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Abstract: Background: Acute kidney injury (AKI) was found in some patients with COVID-19 pneumonia and accom-
panied with poor outcomes. The objective of this study was to investigate the association of AKI with clinical out-
comes in COVID-19 patients. Methods: In this cohort study, we reviewed electronic medical data from patients with
COVID-19 in Shenzhen from January 11 to February 19, 2020. Clinical features and clinical outcomes in COVID-19
patients with and without AKI were analyzed. Further, we evaluated the association between AKI development and
clinical outcomes. Results: In this study, 9.6% patients developed AKI during hospitalization. Those with AKI pre-
sented older age, severer pneumonia, more comorbidity and lower lymphocyte count. Totally, more patients (77.5%)
had primary composite outcomes (intensive care unit (ICU) admission, use of high-flow nasal cannula (HFNC) and
mechanical ventilation) in AKI group compared to non-AKI group (2.9%) during the observation period. The median
length of stay (LOS) and ICU stay were longer among those with AKI. After adjusted for related covariates, AKI devel-
opment was independently correlated with LOS (B (95% Cl): 9.16 (3.87-14.46)), rather than primary outcomes (HR
(95% Cl): 1.34 (0.56-3.21)) in COVID-19 patients. Conclusions: The development of AKI was not one of the reasons
for ICU admission, use of HFNC and mechanical ventilation, but a kind of manifestation of severe iliness in COVID-19
hospitalized patients.
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Introduction ents had abnormal kidney function during their
hospital stay [6]. An upswing in-hospital mortal-
ity (33.7%) was found in patients with elevated
baseline serum creatinine. Patients developed

with acute kidney injury (AKI) had increased

Since December 2019, a novel coronavirus,
designated as acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2), induced pandemic

rapidly around global [1-3]. The World Health
Organization finally coined the disease as co-
ronavirus disease 2019 (COVID-19). As of July
2020, this disease has spread 215 countries
and regions and infected more than 10 mil-
lion people, resulting in over 500,000 deaths
worldwide [4]. Although the lungs were the
main target organ of COVID-19, other organs
(e.g. kidney) were also involved during the pro-
gression of the disease [5]. A recent report
from China found that more than 40% pati-

the probability of other adverse events (e.g.
cardiovascular events) [7]. Thus, determining
the association of AKI occurrence and clinical
outcomes in COVID-19 patients is helpful for
early implementing preventative measures and
improving the prognosis.

AKI developed in about 0.5% to 36.6% patients
infected with SARS-CoV-2 from the reports of
China and other western countries [8, 9]. Diff-
erent incidences may be ascribed to the study
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populations and the criteria of AKL. Among
these studies diagnosed AKI was mostly bas-
ed only on the changes of serum creatinine,
which was probably underestimated the inci-
dence in clinical practice. So, it was urgently
warranted that adding the records of urine vol-
ume to monitor the development of AKI during
the hospitalization, especially for the patients
admitted to intensive care unit (ICU). Chao et
al. found that patients developing AKI intend-
ed to ICU admission, prolonged length of stay
(LOS) and the use of mechanical ventilation
[10]. Patients undergoing these events above
were usually surged expenditure and worse
prognosis. In light of the enormous economic
and disease burden of these patients, it is the-
refore vital to focus on the association of AKI
with these outcomes in newly onset COVID-19
patients.

In this retrospective cohort study, we totally
recruited 417 patients confirmed with COVID-
19 in a designated local tertiary hospital in
Shenzhen. The demographic, clinical features,
laboratory findings and clinical outcomes were
described in detail. Then, we analyzed to deter-
mine the association between AKI with clinical
outcomes, including ICU admission, adminis-
tration of high-flow nasal cannula (HFNC) and
mechanical ventilation and LOS.

