n/N (%)
ACE inhibitors 199/1082 (18.4) 43/431 (10) 72/334 (21.6) 14/78 (17.9) 70/239 (29.3)
ARBs 166/1075 (15.4) 39/431 (9) 31/329 (9.4) 12/77 (15.6) 84/238 (35.3)
Calcium channel blockers 410/1105 (37.1) 61/432 (14.1) 162/349 (46.4) 42/76 (55.3) 145/248 (58.5)
Beta-blockers 358/1093 (32.8) 47/433 (10.9) 162/341 (47.5) 25/77 (32.5) 124/242 (51.2)
Other antihypertensives 136/1045 (13) 28/428 (6.5) 38/314 (12.1) 8/76 (10.5) 62/227 (27.3)
Insulin 233/1089 (21.4) 23/434 (5.3) 131/343 (38.2) 14/76 (18.4) 65/236 (27.5)
Oral antidiabetics 131/1080 (12.1) 48/437 (11) 17/325 (5.2) 6/76 (7.9) 60/242 (24.8)
Statins 152/1061 (14.3) 25/430 (5.8) 52/327 (15.9) 7/74 (9.5) 68/230 (29.6)
Antiaggregant or anticoagulants 448/1099 (40.8) 70/431 (16.2) 194/340 (57.1) 36/75 (48) 148/253 (58.5)

Primary kidney disease, n/N (%)
Amyloidosis 12/653 (1.8) NA 9/343 (2.6) 3/58 (5.2) 0/250 (0)
Diabetic nephropathy 265/653 (40.6) NA 163/343 (47.5) 10/58 (17.2) 91/250 (36.4)
Hypertensive nephrosclerosis 274/653 (42.0) NA 122/343 (35.6) 18/58 (31) 133/250 (53.2)
ADPCKD 19/653 (2.9) NA 13/343 (3.8) 4/58 (6.9) 2/250 (0.8)
Primary glomerular disease 40/653 (6.1) NA 16/343 (4.7) 12/58 (20.7) 12/250 (4.8)
Urologic diseases 24/653 (3.7) NA 7/343 (2) 9/58 (15.5) 8/250 (3.2)
Other 19/653 (2.9) NA 13/343 (3.8) 2/58 (3.4) 4/250 (1.6)

Laboratory findings, median (Q1–Q3)
Creatinine (mg/dL) 1.6 (0.9–5.3) 0.8 (0.7–0.93) 6.7 (5.2–8.57) 1.48 (1.1–2.05) 1.8 (1.41–2.63)
Albumin (g/dL) 3.61 (3.2–4) 3.9 (3.59–4.2) 3.5 (3.04–3.81) 3.74 (3.3–4) 3.4 (3–3.8)
Ferritin (ng/mL) 394 (142–878) 174 (85–380) 850 (487–1643) 316 (135–865) 316 (140–590)
Haemoglobin (g/dL) 11.72 6 2.31 13.1 6 1.87 10.4 6 1.97 11.6 6 2.27 11.41 6 2.19
Lymphocyte count (/mm3) 1050 (600–1580) 1305 (890–1860) 885 (490–1290) 690 (390–1100) 1000 (520–1550)
Platelet count (�1000/mm3) 210 (165–270) 221 (177–266) 185.5 (149–264) 198 (164–239) 227 (176–286)

CRP, n/N (%) (> � upper limit)
Normal 194/1210 (16) 131/450 (29.1) 32/390 (8.2) 7/81 (8.6) 24/289 (8.3)
1–5 345/1210 (28.5) 158/450 (35.1) 96/390 (24.6) 18/81 (22.2) 73/289 (25.3)
5–10 193/1210 (16) 60/450 (13.3) 65/390 (16.7) 20/81 (24.7) 48/289 (16.6)
10–20 224/1210 (18.5) 57/450 (12.7) 85/390 (21.8) 18/81 (22.2) 64/289 (22.1)
>20 254/1210 (21) 44/450 (9.8) 112/390 (28.7) 18/81 (22.2) 80/289 (27.7)

aHD group: erythropoiesis-stimulating agents 65/354 (18.4%), intravenous iron 54/354 (15.3%), active vitamin D and analogues 52/354 (13.3%), and phosphorus binder 56/354
(15.8%); RT group: corticosteroids 78 (96.3%), tacrolimus 65 (80.2%), cyclosporine-A 7 (8.6%), mycophenolate/mycophenolic acid 67 (82.7%), mammalian target of rapamycin inhibi-
tors 8 (9.9%) and azathioprine 6 (7.4%).
ADPCKD, autosomal dominant polycystic kidney disease; ACE, angiotensin-converting enzyme; ARBs, angiotensin-receptor blockers; NA, not applicable; RRT, renal replacement
therapy.
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elevated baseline serum creatinine had in-hospital mortality of
33.7% [7]. In a preliminary data of a meta-analysis, a significant
association between CKD and severe COVID-19 was observed
[odds ratio¼ 3.03, 95% confidence interval (CI) 1.09–8.47] [8, 9].

