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Abstract. Coronavirus disease 2019 (COVID-19) emerged at the end of 2019 and quickly
spread worldwide. Among the various comorbidities associated with severe disease, chronic
kidney disease (CKD) has been identified as one of the leading conditions. However, it is
not yet clear whether all stages of CKD pose the same risk for severe COVID- 19 infection.
Therefore, the objective of this study was to assess the impact of different stages of CKD on
the clinical characteristics, disease progression, and outcomes of COVID- 9.

Methods. This retrospective study focused on CKD patients who were admitted with
COVID-19. We analyzed various factors including demographic data, comorbidities,
symptoms, physical findings, laboratory test results, length of hospital stay, and in-hospital
outcomes. These factors were evaluated based on the different stages of CKD.

Results. A total of 284 CKD patients infected with SARS-CoV-2 were evaluated and
compared to 395 COVID-19 patients with normal kidney function. Among the CKD
patients, 86 were receiving dialysis. We observed significantly higher levels of C-reactive
protein, procalcitonin, D-dimer, and ferritin, as well as a significantly lower lymphocyte
count, in the CKD groups compared to the control group. There were significant differences
among the CKD groups in terms of biochemical markers, duration of hospital stay, rates
of ICU admission, and mortality. However, we did not find significant differences between
dialysis and non-dialysis CKD patients regarding the length of hospital stay, need for ICU
admission, and number of deceased patients.

Conclusions. The presence and severity of CKD should be considered crucial factors for
predicting the risk of COVID- 19. Patients with late-stage CKD who are hospitalized with
COVID-19 require increased awareness and close monitoring to reduce rates of ICU
admission and mortality.
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Eprion ITapmakcus!, Exigp Topyn ITapmakcus?

Yu onnakosmii pu3mk Hacaiakis COVID-19 nasa ycix nanieHTiB i3 XpoHIYHOIO
XBOP00010 HUPOK? PeTpocneKTHBHE JOCTiIKEHHS

HiBepCUTET MEIUYHUX HAyK TaJbCbKa MiChKa JIiKapHsI iM. Thi it TaMOy 1 YYKH.
'VuiBepcuter me ayk, Kapranbcbka MichKa Jiika im. JIo Kwupnapa, Cramoyi, Type a
2VHiBepcuTeT MEANYHMX HayK, HaByanbHa ikapHa Canvakrene Inxan Bapank, Ctam6yi, TypeuunHa

Pestome. Koponasipycna xeopooa 2019 (COVID-19) 3 asunacs nanpukinyi 2019 poky i wieudko nowupuiacs no
scvomy ceimy. Ceped pi3HUX CYNYMHIX 30X80pHO6AHb, N06 A3aHUX 3 maxckum nepebicom COVID-19, xponiuna xeopoba
Hupox (XXH) 6yna eusnauena sik o0na 3 npogionux. Oonax, énaue cmadii XXH na msockicmo COVID- 19 3anumacmocs
He susHauenum. Memoro yboeo docaioxcents 0yn0 oyinumu enaue piznux cmaditi XXH na KAiHiuHi Xapakmepucmuxu,
nepebie ma nacaioku COVID-19.

Memodu. Jlo uboeo pempocnekmuenoeo docaioxcents 3any4eno nauienmie 3 XXH, axi 6yau eocnimanizosani 3
COVID-19. Mu ananizysanu pizni ghakmopu, éxawouarouu demoepagiuni 0aui, Cynymui 3axe0pro8ants, CUMRMomU, ¢i-
BUKAAbHI 3HAXIOKU, pe3yabmamu 1a00pamopHux 0ocaioxceHb, mpusanicme nepeOyeanHs 6 AlKapHi ma egexmusHicmo
AIKY8aHHs 3a1excHo 8i0 cmadii XXH.