Patients and methods
Participants and data collection

In this study, we enrolled consecutive patients
with COVID-19 admitted to the Third People’s
Hospital of Shenzhen from January 11 to Feb-
ruary 19, 2020, which was the only designat-
ed hospital for the treatment of patients with
COVID-19 in Shenzhen, China. The study was
approved by the Ethics Committee of the Third
People’s Hospital of Shenzhen. The clinical out-
comes of the patients were monitored up to
April 24, 2020. The confirmed diagnosis of
COVID-19 was based on the criteria issued by
the Chinese National Health Commission. The
demographical features, clinical characteris-
tics and laboratory data were collected from
electronic medical records. The clinical charac-
teristics were mainly consisted of the types of
COVID-19 pneumonia, blood pressure and
comorbidities. The laboratory investigation
included blood routine indices, liver, myocardi-
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al, coagulation and kidney function tests and
blood gas analysis. Besides these, the levels of
serum creatinine and urine output were moni-
tored intermittently during hospitalization. The
thresholds of these biochemical parameters
were set by laboratory medicine in hospital.

The primary composite outcome was ICU ad-
mission, the use of high-flow nasal cannula
oxygen therapy and mechanical ventilation.
These outcomes were also applied in H7N9
infection to assess the severity of infectious
disease [11]. The secondary outcomes were
the duration of ICU stay and LOS during follow

up.
Definitions

The severity of COVID-19 patients was staged
into four types: mild, moderate, severe and
critical severe, according to the guidelines for
diagnosis and treatment of COVID-19 issued
by Chinese National Health Commission (trial
fiftth edition). AKI was defined as the 2012
Kidney Disease: Improving Global Outcomes
criterion [12]. The urine output was recorded
as 24 hours for the sake of convenience in
clinical practice. Simultaneously, patients with
urine output reached the criteria just on the
first day of hospitalization were designated as
non-AKI because of uncertain of record time.
The baseline Scr was the first value after ad-
mission. The stages of AKI were classified us-
ing the Acute Kidney Injury Network criteria
[13].

Statistical analyses

Continuous variables were presented as mean
+ standard deviation or median (interquartile
range); categorical variables were performed
as percentages in the descriptive data. Inde-
pendent samples t test and Wilcoxon rank-sum
test were used to compare means and median
between groups, respectively. Rate compari-
sons were expressed by chi-square test or Fi-
sher’s exact test as appropriate. The missing
data were used multiple imputation when the
missing percentage less to 20%. The cumula-
tive rates of AKI and primary composite out-
comes were calculated using the Kaplan-Meier
method. The log-rank test was used to com-
pare the cumulative rates of composite out-
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Table 1. Demographical and clinical features of patients with COVID-19

Variables Al AKI Non-AKI Missing
(n=417) (n=40) (n=377) value

Age, yr 452 + 17.7 60.1+ 125 43.7+174 <0.001 0
Male 198 (47.3) 26 (65.0) 172 (45.6) 0.020 0
Days from illness onset to admission, d 3(1-6) 4 (2-8) 3(1-5) 0.026 0
The COVID-19 type of admission <0.001 0

Mild 39 (9.4) 1(2.5) 38(10.1)

Moderate 351 (84.2) 25 (62.5) 326 (86.5)

Severe 23 (5.5) 11 (27.5) 12 (3.2)

Critical 4 (1.0) 3(7.5) 1(0.3)
The severest COVID-19 type during hospitalization <0.001 0

Mild 16 (3.8) 0(0.0) 16 (4.2)

Moderate 309 (74.1) 5(12.5) 304 (80.6)

Severe 53 (12.7) 7 (17.5) 46 (12.2)

Critical 39(9.4) 28 (70.0) 11 (2.9)
Fever on admission 277 (66.4) 30 (75.0) 247 (65.5) 0.227 3
Systolic blood pressure, mmHg 125(116-137) 136 (125-144) 125(115-136) 0.159 11
Diastolic blood pressure, mmHg 80 (74-88) 81 (77-89) 80 (73-88) 0.999 11
BMI (kg/m?) 23.1(21.0-25.4) 25.6(22.6-27.5) 22.9(20.8-25.1) 0.403 3
Any Comorbidity 100 (24.0) 19 (47.5) 81 (21.5) <0.001 9
COPD 16 (3.8) 5(12.5) 11 (2.9) 0.003 9
Hypertension 55 (13.2) 15 (37.5) 40 (10.6) <0.001 0
Diabetes 19 (4.6) 5(12.5) 14 (3.7) 0.011 0
Coronary heart disease 26 (6.2) 10 (25.0) 16 (4.2) <0.001 0
Cerebrovascular disease 3(0.7) 1(2.5) 2 (0.5) 0.161 0
Chronic liver disease 13 (3.1) 1(2.5) 12 (3.2) 0.813 9
Tumor 6 (1.4) 0(0.0) 6 (1.6) 0.438 9
In-hospital mortality 3(0.7) 3 (100) 0(0.0) < 0.001 0