Another remarkable observation in our study is that CKD
patients had higher mortality than HD and RT patients. This
had already been noted in a smaller sample size study from
Cremona, Italy, in which the mortality rate was 35.3% in the
patients with normal renal function, 88.2% in the CKD 3–5
group, 30.0% in the HD group and 36.4 in the RT group [10].
Of note, in both reports, age was higher for the CKD group, and
this might be the reason, especially considering that in our co-
hort the difference disappeared after PSM.

The frequency of CKD Stage 3 and above is very high around
the world, as in Turkey, and cardiovascular complications are
major causes of mortality in these patients [11–13]. The highest
mortality of the CKD group may be attributed to advanced age
and a high burden of comorbidities (especially cardiovascular)
in this study. Similar to our study, a cross-sectional, multi-
centre, nationwide study from Italy also showed that age and
presence of CKD were independently associated with mortality
in hospitalized patients with COVID-19 [14].

The mortality difference between the CKD and HD groups,
however, became insignificant after PSM matching. This find-
ing suggests that mortality in CKD patients is not different
from that in HD patients when baseline characteristics,

Table 2. Clinical presentation, diagnosis and treatments given for COVID-19, ICU requirement and survival data

Characteristic All patients Control group HD group RT group CKD group
(N¼ 1210) (N¼ 450) (N¼ 390) (N¼ 81) (N¼ 289)

Time between first symptom and diagnosis
(days), median (Q1–Q3)

3 (2–5) 3 (2–5) 3 (2–5) 4 (3–7) 3 (2–5)

Clinical presentation, n/N (%)
Mild–moderate disease 797/1205 (66.1) 377/448 (84.2) 225/387 (58.1) 48/81 (59.3) 147/289 (50.9)
Severe–critical disease 408/1205 (33.9) 71/448 (15.8) 162/387 (41.9) 33/81 (40.7) 142/289 (49.1)
COVID-19 confirmed by RT-PCR, n/N (%) 682/1210 (56.4) 291/450 (64.7) 175/390 (44.9) 53/81 (65.4) 163/289 (56.4)
Radiological confirmation n/N (%) 1069/1210 (88.3) 364/450 (80.9) 363/390 (93.1) 75/81 (92.6) 267/289 (92.4)

Possible source of COVID-19, n/N (%)
Family–home environment 256/644 (39.8) 105/282 (37.2) 60/184 (32.6) 18/33 (54.5) 73/145 (50.3)
Workplace/nursing home etc. 16/644 (2.5) 9/282 (3.2) 1/184 (0.5) 1/33 (3.0) 5/145 (3.4)
Social life 196/644 (30.4) 102/282 (36.2) 34/184 (18.5) 8/33 (24.2) 52/145 (35.9)
Travel 17/644 (2.6) 10/282 (3.5) 1/184 (0.5) 2/33 (6.1) 4/145 (2.8)
Healthcare centre 159/644 (24.7) 56/282 (19.9) 88/184 (47.8) 4/33 (12.1) 11/145 (7.6)