Pezyaomamu. Bcvoeo 6yno npoananizoeano 284 nayicuma 3 XXH, ingixosanux SARS-CoV-2, ma nopieusno 3
395 nauienmamu 3 COVID-19 3 nopmanvroro ¢ynxuicio nupok. Ceped nayienmie 3 XXH 86 ompumyesanu dianiz. Mu
cnocmepieanu 3nauno euuyi pieni C-peaxkmueno2o 6inka, npoxanvyumoHiny, D-oumepy ma pepumuny, a maxoxnc 3Ha4HO
Huxcyy Kinvkicmo aimpoyumis y epynax 3 XXH nopieusno 3 konmpoavhoro epynoro. Kpim moeo, cnocmepiearuce 3Ha4Hi
giominnocmi minc epynamu XXH 3 mouku 30py GioximivHux mapkepie, mpusaiocmi nepeOyeanHs 6 AiKapHi, yacmomu
eocnimanizayii 0o 8iddinenns inmencuenoi mepanii (BIT) ma cmepmruocmi. O0Hak mu He 3HAUWAU 3HAYHUX GIOMIHHOC-
meti mince nayicumamu 3 XXH, axi ompumyeanu dianriz, ma mumu, Xmo He Ompumyeas 0iaiiz, w000 mpueaiocmi nepe-

0yeanHs 6 nikapHi, nompebu 6 cocnimanizayii 6 BIT ma kiavkocmi nomepaux nayicHmie.

Bucnoexu. Hasenicmv ma cmadito XXH caid pozeasioamu K eupiuanvHi haxkmopu 045 NPOSHO3Y8AHHS PUSUKY
COVID-19. ITayicumam 3 mepminanionoro XXH, sxi eocnimanizoeani 3 COVID- 19, nompibna niosuwena yeaea ma cno-
cmepediceH s 05 3HUNCeHHs yacmomu eocnimanizayii 0o BIT ma cmepmuocmi.

KmouoBi ciioBa: xponiuna xeopooa nupox, COVID-19, ¢paxmopu pusuxy.

Introduction. A mysterious and dangerous viral
infection caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) emerged at the end of
2019 and afterward escalated to a pandemic. This di-
saster, namely Coronavirus disease 2019 (COVID-19),
presents a broad spectrum of clinical symptoms from
asymptomatic to respiratory failure and death [1].
Various organs, including the kidneys, may be involved
[2]. The underlying factors leading to recovery from
the infection or critical illness are being investigated.
Several poor prognostic markers have been identified.
Lymphopenia, elevated D-dimer, C-reactive protein
(CRP), ferritin, and procalcitonin are shown to be use-
ful in predicting the prognosis of COVID-19 [3-7].

Chronic kidney disease (CKD) is defined as a de-
crease in kidney function, estimated glomerular filtra-
tion rate (¢GFR), or evidence of kidney damage such
as increased albuminuria, abnormal urine deposits, or
structural abnormalities that persist for more than three
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months [8]. Staging of CKD is essential to aid clinicians
in management and to predict the risk of progression
and complications. Based on eGFR, CKD is grouped
into 5 stages.

CKD manifests as the second most common risk
factor for severe COVID-19, after advanced age [9-10].
The clinical course and the outcomes of COVID-19 in
different CKD stages need to be elucidated. We evalu-
ated the clinical characteristics, course, and outcomes
of COVID-19 in patients with CKD and compared
them to those without CKD. We aimed to investigate
the possible risk stratification for COVID-19 in differ-
ent stages of CKD.

Materials and methods. Study design. We con-
ducted this retrospective observational study on COV-
ID-19 patients with CKD, admitted to our hospital with
the diagnosis of COVID-19 between March 2020 and
February 2021. The study was approved by the Turkish
Republic Ministry of Health and the local ethics com-
mittee. (Approval number: 514/195/9, 10.02.2021)

Patients. The data of the consecutive patients ad-
mitted to dedicated COVID-19 wards in our hospital
between March 2020 and February 2021 were collect-
ed. SARS-CoV-2 was confirmed by a real-time RT-
PCR(reverse transcriptase polymerase-chain-reaction)
test. Throat-swab specimens from the oropharynx and
nasopharynx were obtained from all patients at admis-
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sion and were put in a viral-transport medium. All the
COVID-19 diagnoses were in accordance with guide-
lines provided by the Ministry of Health, COVID-19
Turkey National Health Commission.