AKI, acute kidney injury; BMI, body mass index; COPD, chronic obstructive pulmonary disease.

comes over time between AKI and non-AKI gr-
oup. The association of AKI and primary com-
posite outcomes was determined by Cox pro-
portional hazard regression analysis, respec-
tively. In multivariable regression model, cova-
riates were age, gender, the severest type of
disease during hospitalization, any comorbidi-
ties and lymphocyte count. Statistical analy-
ses were used the SAS software (version 9.4,
SAS Institute, Cary, NC).

Results
Demographical and clinical features

In total, 417 patients with confirmed COVID-19
were admitted to the Third People’s Hospital
of Shenzhen. Among these patients, the mean
age of patients was 47.3 years and 47.3% (26
of 417) patients was male (Table 1). 6.4% pa-
tients were severe and critical cases at admis-
sion and the percentage increased to 21.1%
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during the hospitalization. 24.0% patients we-
re recorded to have at least one kind of co-
morbidity. Forty patients (9.6%) were diagnos-
ed as having AKI during hospitalization. The
median time from admission to the develop-
ment of AKI was 5 days (range, 2-11 days,
Figure 1). Those patients with AKI were older,
male-preponderant and were more severely ill-
ness compared with those without AKI. The
percentage of patients fulfilled with the admis-
sion diagnoses of severe and critical case was
sharply increased from 35.0% to 87.5% in AKI
during follow-up. Meanwhile, patients with AKI
were more likely to have comorbidity than pa-
tients without AKI (47.5 vs. 21.5%, P < 0.001).
All three death cases occurred in AKI group,
the median time to death was 32 days (range,
29-34 days).

Laboratory findings

Among the 417 patients infected with COVID-
19, both lymphocyte and platelet counts were
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Figure 1. The frequency distribution of AKI diagnosis relative to time of pri-
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shows the time sequence
of AKI and primary composite
outcomes during follow-up
period. Of patients who had
AKI and primary outcomes,
38.7% (12/31) had the onset
of AKI within one day of pri-
mary outcome events. 54.8%
(17/31) patients had AKI after
primary endpoint events. The
median time from initial AKI to
primary outcomes was O (IQR:
1-9) days. The baseline char-
acteristics of AKI 1 (AKI occur-
red before the primary com-
posite events or at the same
time) and AKI 2 (AKI occurred
after the primary composite
events patients) were present-

ed in Supplementary Table 2.

mary composite outcomes in COVID-19 patients. The median of initial AKI

diagnosis relative to initiation of primary composite outcomes O (IQR: 1-9)
days. Of these who occurred AKI and primary composite events (n = 31),
38.7% patients happened AKI and primary outcome events at the same
day. 54.8% and 6.5% patients developed AKI after and before primary out-

come events.

significantly declined, especially in those with
AKI (Table 2). In addition, the proportions of
cases with abnormal liver, coagulation and my-
ocardial functions were much higher in pati-
ents with AKI patients (P < 0.05). From the first
kidney function test after admission, patients
with AKI demonstrated apparently higher Scr,
blood urea nitrogen, B,-microglobulin and cys-
tatin C levels. Besides, more than half pati-
ents presented higher erythrocyte sedimenta-
tion rate and high-sensitivity C-reactive pro-
tein level, which was particularly higher in AKI
patients (95% vs. 69.5%, P < 0.001; 87.5% vs.
51.2%, P < 0.001).

Primary and secondary outcomes

Totally 42 patients occurred primary composite
outcomes (either admission ICU, use of HFNC
or mechanical ventilation) during the obser-
vation period. The incidence of primary com-
posite outcome in AKI group was nearly 25
times as high as the non-AKI group, especial-
ly in the use of mechanical ventilation (62.5%
vs. 2.7%, p < 0.001, Table 3). Furthermore, the
severer AKI stage was usually accompanied
with higher percentage of primary composite

events (Supplementary Table 1). Figure 1
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As for the secondary outcom-
es, median of the LOS and
ICU stay were 28 days and 11
days in all COVID-19 patients,
respectively. LOS was signifi-
cantly longer among AKI pa-
tients. However, there were no significant differ-
ence of ICU stay, duration of HFNC, invasive
mechanical ventilation (IMV) and non-invasive
mechanical ventilation between those two
groups. The LOS, ICU stay and duration of IMV
were much longer when patients developed
severer AKI (Table 3).