Drug treatments, n/N (%)
Hydroxychloroquine 1173/1199 (97.8) 444/448 (99.1) 369/383 (96.3) 81/81 (100) 279/287 (97.2)
Oseltamivir 776/1122 (69.2) 306/426 (71.8) 228/358 (63.7) 49/80 (61.3) 193/258 (74.8)
Macrolides 950/1155 (82.3) 379/434 (87.3) 280/370 (75.7) 53/80 (66.3) 238/271 (87.8)
Lopinavir–ritonavir 49/925 (5.3) 7/336 (2.1) 6/313 (1.9) 10/71 (14.1) 26/205 (12.7)
Favipiravir 360/1013 (35.5) 95/362 (26.2) 105/331 (31.7) 37/75 (49.3) 123/245 (50.2)
Glucocorticoids 92/925 (9.9) 14/338 (4.1) 12/316 (3.8) 42/76 (55.3) 24/195 (12.3)
Tocilizumab 27/921 (2.9) 8/338 (2.4) 6/316 (1.9) 9/74 (12.2) 4/193 (2.1)
Convalescent plasma 5/916 (0.5) 1/334 (0.3) 1/316 (0.3) 3/75 (4) 0/191 (0)
Canakinumab/anakinra 6/918 (0.7) 0/336 (0) 2/316 (0.6) 3/75 (4) 1/191 (0.5)
Any side effects related to these drugs, n/N (%) 49/1092 (4.5) 11/417 (2.6) 11/337 (3.3) 8/75 (10.7) 19/263 (7.2)

Laboratory tests during hospitalization, n/N (%)
Leukopaenia (<4000/mm3) 220/1190 (18.5) 69/438 (15.8) 80/383 (20.9) 30/81 (37) 41/288 (14.2)
Lymphopaenia (<1500/mm3) 662/1186 (55.8) 179/436 (41.1) 233/382 (61) 59/81 (72.8) 191/287 (66.6)
Anaemia (<10 g/dL) 406/1187 (34.2) 47/439 (10.7) 190/381 (49.9) 25/81 (30.9) 144/286 (50.3)
Thrombocytopaenia (<150� 103/mm3) 205/1189 (17.2) 45/438 (10.3) 85/383 (22.2) 13/81 (16) 62/287 (21.6)
LDH (>2� upper limit of normal) 295/1145 (25.8) 69/423 (16.3) 90/361 (24.9) 24/80 (30) 112/281 (39.9)
AST (>2� upper limit of normal) 198/1170 (16.9) 57/432 (13.2) 43/379 (11.3) 10/73 (13.7) 88/286 (30.8)

Highest value of CRP level during
follow-up, n/N (%) (> x of upper normal value)

Normal 163/1143 (14.3) 118/425 (27.8) 26/357 (7.3) 8/79 (10.1) 11/282 (3.9)
1–5 260/1143 (22.7) 124/425 (29.2) 73/357 (20.4) 13/79 (16.5) 50/282 (17.7)
5–10 160/1143 (14) 52/425 (12.2) 49/357 (13.7) 19/79 (24.1) 40/282 (14.2)
10–20 213/1143 (18.6) 64/425 (15.1) 79/357 (22.1) 10/79 (12.7) 60/282 (21.3)
>20 347/1143 (30.4) 67/425 (15.8) 130/357 (36.4) 29/79 (36.7) 121/282 (42.9)

Length of stay at hospital, day, median (Q1–Q3) 9 (6–14) 8 (6–12) 9 (6–14) 9 (6–13) 10 (7–15)
ICU admission, n/N (%) 266/1210 (21.9) 36/450 (8.0) 99/390 (25.4) 17/81 (21.0) 114/289 (39.4)
Mechanical ventilation in ICU, n/N (%) 198/251 (77.0) 20/34 (58.8) 73/94 (77.7) 14/17 (82.4) 91/112 (81.3)
Outcome