The patients with the diagnosis of CKD were en-
rolled in the study. CKD was defined as the presence
of kidney damage or decreased kidney function for >
3 months, irrespective of the cause. CKD staging was
applied with the accepted classification [11]. Inclusion
criteria in the study group were as follows: Clinical,
laboratory, and/or radiological findings consistent with
COVID-19, need for hospital admission, and having
been diagnosed as CKD.

For comparison with CKD cases, the data of 395
age and gender-matched COVID-19 patients with nor-
mal renal functions have been studied.

The subjects who had no confirmed SARS-coV-2
infection, COVID-19 patients who did not have inpa-
tient admission, patients aged under 18, patients with
insufficient data required for the study protocol, and
patients with acute kidney injury were excluded from
data collection.

Data collection. The demographic data including
age and gender, and comorbidities, namely hyperten-
sion, cardiovascular disease, and chronic respiratory
disease of all patients were recorded. Data collected in-
cluded the most frequent symptoms (i.e., cough, fever,
dyspnea, fatigue, headache, chest pain, gastrointestinal
symptoms such as nausea, vomiting, or diarrhea). The
physical examination findings on initial admission were
examined; these included fever, blood pressure, heart

rate, and arterial oxygen saturation. All subjects had
been computerized tomography (CT) scanned on ad-
mission and radiological findings were recorded. The
laboratory test results on the date of admission included
complete blood count, renal and hepatic function tests,
electrolytes, lactate dehydrogenase, serum albumin,
D-dimer, ferritin, and CRP. The estimated glomerular
filtration (¢GFR) was calculated using Chronic Kidney
Disease Epidemiology Cooperation (CKD-EPI) equa-
tion [12].

Length of hospital stay, need for admission to in-
tensive care unit, the course, and outcomes during hos-
pitalization were recorded. Treatment protocols were
applied according to the COVID-19 guide of the Turk-
ish Ministry of Health [13].

Statistical Analysis. Categorical variables were
described as numbers (%). Continuous variables were
analyzed parametrically by means and standard devia-
tions, median, minimum and maximum. Differences
between categorical variables were calculated using the
chi-square method. Differences between continuous
variables were calculated using the T-test and ANOVA
test. Pearson analysis was used for correlation tests. A4
P-value less than 0.05 was considered statistically sig-
nificant. Statistical analyses were performed using
SPSS software (version 17.0).

Results. We evaluated 284 CKD patients infected
by SARS-coV-2 and compared them to 395 COVID-19
patients with normal renal functions. Eighty-six CKD
patients were on dialysis. The flowchart of the study
population is demonstrated in Figure 1.

The files of 1217 COVID-19 patients

admitted were examined for

eligibility.

295 were excluded due to
-Unconfirmed SARS-coV-2

-Age under 18 years

-Inadequate data

1
395 subjects with normal 527 subjects had GFR under
renal functions were taken 90 ml/min/1.73m*

243 subjects had GFR between
89-60 ml/min/1.73 m? and were

excluded

due to insufficient data to be
considered as CKD

1
78 subjects were 59 subjects were 55 subjects were
grouped as G3a grouped as G3b grouped as G4

92 subjects were
grouped as G5

86 subjects were J
on hemodialysis

Fig. 1. The flowchart of patient selection and classification.
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Table 1 shows the demographics, and comorbidities of the study population.

Table 1
The demographic characteristics of the study population
Control group G3a G3b G4 G5

Number of cases 395 78 59 55 92
Age(years)

Min-Max(Median) 19-85 (70) 29-93 (74) 47-92 (71) 31-94 (74) 19-92 (67)

MeantSD 70.18+13.55 71.87£13.03 71.69£11.08 71.96+13.62 62.32+16.09
Gender(female/male) 202/193 41/37 24/35 29/26 46/46
Comorbidities n (%) n (%) n (%) n (%) n (%)

Hypertension 120 (30.4) 52 (66.7) 47 (79.7) 42 (76.4) 56 (60.9)

DM 143 (36.2) 49 (62.8) 33(55.9) 30 (54.5) 42 (45.7)

Chronic lung disease 39(9.9) 18 (23.1) 12 (20.3) 9(16.4) 10 (10.9)