Cumulative incidence of AKI and primary
outcomes

Because the onset of AKI was usually acute
and duration was short, we examined the rela-
tively short-term outcomes of development of
AKI (e.g. 28 days). Thirty-eight (9.1%) AKI ca-
ses were identified after admission 28 days.
The cumulative risk curve of developing AKI
in this cohort study is shown in Figure 2. Over
30 AKI cases (78.9%) were appeared in the
first 9 days after admission. Figure 3 presents
the cumulative risk of primary composite out-
comes between AKI and non-AKI group. Over-
all, there was distinct difference of increasing
trend between these two groups. The cumula-
tive incidence of primary composite outcomes
(73.7%) in patients developed AKI was increa-
sed sharply at the beginning 9 days, whereas
the proportion in patients without AKI was just
2.4%.
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Table 2. Laboratory data of patients with COVID-19 on admission

Variables All AKI Non-AKI Pvalue Missing
Blood cell counts
White blood cells (x10°%/L) 50+1.9 5.0+2.0 5.0+1.9 0.934 80
Lymphocyte (x10°/L) 1.5+0.7 1.0+04 1.5+0.8 <0.001 70
Hemoglobin, g/L 138 + 16 139 + 18 138 + 16 0.666 80
Platelet (x10°/L) 189 + 59 164 + 54 192 + 58 0.004 80
Liver functional indices
AST > 40 U/L 90 (21.6) 20 (50.0) 70 (18.6) <0.001 119
ALT > 40 U/L 60 (14.4) 11 (27.5) 49 (13.0) 0.013 84
Total bilirubin > 20 mmol/L 29 (7.0) 5(12.5) 24 (6.4) 0.180 115
Albumin < 35 g/L 5(1.2) 5 (100.0) 0(0.0) <0.001 137
Myocardial functional indices
Creatinine kinase > 60 U/L 87 (20.9) 13 (32.5) 74 (19.6) 0.057 75
CK-MB > 18 U/L 1(0.2) 1(2.5) 0(0.0) 0.096 311
D-dimer > 0.5 mg/L 56 (13.4) 20 (50.0) 36 (9.5) <0.001 282
cTnl > 1.5 ng/mL 132 (31.7) 30(75.0) 102 (27.1) <0.001 278
Coagulation functional indices
PT>145s 3(0.7) 0(0.0) 3(0.8) 1.000 281
APTT >42s 15 (3.6) 6 (15.0) 9(2.4) 0.001 282
Blood Electrolytes
Sodium 138 + 3.0 139+ 2.7 138 + 3.0 0.111 35
Potassium 39+04 3.9+0.4 3.9+04 0.474 35
Blood gas analysis
pH 7.42 £ 0.03 743 £ 0.04 7.42 £ 0.03 0.571 102
PCO,, mmHg 26.0 (24.5-28.6) 23.3(22.9-26.1) 26.3(24.6-28.6) 0.012 308
PO,, mmHg 96.0 (82.2-110.7) 99.0 (87.0-114.4) 95.3(82.0-110.4) 0.210 96
Oxygenation index, < 300 mmHg 72 (17.3) 10 (25.0) 62 (16.5) 0.174 100
Kidney function
Creatinine, umol/L 63.0 (52.0-77.0) 68.5(54.5-96.5) 62 (52-76) 0.024 2
BUN, mmol/L 3.91(3.18-4.80) 5.43(3.69-6.51) 3.84(3.17-4.67) <0.001 2
B,-MG, umol/L 2.94 (2.32-3.56) 3.76(2.77-4.42) 2.89(2.31-3.43) < 0.001 7
CysC, mg/L 0.79(0.67-0.92) 1.04 (0.86-1.21) 0.77 (0.68-0.89) < 0.001 e
Inflammation-related indices
ESR > 15 mm/h 300 (71.9) 38 (95.0) 262 (69.5) <0.001 119
High-sensitivity C-reactive protein > 10 mg/L 228 (54.7) 35 (87.5) 193 (51.2) <0.001 84
Procalcitonin > 0.5 ng/mL 17 (4.1) 4 (10.0) 13 (3.5) 0.046 115
LDH, U/L 311 + 205 492 + 359 292 + 171 0.001 137