Dead 172/1210 (14.2) 18/450 (4) 63/390 (16.2) 9/81 (11.1) 82/289 (28.4)
Still in ICU 32/1210 (2.6) 5/450 (1.1) 12/390 (3.1) 2/81 (2.5) 13/289 (4.5)
Discharged 988/1210 (81.7) 423/450 (94) 308/390 (79) 69/81 (85.2) 188/289 (65.1)
Transfer to another centre 18/1210 (1.5) 4/450 (0.9) 7/390 (1.8) 1/81 (1.2) 6/289 (2.1)
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FIGURE 2: Kaplan–Meier plots of patient survival. (A) All patient groups were compared in terms of mortality. The median duration for the
mortality was 30 days in the HD group, >20 days in the RT group, 22 days in the CKD group and >30 days in the control group. The mean du-
ration for mortality of both HD and CKD groups was significantly shorter than that of the control group (log-rank P< 0.01 for both). There
was no significant difference between RT and the control group (log-rank P ¼ 0.053). (B) All groups were compared in terms of composite
outcome (mortality or ICU admission). Median time to composite outcome was 24 days in the HD group, 21 days in the RT group, 20 days in
the CKD group and 29 days in the control group. Mean survival durations of both the HD and CKD groups were statistically significantly
shorter than that of the control group (log-rank P< 0.01 for both). There was no significant difference between RT and the control group (log-
rank P ¼ 0.052). (C) New matched groups created by PSM from the control and RT groups were compared. The median survival duration was
>16 days in the matched RT group and >18 days in the matched control group. The mean survival duration of the matched RT group was
similar to that of the matched control group (log-rank P ¼ 0.37). (D) New matched groups created by PSM from HD and CKD groups were
compared. Median survival duration was 25 days in the matched HD group and 22 days in the matched CKD group. Mean survival duration of
the matched HD group was not significantly different from that of the matched CKD group (log-rank P ¼ 0.21). (E) New matched groups cre-
ated by PSM from CKD and RT groups were compared. Median survival duration was 23 days in the matched CKD group and >20 days in the
matched RT group. Mean survival duration of the matched CKD group was not significantly different than that of the matched RT group (log-
rank P ¼ 0.077). (F) New matched groups created by PSM from CKD and control groups were compared. Median survival duration was
23 days in the matched CKD group and >24 days in the matched control group. Mean survival duration of the matched CKD group was signif-
icantly different from that of the matched control group (log-rank P< 0.001).
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Table 3. Comparative analysis of characteristics and laboratory values obtained during hospitalization of patients according to survival

Characteristic All patients Dead Discharged P-value
N¼ 1160 N¼ 172 N¼ 988

Age (years), median (Q1–Q3) 60.5 (47–71) 70 (60–78.5) 59 (46–69) <0.001
Gender, n/N (%)

Female 533/1160 (45.9) 63/172 (36.6) 470/988 (47.6) 0.008
Male 627/1160 (54.1) 109/172 (63.4) 518/988 (52.4) –

Coexisting disorder, n/N (%)
Diabetes mellitus 374/1135 (33) 78/168 (46.4) 296/967 (30.6) <0.001
Hypertension 706/1140 (61.9) 134/168 (79.8) 572/972 (58.8) <0.001
Ischaemic heart disease 319/1088 (29.3) 78/158 (49.4) 241/930 (25.9) <0.001
Heart failure 169/1091 (15.5) 51/161 (31.7) 118/930 (12.7) <0.001
Ischaemic heart disease or heart failure 363/1092 (33.2) 87/161 (54.0) 276/931 (29.6) <0.001
COPD 142/1100 (12.9) 35/159 (22) 107/941 (11.4) <0.001
Cancer 57/1109 (5.1) 12/162 (7.4) 45/947 (4.8) 0.157
Chronic liver disease 10/1114 (0.9) 3/165 (1.8) 7/949 (0.7) 0.174

Smoking, n/N (%)
Never smoked 479/811 (59.1) 64/111 (57.7) 415/700 (59.3) 0.417
Former smoker 228/811 (28.1) 36/111 (32.4) 192/700 (27.4) –
Current smoker 104/811 (12.8) 11/111 (9.9) 93/700 (13.3) –

Primary kidney disease, n/N (%)
Amyloidosis 12/620 (1.9) 3/137 (2.2) 9/483 (1.9) 0.171
Diabetic nephropathy 252/620 (40.6) 63/137 (46) 189/483 (39.1) –
Hypertensive nephrosclerosis 258/620 (41.6) 59/137 (43.1) 199/483 (41.2) –
ADPCKD 18/620 (2.9) 0/137 (0) 18/483 (3.7) –
Primary glomerular disease 38/620 (6.1) 6/137 (4.4) 32/483 (6.6) –
Urologic diseases 24/620 (3.9) 3/137 (2.2) 21/483 (4.3) –
Other 18/620 (2.9) 3/137 (2.2) 15/483 (3.1) –

Possible source of COVID-19, n/N (%)
Family–home environment 245/621 (39.5) 41/85 (48.2) 204/536 (38.1) 0.349
Workplace/nursing home, etc. 15/621 (2.4) 1/85 (1.2) 14/536 (2.6) –
Social life 189/621 (30.4) 26/85 (30.6) 163/536 (30.4) –
Travel 17/621 (2.7) 2/85 (2.4) 15/536 (2.8) –
Healthcare centre 155/621 (25) 15/85 (17.6) 140/536 (26.1) –