Cardiovascular disease 46 (11.6) 30 (38.5) 30 (50.8) 16 (29.1) 31(33.7)

Abbreviations. SD: Standard deviation, DM: Diabetes mellitus
*One-way ANOVA test

As presented in Table 1, the mean ages were 68.76
(£14.49) and 70.18(%=13.55) in the study and control
groups, respectively. Women accounted for 49% of the
CKD population and 51% of the control group. DM was
the leading comorbidity in the control group (36.2%);
while hypertension was the most frequent comorbidity in
CKD (69.4%). The most common presenting symptoms

were cough, fever, shortness of breath, fatigue, head-
ache, chest pain, and gastointestinal disturbances (nau-
sea, vomiting, diarrhea). Cough was the most frequent
presenting symptom in the control group, whereas CKD
patients presented more commonly with shortness of
breath. Nausea, vomiting, and diarrhea were most com-
mon in CKD patients in the G4 group (Fig. 2).

Gastrointestinal symptoms
Headache
Chest pain "G5
Symptoms Fatigue EmG4
mG3b
Dyspnea
G3a
Fever
B Control group
Cough

0 20

Percentages (%)

40 60 80

Fig. 2. The percentages of presenting symptoms in control and CKD groups.

The physical findings in different patient groups are demonstrated in Table 2.
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Table 2
The physical findings in different groups
Control group G3a G3b G4 G5 P-value*
Body temperature (°C)
Min-Max(Median) 36.0-39.7(36.8) | 36.0-39.1(36.7) | 36.0-39.5(36.7) | 36.0-39.0(36.7) | 36.0-40.0(36.7) 0.039
Mean+SD 37.1£0.79 36.8+0.65 36.910.75 36.8+£0.57 36.6+0.79
Systolic blood pressure
) 0.99
Min-Max(Median) 80-120(110) 80-190(120) 90-180(110) 90-160(115) 80-190(120) ’
Mean+SD 119.44+15.83 119.44+15.97 117.83+17.29 117.41+17.82 121.47421.46
Diastolic blood pressure
(mmtHeg) 0.4
Min-Max(Median) 40-110(70) 50-110(70) 55-90(70) 50-95(70) 40-120(70) ’
Mean+SD 72.2418.49 72.861+10.01 71.3318.34 71.09£10.84 73.80£12.99
Heart rate (beat/
minute) 0.10
Min-Max(Median) 57-130(85) 54-140(80) 60-140(80) 60-132(80) 50-140(84) ’
Mean+SD 87.23+14.83 83.64+12.95 84.19+17.16 82.94+13.44 87.10+17.64
Arterial oxygen
saturation (%) <0.001
Min-Max(Median) 64-99(95) 38-99(94) 60-98(92) 70-98(92) 60-99(93) ’
Mean+SD 93.79+4.79 91.51£7.92 93.79+4.79 90.81+5.47 90.42+7.31

Body temperature and arterial oxygen saturation
showed significant differences between the groups; the

latter was found to be lowest in group G5. The results of
the laboratory parameters are summarized in Table 3.