AKI, acute kidney injury; AST, aspartate transaminase; ALT, alanine transaminase; CK-MB, creatine kinase isoenzyme MB; cTnl, cardiac troponin
I; PT, prothrombin time; APTT, activated partial thromboplastin time; BUN, blood urea nitrogen; B,-MG, B,-microglobulin; CysC, cystatin C; ESR,
erythrocyte sedimentation rate; LDH, lactate dehydrogenase.

Association of AKI with primary and secondary
outcomes

On invariable analysis, AKI development had
nearly 32-fold hazard odds (95% Cl, 16.27 to
65.04) of occurrence of primary adverse out-
comes in Cox proportion hazard regression. AKI
was still positively associated with primary out-
comes (HR (95% CI): 2.40 (1.09-5.31)) after
adjusted for age, sex, the severest type of dis-
ease, any comorbidity and lymphocyte count
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(Table 4). After excluded the cases that AKI
developed after primary outcomes, the inde-
pendent association between AKI and primary
events was absent (HR (95% Cl): 1.34 (0.56-
3.21)). Additionally, no interaction was found
between AKI and age or sex, so we did not fur-
ther stratify by age or sex in regression analysis
(p for interaction = 0.057, 0.807).

During follow up, patients with AKI had 1.7-
folds LOS compared with non-AKI patients,

Am J Transl Res 2020;12(10):6931-6940
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Table 3. Primary and secondary outcomes in patients with COVID-19

Outcomes All AKI Non-AKI Pvalue  Missing
Primary outcomes
Composite 42 (10.1 31(77.5) 11 (2.9) <0.001 0
Admission to ICU 34 (8.2) 26 (65.0) 8(2.1) <0.001 0
HFNC 26 (6.2) 19 (47.5) 7(1.9) <0.001 0
Any administration of mechanical ventilation 35 (8.4) 25 (62.5) 10 (2.7) <0.001 0
IMV 17 (4.1) 15 (37.5) 2 (0.5) <0.001 0
NIV 33(7.9) 23 (57.5) 10 (2.7) <0.001 0
Secondary outcomes
Length of stay, d 28 (15-28) 34 (21-54) 20 (15-26) <0.001 8
ICU stay, d 11 (5-26) 15 (6-32) 6.5(4.5-11.0) 0.084 3
Duration of HFNC, d 2 (1-6) 2 (1-5) 2 (1-6) 0.848 0
Duration of IMV, d 17 (10-23) 17 (10-28) 8 (6-10) 0.073 0
Duration of NIV, d 5 (3-7) 5 (3-7) 7 (5-7) 0.299 0

AKI, acute kidney injury; IMV, invasive mechanical ventilation; NIV, non-invasive mechanical ventilation; HFNC, high-flow nasal

cannula; ICU, intensive care unit.
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Figure 2. Cumulative incidence of acute kidney injury
of patients with COVID-19. AKI, acute kidney injury.

respectively. Table 5 shows the results of the
invariable and multivariable linear regression
analysis of AKI associated with LOS. The devel-
opment of AKI after admission prolonged LOS
both in invariable (B (95% CI): 19.71 (15.37-
24.05), p < 0.001) and multivariable (B (95%
Cl): 9.16 (3.87-14.46), p < 0.001) results.

Sensitivity analysis

To further ascertain the association between
AKI with primary outcomes, we made serial
sensitivity analyses in different condition. Bas-
ed on only the changes in serum creatinine
levels or urine output, 13 and 32 cases were
identified as AKI during hospitalization, res-
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Figure 3. Time-dependent risk of reaching to the
composite endpoints between patients with (red
curve) or without AKI (green curve). AKI, acute kid-
ney injury.

pectively. AKI occurring during hospitalization
was not associated with primary composite
outcomes in patients diagnosed AKI with only
urine output (HR (95% CI): 2.11 (0.97-4.59))
rather than with serum creatinine levels (HR
(95% CI): 0.90 (0.97-4.59), Supplementary
Table 3). Before multiple imputation, AKI
remained increased nearly 2-folds risk of reach-
ing primary composite outcomes.