Medications, n/N (%)
ACE inhibitors 187/1043 (17.9) 35/143 (24.5) 152/900 (16.9) 0.028
ARBs 151/1033 (14.6) 27/141 (19.1) 124/892 (13.9) 0.101
Calcium channel blockers 388/1062 (36.5) 64/148 (43.2) 324/914 (35.4) 0.068
Beta-blockers 343/1054 (32.5) 69/150 (46) 274/904 (30.3) <0.001
Other antihypertensives 130/1006 (12.9) 25/134 (18.7) 105/872 (12) 0.034
Insulin 219/1052 (20.8) 46/144 (31.9) 173/908 (19.1) <0.001
Oral antidiabetics 126/1043 (12.1) 23/144 (16) 103/899 (11.5) 0.123
Statins 143/1023 (14) 29/138 (21) 114/885 (12.9) 0.010
Antiaggregant or anticoagulants 425/1056 (40.2) 82/150 (54.7) 343/906 (37.9) <0.001

Dialysis-related drugs, n/N (%)
ESA 62/337 (18.4) 9/58 (15.5) 53/279 (19) 0.534
Vitamin D and analogues 52/337 (15.4) 9/58 (15.5) 43/279 (15.4) 0.984
Phosphate binders 55/337 (16.3) 11/58 (19) 44/279 (15.8) 0.549

Tx immunosuppressive drugs, n (%)
Corticosteroids 76/78 (97.4) 9/9 (100) 67/69 (97.1) 1.000
Tacrolimus 63/78 (80.8) 7/9 (77.8) 56/69 (81.2) 1.000
Cyclosporine-A 7/78 (9) 0/9 (0) 7/69 (10.1) 1.000
MMF/MFA 65/78 (83.3) 9/9 (100) 56/69 (81.2) 0.342
mTOR inhibitors 8/78 (10.3) 1/9 (11.1) 7/69 (10.1) 1.000
Azathioprine 6/78 (7.7) 0/9 (0) 6/69 (8.7) 1.000

Vascular access, n/N (%)
Catheter 104/363 (28.7) 18/60 (30) 86/303 (28.4) 0.897
A-V fistula 258/363 (71.1) 42/60 (70) 216/303 (71.3) –
A-V graft 1/363 (0.3) 0/60 (0) 1/303 (0.3) –

CRP, n/N (%)
Normal 189/1160 (16.3) 3/172 (1.7) 186/988 (18.8) <0.001

(x of upper normal value)
1–5 337/1160 (29.1) 16/172 (9.3) 321/988 (32.5) –
5–10 186/1160 (16) 25/172 (14.5) 161/988 (16.3) –
10–20 216/1160 (18.6) 46/172 (26.7) 170/988 (17.2) –
>20 232/1160 (20) 82/172 (47.7) 150/988 (15.2) –

Continued
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comorbidities and severity of the COVID-19 are similar.
Uraemia is a state of chronic immune activation and chronic
immune suppression, and uraemic patients have an increased
risk of infection due to disordered natural and adaptive immu-
nity [15]. Increased production and decreased clearance of pro-
inflammatory cytokines can lead to inflammation and derange-
ments in extracellular volume and play a role in high mortality
in these patients [16, 17]. In addition, these patients may be vul-
nerable to any kind of medical treatment and invasive interven-
tion [18, 19], and therefore such approaches may be less
applicable during the COVID-19 pandaemic. All these data
show that Stages 3–5 CKD patients may be the group with the
highest mortality during the pandaemic. More detailed studies
are certainly needed to clarify a causal link, but it is reasonable
to warn health authorities on this issue, and efforts should be
made to take more precautionary measures for kidney patients.

The mortality rate in our HD group (16.2%) is more favour-
able compared with previously published reports from Italy
(23%), Spain (28%) and New York (31%), which involved fewer
patients than the present series [20–22]. We have found that
the adjusted in-hospital mortality rate was two times higher in
HD patients than in the control group. Although our HD
patients had high rates of comorbidities and antihypertensive

use, these patients also had more severe clinical presentation,
worse initial and in-hospital laboratory values, and increased
inflammatory parameters. Antiviral drug use was higher in the
HD group as compared with other groups. All these parameters
were predictors of worse outcomes during COVID-19 [9].
Hence, health centres should be aware of these data and pay
more attention to HD patients’ burden during the pandaemic.
On the other hand, the HD centres were found as a major
source of infection in (47.8%) our HD patients, which was
much higher than other groups. HD centres have become high-
risk places for HD patients during this pandaemic [23, 24] and
the risk of an HD patient getting COVID-19 at a healthcare fa-
cility cannot be totally eliminated, even if maximum precau-
tions are taken [25]. A study from the UK suggests that patients
undergoing HD at home are relatively protected compared with
patients receiving HD in-centre, so there may be disease trans-
mission in the centre [26]. Hence, home-based dialytic thera-
pies may be a safer option compared with centre-based HD
treatment.