Table 3
The comparison of laboratory data
Control group G3a G3b G4 G5 P-value*
Creatinine(mg/dl)
Min-Max(Median) 0.26-0.07(0.66) 0.87-1.80(1.19) 1.20-2.13(1.57) 1.69-5.41(2.38) 3.08-20.44(5.77) 0,001
Mean+SD 0.6740.14 1.21£0.20 1.6140.24 2.6240.79 6.4742.92 :
Urea(mg/dl)
Min-Max(Median) 7.7706) 29-113(53) 10-275(68) 39-282(105) 46-376(134)
Mean+SD 57.75+18.80 76.63£38.41 108.56£46.71 143.14+61.83
27.35+£9.72
eGFR(ml/min/1.73 m2)
Median 51.50
106.00 38.30 22.20 9.00 <0.001
Mean+SD 107.22411.62 51.67+4.34 38.33+4.21 22.08+4.80 8.99+3.17
Leucocytes(/uL)
ﬁg;ffg’gMed‘an) 9006'97 11522262500) 3100-33600(7700) | 3400-23400(8400) | 2600-30600(7800) | 1100-36100(8100) |  <0.001
- - 8841£5123 964314649 9107+4967 9434£5292
Lymphoctes (/mm )
Min-Max(Median)
Mean+SD 200-6600(1400) 400-2900(1100) 200-3400(1100) 300-4800(850) 200-3200(1025) <0.001
- 14914817 11974521 11704628 1065+727 1156668
Hemoglobin(g/dL)
Min-Max(Median)
Mean+SD 6.80-17.00(12.90) | 7.80-14.40(11.50) | 6.70-15.20(11.50) | 7.50-14.90(10.45) 5.60-16.00(9.75) <0.001
- 12.88+1.79 11.97+3.43 11.42+1.76 10.43£1.70 9.8142.11
Platelets(/uL)
Min-Max(Median) 13000- 106000~ 44000- 61000- 30000- 0347
MeanxSD 1630000(210000) 859000(210000) 768000(212000) 748000(192000) 687000(196500) ’
226554111219 | 2343244112825 | 239155+110000 | 214981+102572 205025498878
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Continuation of Table 3
Control group G3a G3b G4 G5 P-value*

ALT(U/L)

ﬁ;’;ﬁfg’gmd‘an) 2.-270(24) 2-156(17) 4-146(17) 1-208(16) 3-386(14) 0.059

- 32.56+28.81 23.98+23.61 24.77425.47 30.05+42.71 23.42443.46

AST(U/L)
Min-Max(Median) 3-193(29) 8-207(25) 5-558(27) 7-412(26) 7-529(19) 0.427
Mean+SD 34.69+23.21 30.67+24.47 39.62+72.36 40.07£58.54 30.37£56.38
LDH(U/L)
Min-Max(Median) 20-2900(258) 134-651(255) 138-842(268) 70-1196(274) 138.-1587(270) 0.808
MeantSD 292.861+203.68 282.63£102.15 307.42+142.28 311.68+197.69 313.03£193.71
Sodium(mmol/L) 119-144(135)
Min-Max(Median) 21-149(136) 126-142(136) 122-153(135) 121-145(134) 134 5444 62 0.819
MeanSD 134.91+10.07 134.94£4.01 135.5245.86 133.4415.16 T
Potassium(mmol/L)

Min-Max(Median) 2.46-5.85(4.10) 2.90-6.40(4.47) 2.77-5.40(4.30) 2.90-6.88(4.60) 2.90-8.20(4.70) <0.001

Mean+SD 4.09+0.50 4.46+0.70 4.231+0.61 4.65+0.79 4.811+0.95
Albumin(g/L)

Min-Max(Median) 17-48(36.50) 22-48(35) 21-43(34) 19-47(33) 22-44(31.50) <0.001

MeantSD 35.64£5.81 34.1615.85 33.55£5.40 32.55+5.42 32.20+5.27
CRP(mg/L)

Min-Max(Median) 3.00-480.00(21.90) | 3.00-334.00(45.90) | 2.90-463.00(61.70) | 3.00-281.00(63.10) | 2.40-363.90(102.60) <0.001

Mean+SD 47.35£61.33 63.38+70.47 90.02+84.05 72.68+59.27 112.42490.82
Procalcitonin(pg/L)

Min-Max(Median) 0.02-3.32(0.07) 0.04-9.10(0.16) 0.06-8.50(0.28) 0.02-73.22(0.40) | 0.11-236.00(0.88) <0.001

Mean+SD 0.2240.49 0.52+1.45 1.15+2.12 3.26%13.03 10.34+37.22
D-dimer(pg/L)

Min-Max(Median) 150-30000(575) 230-30000(1340) | 190-20000(1195) | 170-14320(1670) 300-26240(1900) <0.001

MeantSD 1329+2820.90 2512.05+4356.86 | 2046.78+2874.13 | 3172.30£3700.23 | 2912.31+3697.43
Ferritin(pg/L)

Min-Max(Median) 2.90- 6.20- 12.70- 19.40- 13.60- <0.001

Mean+SD 10000.00(162.00) 1500.00(205.75) 1581.00(262.20) 2000.00(277.40) 2000.00(647.70)