Discussion

COVID-19 is a new contagious disease already
caused global pandemic with high morbidity.

Am J Transl Res 2020;12(10):6931-6940
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Table 4. Cox regression analysis for association of AKI with pri-
mary composite outcomes of patients with COVID-19 at different
conditions?

Primary composite
AKI outcomes outcomes 1

Primary composite

HR (95% Cl) P value HR (95% Cl) P value

Model 1° 32.53 (16.27-65.04) <0.001 16.98 (7.82-36.86) < 0.001
Model 2° 19.00 (8.94-40.38) <0.001 9.28(3.99-21.54) <0.001
Model 3°  2.40 (1.09-5.31) 0.030 1.34 (0.56-3.21) 0.506

Primary composite outcomes 1, only recognized the cases that AKI occurred be-
fore the primary composite events or at the same time as positive cases, the rest
cases were negative cases. 2Univariable regression analysis; "adjusted for age
and sex; °adjusted for age, sex, the severest type of admission, any comorbidity,

As described, SARS-CoV-2 ma-
inly facilitated the virus entry
into host cells via angioten-
sin-converting enzyme-2 (ACE-
2) [18]. The surface of kidney
tubular cells abundantly distri-
buted ACE-2, so the infection
of SARS-CoV-2 may stimulate
the local immune response and
further induced occurrence of
AKI. From the findings of SA-
RS-CoV-2 infected postmortem
revealed that varying degrees

and lymphocyte count. AKI, acute kidney injury.

Table 5. Linear regression analysis for as-
sociation of AKI with length of stay in patients
with COVID-19

AKI B 95% ClI P-value
Length of stay
Model 1° 19.71 15.37-24.05 < 0.001

Model 2° 17.94 13.45-22.43 < 0.001
Model 3¢ 9.16 3.87-14.46 <0.001
aUnivariable linear regression analysis; *adjusted for
age and sex; “adjusted for age, sex, the severest type of
admission, any comorbidity, and lymphocyte count. AKI,
acute kidney injury.

Multiple studies found that many other organs
were often affected including the kidneys ra-
ther than lung. More than 75.4% patients with
SARS-CoV-2 had evidence of renal abnormali-
ties, which was consistent with the findings in
patients with other critical illness [14, 15]. Al-
though the incidence of AKI varied greatly am-
ong different studies related to COVID-19, they
all found that the occurrence of AKI and the
stage of AKI were closely related to poor prog-
nosis [9, 16, 17]. It has been reported that the
development of AKI in COVID-19 patients in-
creased the 29-folds odds of presence of com-
posite primary end point, including ICU admis-
sion, use of invasive mechanical ventilation
and in-hospital death, compared to the pati-
ents without the occurrence of AKI [2]. How-
ever, the causal relationship of AKI on the ICU
admission, the administration of mechanical
ventilation and length of stay in patients in-
fected with SARS-CoV-2 was rare. Therefore,
we focused on causal correlation of the incur-
rence of AKI with those adverse outcomes in
this cohort study deeply.
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of acute tubular necrosis, lumi-

nal brush border sloughing and

hyaline casts in kidney tissues,
which was identical with the development of
AKI [19]. The etiology of AKI in COVID-19 pati-
ents was also required fully elucidated. First,
SARS-Cov 2 may exert destructive effects on
kidney tissue via angiotensin converting en-
zyme 2-dependent pathway [20]. Also, the for-
mation of thrombus in COVID-19 patients pro-
bably is another related factor could be attrib-
uted to AKI, which may reduce the blood per-
fusion of kidney and then cause the tubular
cells necrosis [21]. Recently, it has been sh-
own that SARS-Cov 2 could stimulate cytokine
storm, which induce the release of circulating
substances and then deposited in the kidneys
[22]. The immune complexes located in kid-
neys may further caused varying degrees of
acute tubular necrosis, including luminal brush
border sloughing, casts formation and micro-
thrombi [23]. Therefore, multiple biological me-
chanisms have reported during the process of
COVID-19-induced AKI.