Mortality in our transplant patient group was much lower
than in many series [27, 28]. There are important differences in
age, transplant duration, race, donor source and treatments,
which might affect the results. In a single-centre Italian study

Table 3. Continued

Characteristic All patients Dead Discharged P-value
N¼ 1160 N¼ 172 N¼ 988

CRP, n/N (%) (x of upper normal value)
<10 712/1160 (61.4) 44/172 (25.6) 668/988 (67.6) <0.001

�10 448/1160 (38.6) 128/172 (74.4) 320/988 (32.4)
COVID-19 related clinic presentation at the
time of diagnosis, n/N (%)

Mild–moderate disease 778/1155 (67.4) 22/171 (12.9) 756/984 (76.8) <0.001
Severe–critical disease 377/1155 (32.6) 149/171 (87.1) 228/984 (23.2)
Positive nasopharyngeal swab RT-PCR, n/N (%) 655/1160 (56.5) 106/172 (61.6) 549/988 (55.6) 0.139

COVID-19 drug treatments, n/N (%)
Oseltamivir 749/1075 (69.7) 129/161 (80.1) 620/914 (67.8) 0.002
Macrolides 917/1109 (82.7) 144/160 (90) 773/949 (81.5) 0.008
Chloroquine/hydroxychloroquine 1127/1150 (98) 165/171 (96.5) 962/979 (98.3) 0.137
Lopinavir–ritonavir 49/891 (5.5) 21/127 (16.5) 28/764 (3.7) <0.001
Favipiravir 334/971 (34.4) 109/145 (75.2) 225/826 (27.2) <0.001

Glucocorticoids 89/892 (10) 37/121 (30.6) 52/771 (6.7) <0.001
Tocilizumab 25/886 (2.8) 12/117 (10.3) 13/769 (1.7) <0.001
Convalescent plasma 5/883 (0.6) 3/117 (2.6) 2/766 (0.3) 0.019
Canakinumab/anakinra 6/885 (0.7) 2/118 (1.7) 4/767 (0.5) 0.185
Any side effects related to these drugs, n/N (%) 47/1050 (4.5) 10/135 (7.4) 37/915 (4) 0.078

Laboratory findings, median (Q1–Q3)
Creatinine (mg/dL), median (Q1–Q3) 1.58 (0.89–5.21) 2.6 (1.41–5.90) 1.4 (0.84–5.16) <0.001
Albumin (g/dL), median (Q1–Q3) 3.67 (3.2–4) 3.2 (2.8–3.6) 3.7 (3.3–4) <0.001
Ferritin (ng/mL), median (Q1–Q3) 394 (142–878) 598 (309–1420) 355 (126–815) <0.001
Haemoglobin (g/dL), mean 6 SD 11.8 (10.2–13.3) 11.3 (9.6–12.8) 11.9 (10.4–13.4) 0.001
Lymphocyte count (/mm3), median (Q1–Q3) 1055 (619–1590) 740 (400–1140) 1100 (670–1650) <0.001

Platelet count (�1000/mm3), median Q1–Q3) 209 (165–270) 184.5 (139.5–262) 214 (169–270) 0.001
Leukopaenia (<4000/mm3) 212/1142 (18.6) 39/170 (22.9) 173/972 (17.8) 0.112
Lymphopaenia (<1500/mm3) 629/1138 (55.3) 146/168 (86.9) 483/970 (49.8) <0.001
Anaemia (<10 g/dL) 377/1140 (33.1) 108/170 (63.5) 269/970 (27.7) <0.001
Thrombocytopaenia (<150� 103/mm3) 198/1141 (17.4) 72/171 (42.1) 126/970 (13) <0.001
LDH (>2�upper limit of normal) 277/1100 (25.2) 108/161 (67.1) 169/939 (18) <0.001
AST (>2�upper limit of normal) 187/1123 (16.7) 89/168 (53) 98/955 (10.3) <0.001