- 380.26£764.67 318.55£357.46 461.661482.46 543.561558.89 835.261625.21

Abbreviations. eGFR, estimated glomerular filtration rate; ALT, Alanine transferase; AST, Aspartate transferase; LDH, Lactate

dehydrogenase; CRP, C-reactive protein.
*One way ANOVA test

Biochemical tests established to be associated with
poor prognosis such as CRP, procalcitonin, D-dimer,
and ferritin were significantly higher and lymphocyte
count was significantly lower in CKD groups. Com-
pared to the control group, the lymphocyte counts were
significantly lower in G3a (p<0.001), G3b (p=0.001),
G4(p<0.001), and G5 (p<0.001). Compared to the
control group, CRP values were significantly higher
in G3b (p=0.001), G4(p<0.004), and G5 (p<0.001).
Compared to the control group, the procalcitonin
values were significantly higher in G3b (p=0.013). D-
dimer was significantly increased in G3a(p=0.029),
G4(p=0.001), and G5 (p<0.001), and ferritin was sig-
nificantly increased in G5 (p<0.001) when compared to
the control group.

Correlation analysis revealed that eGFR was
significantly positively correlated with lympho-
cyte count(r=0.21, p<0.001) and significantly neg-
atively correlated with CRP(r=-0.30, p<0.001);
procalcitonin(r=-0.17, p=0.002); D-dimer(r=-0.19,
p<0.001); and ferritin (r=-0.19, p<0.001).

The duration of hospital stay was 7.03%£6.64(1-
52) days in the control group, 8.96+7.70(1-39) days
in group G3a, 7.97%6.73(1-40) days in group G3b,
10.29+6.86(1-30) days in group G4, and 10.74%9.49(1-
46) days in group G5. The difference showed a high-
ly significant difference among groups(p<0.001).
The number of days of hospital admission was nega-
tively correlated with e GFR values (r=-0.20, p<0.001)
(Fig. 3).
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Fig. 3. The distribution of length of hospital stay in control and CKD groups.

The percentages of patients who were discharged from the hospital, who needed ICU hospitalization, and
who were deceased are summarized in Figure 4.

100
90
80
70
60
50
40
30
20
10

0

90

Control group G3a G3b G4 G5

M Discharged M ICU hospitalization & Mortality

Abbreviation. ICU: Intensive care unit.

Fig. 4. The distribution of the outcomes of the groups expressed in percentages

The rate of ICU admission and mortality was low- The demographic characteristics and laboratory
est in subjects with normal renal functions. The number parameters of dialysis patients and CKD patients not
of deaths tended to increase in patients with eGFR<45 receiving dialysis are compared in Table 4.
ml/min/1.73 m2.
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Table 4
The comparison of laboratory data in dialysis and non-dialysis groups
Dialysis No Yes P-value*
Number of patients 198 86
Female/male 100/98 40/46
Age (years) <0.001
Min-Max(Median) 29-93(74) 19-94(67)
Mean+SD 72.02+12.72 61.26+15.81
Lymphocytes (/mm?3) 0.94
Min-Max(Median) 200-4800(1100) 300-3200(1000)
Mean+SD 1155+£620 11491666
CRP (mg/L) 0.001
Min-Max(Median) 2.90-463.00(54.20) 2.40-363.90(102.60)
Mean®SD 75.80+74.13 112.044+89.81
Procalcitonin (ug/L) 0.68
Min-Max(Median) 0.02-236.00(0.24) 0.07-27.88(1.46)
Mean=SD 3.354+22.37 4.9117.08
D-dimer (pg/L) 0.52
Min-Max(Median) 170-30000(1415) 270-10210(1960)
Mean+SD 2762.41+4258.03 2441.03+2014.30
Ferritin (ug/L) <0.001
Min-Max(Median) 6.20-2000.00(244.00) 29.00-2000.00(794.45)
Mean+SD 403.75+442.69 925.28+623.21

Abbreviation. CRP, C-reactive protein
*T-test

The mean number of days of hospital stay in pa-
tients undergoing dialysis, compared to other CKD
patients was 9.94%8.30 and 9.43+7.94 days, respec-
tively. The difference was not statistically significant
(p=0.62). Of 86 dialysis patients, 21 (24.4%) needed
ICU admission and 11 (12.8%) died. In non-dialysis
CKD patients, ICU admission and mortality rates were
25.3%(n=50) and 16.7%(n=33), respectively. The dif-
ferences between dialysis and non-dialysis groups were
not statistically significant (p=0.88 for ICU admission
and p=0.40 for mortality).