Several studies found that higher proportion
of comorbidities in patients infected with SA-
RS-Cov 2, including diabetes, COPD and other
chronic diseases. Gao et al. illustrated the in-
crease susceptibility to ischemia-induced renal
dysfunction in diabetes animal model, mani-
festing that TNF-a and Toll-like receptor 4
mRNA involved this process [11]. Our recent
study also demonstrated the independent as-
sociation of diabetic mellitus and failed renal
recovery in AKI patients used a cross-section-
al survey in China (unpublished data). As for
the COPD, a kind of common chronic lung dis-
ease, AKIl occurred in 21% patients with acute
exacerbation of COPD (AECOPD). What's more,
AECOPD with AKI patients presented higher in-
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hospital mortality, longer ICU stay and longer
hospitalization. And, AKI might be a poor prog-
nostic predictor of COPD patients’ survival
[24]. In total, patients with chronic comorbidi-
ties were susceptible with AKI patients. The
susceptibility probably also found in patients
with COVID-19.

The incidence of AKI was 9.6% according to
the serum creatinine and urine output in our
cohort study, which was slightly higher than the
results from other perspective cohort study
(5.1%, based only on the serum creatinine lev-
els) [6]. In our analysis, AKI mostly developed
in 9 days after admission that coincided with
other two COVID-19 related studies [17, 25]. It
should be noted that, Jamie et al. determined
53.6% AKI patients required invasive mechanic
ventilation and the proportion in no AKI pati-
ents was only 3.5% [3]. The ratios in our co-
hort study were 57.5% and 2.7%, respectively.
To consider more adverse events, we compos-
ited primary outcomes into analysis (ICU ad-
mission, administration of HFNC and mechani-
cal ventilation) and the incidence of this com-
posite outcomes was much higher in AKI pati-
ents compared with no AKI (77.5% vs. 10.8%).
The time sequence and causal relationship
between AKI and primary composite events in
COVID-19 was not fully evaluated in previous
studies. In our study, 93.5% (29/31) had the
AKI development after primary outcome events
or at the same day, so we could speculate that
AKI development was a part of severe mani-
festations, rather than one of the reasons of
primary outcome events.

The development of AKI was independently
associated with prolonged the hospital stay
(3.6 days) in patients undergone percutane-
ous coronary intervention in the United State
[26]. This relation was also found in the COVID-
19 patients group after adjusted for relative
confounders. However, the difference in our
analysis turned out to be even bigger (14 days),
suggesting that more serious impact on SARS-
CoV-2 infected patients induced by AKI occur-
rence. The other reason for this phenomenon
might the more AKI patients with onset of mild
or moderate on admission progressed to the
severe cases during the hospitalization than
non-AKI patients (80.0% vs. 12.3%). In critical-
ly ill children, the presence of AKI and severe
AKI stages were persistently associated with
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longer ICU length of stay and mechanical ven-
tilation [27], the results almost identical with
our findings in COVID-19 patients. The possible
pathophysiology reasons for this great differ-
ence were fluid imbalance, acid-basic distur-
bance and cytokine storm after infected with
SARS-CoV-2 [28, 29], especially in patients
occurred AKI. However, the underlying mecha-
nism of AKI deteriorated prognosis and pro-
longed hospital stay need further investiga-
tion.

Although the study demonstrated the associa-
tion of AKI with poor outcomes in COVID-19
patients, it still has several limitations in this
single center cohort study. First, the number
of patients in this research is limited, but we
already enrolled 98.6% patients with COVID-
19 in Shenzhen up to June 29, 2020. Second,
repeated measurements of blood creatinine
and urine volume records were not completed
for all patients, which will cause the incidence
of AKI to be underestimated. Third, AKI identi-
fied in this study should be more serious than
the missed cases, so the overestimation of the
strength of the exposure-outcome association
cannot be ruled out. However, such limitations
also presented in other similar studies, and
this study has done better than other studies
at this point. Fourth, we could not observe the
long-term prognosis of all patients in this stu-
dy that was constrained by the duration of fol-
low-up. Fifth, although we adjusted for the re-
lative covariates in Cox regression analyses,
the unknown and immeasurable confounders
might also play a role.