ADPCKD, autosomal dominant polycystic kidney disease; ACE, angiotensin-converting enzyme; ARBs, angiotensin II receptor blocker; ESA, erythropoiesis stimulating agents; mTOR,
mammalian target of rapamycin; MMF/MFA, mycophenolate mofetil/mycophenolic acid.
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including 20 patients, mortality was 25% and ICU admission
was 20% [27]. The transplant duration of patients in that se-
ries was significantly higher than in our series, and 75% of
patients were treated with lopinavir/ritonavir, which was not
superior to standard care in a randomized study [29]. In a re-
port from New York, 10 of the 36 (28%) kidney transplant
recipients died [28]. The characteristics of the patients were
very different from our study, i.e. 75% of those patients had
received a deceased donor kidney. Although they concluded
that RT patients had high mortality, recent data from New
York showed an almost similar mortality rate (21%) among
hospitalized patients [30]. The crude mortality rate of our
transplant patients was much higher than the control group
(11.1% versus 4.0%). However, the difference disappeared af-
ter PSM analyses. In the Cox regression model, the hazard
ratio (HR) was 1.897 and the CI was large (95% CI 0.761–
4.727). Hence, this may be due to the small sample size of the
RT patients. Therefore, we were unable to assess whether RT
patients were or were not at increased risk by this study. The
low mortality of our RT group may be, in part, explained by
the relatively young age of the group. Hence, RT mortality
may not be so high when compared with other patients in
their own population. There might be a possibility of the
anti-inflammatory and immune balancing effects of immu-
nosuppressives that could diminish the clinical expression of
COVID-19 [31–34]. The significantly higher mortality rate
in HD patients compared with RT patients with COVID-19
is a very important concern, and HD patients have a high
risk of dialysis centre-related viral transmission. This point should
be carefully considered for HD patients with suitable donors in
the pandaemic era, for which there has been an ongoing dramatic
decrease in the deceased donor pool and in overall solid-organ
transplantation procedures during the pandaemic period [35, 36].

The overall mortality of the patients in this study was
lower than in previous reports. This finding may be related to
the demographic, geographic and racial characteristics, and

treatment approaches of the patients. There may also be a role
of health systems and health infrastructure. National COVID-
19 guidelines are regularly updated and followed by all health-
care facilities and government institutions dynamically.
Moreover, all COVID-19 treatments and hospitalizations in
Turkey are covered by the government, even in private hospi-
tals. CT is easily available and used commonly for diagnosis,
which was found to be used in 90% of patients in all kidney pa-
tient groups. National online coordination of hospital and ICU
bed facilities and prompt hospitalization may have played a role
in these favourable outcomes.

This study has several limitations. This was a retrospective
study and the groups were not randomized. Urinalysis and
kidney images were not routinely analysed because they were
not regularly available in the pandaemic. Several data, such
as blood pressure, blood oxygen saturation, changes in kid-
ney functions and ICU care details, were not included in the
dataset. Another concern is that patients without a positive
RT-PCR were also included in the study. Only 56.4% of
patients were diagnosed based on RT-PCR test. RT-PCR-
negative patients were only included if their clinical findings
and CT findings were strongly suggestive of COVID-19.
However, RT-PCR test parameter as a variable in Cox analy-
ses did not show a significant effect on the results. On the
other hand, we planned to include one control group patient
per patient from the CKD groups (HD, RT and Stages 3–5
CKD) in the study, based on the order of arrival of the
patients. However, it was not possible to match one control
group patient to each CKD patient. The researchers and their
centres that participated in our study were all nephrology
centres. During the pandaemic, they also hospitalized
COVID-19 patients who did not have any nephrological
problem. Hence, sometimes patients came consecutively
from CKD groups, and sometimes a candidate patient had
exclusion criteria (such as acute kidney injury). Thus, the
number of control group patients was not equal to the sum of

Table 4. Cox regression model created for the analysis of independent variables associated with in-hospital death or combined outcome (death or ICU
admission)

Characteristic Dead Dead or ICU admission

P-value HR (95% CI for HR) P-value HR (95% CI for HR)