Discussion. Our analyses reveal that the degree of
renal function deterioration predicts poor outcomes in
COVID-19. Biochemical data proposed to be associ-
ated with poor COVID-19 outcomes, namely, lym-
phopenia, elevated CRP, procalcitonin, D-dimer, and
ferritin levels were found to be more pronounced in pa-
tients with CKD. One novel finding in our study is that
all CKD patients do not share the same risk for CO-
VID-19 outcomes. As the stage of CKD increases, the
risk of ICU admission and in-hospital mortality due to
COVID-19 increases. We claim that eGFR values ac-
count for risk stratification in COVID-19.

CKD has awell-defined link with adverse outcomes
in COVID-19. Especially CKD patients who have
progressed to kidney failure have an increased risk of
death from many causes, including cardiovascular dis-
ease (CVD) and infections [14]. The Global Burden of
Disease collaboration identified that worldwide, CKD
is the most prevalent risk factor for severe COVID-19.
A recent meta-analysis has confirmed that CKD is as-

sociated with an increased risk of COVID-19 infection
[15]. CKD is an independent risk factor for in-hospital
death and poor prognosis of SARS-CoV-2 infection
[16]. In the study by Yang et al, CKD that does not
require renal replacement therapy(RRT) was found to
be an independent risk factor for in-hospital death and
poor prognosis. Compared to COVID-19 cases without
CKD, those with CKD not requiring RRT showed a
higher incidence of in-hospital mortality. COVID-19
patients with CKD not undergoing dialysis had higher
D-dimer and neutrophil counts, and lower lymphocyte
and hemoglobin values. COVID-19 patients with CKD
who did not require RRT were prone to neutrophilia at
the time of hospitalization and worse clinical outcomes
than those without CKD [17].

In some European reports, the mortality rate in
hemodialysis patients diagnosed with COVID-19 has
been reported to be as high as 30-40% [18,19]. In-hos-
pital mortality in our dialysis patients was much lower
(12.8%). In previous reports, it has been stated that
patients receiving dialysis treatment were more vulner-
able to SARS-CoV-2, and those who were infected may
exhibit worse clinical characteristics than the general
COVID-19-infected population. A study found that
2% of patients undergoing dialysis had laboratory-con-
firmed COVID-19 tests, which is much higher than that
of the general population [2]. In light of our findings,
despite the negative prognostic impact of CKD on mor-
tality, dialysis does not appear to worsen the picture.

It has been presumed that individual risk for
COVID-19 patients with kidney abnormalities seems to
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be higher in men with advanced age and a worse coagu-
lation profile than those with normal kidney function
[20].

The degree of renal impairment is found to be as-
sociated with a worse prognosis. In a meta-analysis
conducted by Henry et al., higher mortality rates were
observed in advanced stages of CKD, namely stages 3-5
[21]. In the study of Gok et al, the risk factors for mor-
tality were determined as CKD stage 3-5, male gender,
diabetes mellitus, hypertension, and malignancy. In
addition, the mortality rate of patients with CKD stage
3-5 was significantly higher than that of patients with
CKD stage 1-2 [22].

Williamson et al recently published that advanced
CKD (stages 4 and 5), was among the conditions con-
veying the highest risk of death and notably higher than
that conferred by all other factors. According to the
analysis, dialysis and CKD represented two comor-
bidities associated with the highest risk of death from
COVID-19 [9]. Results from the ERA-EDTA Registry
further support the high mortality due to COVID-19
in dialysis patients. The 28-day mortality was 20.0% in
3285 patients receiving dialysis [23].

There are some limitations of our study. First, the
follow-up period is limited to the duration of hospital
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