Age (years) 0.017 1.019 (1.003–1.034) 0.016 1.017 (1.003–1.032)
Gender (male) 0.659 1.086 (0.753–1.566) 0.476 1.131 (0.806–1.586)
Diabetes mellitus 0.885 1.027 (0.715–1.477) 0.622 1.089 (0.776–1.527)
Hypertension 0.189 0.721 (0.443–1.174) 0.487 0.850 (0.536–1.346)
Cardiovascular disease 0.262 1.242 (0.850–1.815) 0.814 1.043 (0.736–1.478)
COPD 0.310 0.806 (0.531–1.223) 0.283 0.809 (0.550–1.190)
Albumin (g/dL) 0.731 0.948 (0.697–1.288) 0.294 0.859 (0.647–1.141)
Haemoglobin (g/dL) 0.059 1.091 (0.997–1.194) 0.040 1.093 (1.004–1.189)
Lymphocyte count (/mm3) 0.650 1.000 (1.000–1.000) 0.459 1.000 (1.000–1.000)
Platelet count (�1000/mm3) 0.073 0.998 (0.996–1.000) 0.591 1.000 (0.998–1.001)
CRP increase �10� of upper limit 0.004 1.811 (1.213–2.704) 0.005 1.693 (1.169–2.451)
Clinic presentationa <0.001 5.819 (3.460–9.789) <0.001 4.805 (3.037–7.602)
COVID-19 diagnosis by RT-PCR 0.535 1.121 (0.781–1.608) 0.906 0.980 (0.703–1.366)
Patient group, control group (reference) 0.013 0.028
HD group 0.011 2.325 (1.210–4.467) 0.008 2.257 (1.236–4.121)
RT group 0.169 1.897 (0.761–4.727) 0.138 1.872 (0.818–4.286)
CKD group 0.001 2.880 (1.524–5.442) 0.003 2.440 (1.351–4.405)

aSevere–critical disease/mild–moderate disease.
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the number of CKD groups. As we used PSM analyses, it
should be considered that we can reduce the bias due to con-
founding variables, but this only accounts for observed cova-
riates. Hence, factors that cannot or are not observed are not
accounted for with this method.

In conclusion, hospitalized COVID-19 patients with
CKDs, including Stages 3–5 CKD, HD and RT, have signifi-
cantly higher mortality than patients without kidney disease.
Stages 3–5 CKD patients may have an in-hospital mortality
rate as high as HD patients, which may be in part because of
similar age and comorbidity burden. We were unable to as-
sess if RT patients were or were not at increased risk for in-
hospital mortality by this study, because of relatively small
sample size of the RT patients. Further research is warranted
to find measures and treatments to decrease the strikingly
high mortality in CKD patients with COVID-19 and to assess
the risk of RT patients.
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A B S T R A C T

Background. Acute kidney injury (AKI) is an important com-
plication of coronavirus disease 2019 (COVID-19), which could
be caused by both systematic responses from multi-organ dys-
function and direct virus infection. While advanced evidence is
needed regarding its clinical features and mechanisms. We
aimed to describe two phenotypes of AKI as well as their risk
factors and the association with mortality.
Methods. Consecutive hospitalized patients with COVID-19 in
tertiary hospitals in Wuhan, China from 1 January 2020 to 23
March 2020 were included. Patients with AKI were classified as
AKI-early and AKI-late according to the sequence of organ dys-
function (kidney as the first dysfunctional organ or not).
Demographic and clinical features were compared between two
AKI groups. Their risk factors and the associations with in-
hospital mortality were analyzed.
Results. A total of 4020 cases with laboratory-confirmed
COVID-19 were included and 285 (7.09%) of them were identi-
fied as AKI. Compared with patients with AKI-early, patients
with AKI-late had significantly higher levels of systemic inflam-
matory markers. Both AKIs were associated with an increased

risk of in-hospital mortality, with similar fully adjusted hazard
ratios of 2.46 [95% confidence interval (CI) 1.35–4.49] for AKI-
early and 3.09 (95% CI 2.17–4.40) for AKI-late. Only hyperten-
sion was independently associated with the risk of AKI-early.
While age, history of chronic kidney disease and the levels of in-
flammatory biomarkers were associated with the risk of AKI-
late.
Conclusions. AKI among patients with COVID-19 has two
clinical phenotypes, which could be due to different mecha-
nisms. Considering the increased risk for mortality for both
phenotypes, monitoring for AKI should be emphasized during
COVID-19.

Keywords: AKI, COVID-19, epidemiology, renal failure,
SARS-CoV-2

I N T R O D U C T I O N

Acute kidney injury (AKI) is rapidly emerging as a key threat in
coronavirus disease 2019 (COVID-19) in addition to respira-
tory diseases. The reported incidence of AKI ranged from 0.5%
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