Conclusion

In summary, there was no apparently causal
relationship between AKI development and
ICU admission, use of HFNC and mechanical
ventilation in COVID-19. AKI was just a kind of
manifestation of severe illness during hospita-
lization.
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Supplementary Table 1. The clinical outcomes of COVID-19 patients stratified by AKI staging

Outcomes AKl stage 1 (n=27) AKl stage 2+3 (n=13) P value
Primary outcomes
Composite, n (%) 20(74.2) 11 (84.6) <0.001
Admission to ICU, % 15 (55.6) 11 (84.6) <0.001
High-flow nasal cannula, % 12 (44.4) 8 (61.5) <0.001
Any administration of mechanical ventilation, % 15 (55.6) 11 (84.6) < 0.001
IMV 7 (25.9) 7 (58.3) < 0.001
NIV 13 (48.2) 11 (84.6) < 0.001
Secondary endpoint events
Length of stay, d 30 (20-49) 42 (33-81) 0.020
ICU stay, d 4.0 (3.0-5.5) 7 (4-15) 0.446
Duration of HFNC, d 1.5 (1.0-6.0) 1.2 (1.5-2) 0.872
Duration of IMV, d 11 (8-20) 23 (17-49) 0.084
Duration of NIV, d 5(3-7) 5(3-11) 0.579

ICU, intensive care unit; IMV, invasive mechanical ventilation; NIV, non-invasive mechanical ventilation; HFNC, high-flow nasal
cannula.

Supplementary Table 2. Demographical and clinical features of patients with COVID-19 in different
groups

Variables Non-AKI (n=377) AKI 1 (n=16) AKI 2 (n=15)  Pvalue! P value?
Age, yr 43.7+174 61.3+10.8 62.6+10.8 <0.001 <0.001
Male 172 (45.6) 10 (62.5) 12 (80.0) 0.185 0.009
Days from iliness onset to admission, d 3(1-5) 4.5 (2.0-8.0) 4 (2-8) 0.125 0.086
The COVID-19 type of admission <0.001 <0.001

Mild 38(10.1) 0(0.0) 0(0.0)

Moderate 326 (86.5) 8 (50.0) 9 (60.0)

Severe 12 (3.2) 7 (43.8) 4 (26.7)

Critical 1(0.3) 1(6.3) 2(13.3)
The severest COVID-19 type during hospitalization <0.001 <0.001

Mild 16 (4.2) 0(0.0) 0(0.0)

Moderate 304 (80.6) 0(0.0) 0(0.0)

Severe 46 (12.2) 3(18.8) 1(6.7)

Critical 11 (2.9) 13 (81.3) 14 (93.3)
Fever on admission 247 (65.5) 13 (81.3) 12 (80.0) 0.186 0.238
Systolic blood pressure, mmHg 125(115-136) 129.0 (122.5-140.5) 138 (127-142) 0.182 0.004
Diastolic blood pressure, mmHg 80 (73-88) 80.0 (76.0-85.5) 85 (79-90) 0.801 0.108
BMI (kg/m?) 22.9(20.8-25.1) 24.2(21.9-27.20) 26.6(22.1-28.4) 0.116 0.001
Any Comorbidity 81 (21.5) 9 (56.3) 7 (46.7) 0.002 0.018
COPD 11 (2.9) 2(12.5) 1(6.7) 0.093 0.378
Hypertension 40 (10.6) 8(50.0) 4 (26.7) <0.001 0.075
Diabetes 14 (3.7) 2 (12.5) 3(20.0) 0.134 0.022
Coronary heart disease 16 (4.2) 6 (37.5) 4 (26.7) <0.001 0.005
Cerebrovascular disease 2 (0.5) 0 (0.0) 1(6.7) 1.000 0.111
Chronic liver disease, n (%) 12 (3.2) 0(0.0) 1(6.7) 1.000 0.403
Tumor, n (%) 6(1.6) 0(0.0) 0 (0.0) 1.000 1.000
In-hospital mortality, n (%) 0 (0.0) 1(6.3) 2(13.3) 0.041 0.001

AKI 1, only recognized the cases that AKI occurred before the primary composite events or at the same time as AKI 1 cases; AKI 2, only recog-
nized the cases that AKI occurred after the primary composite events as AKI 2 cases; *AKI 1 vs. non-AKI; 2AKI 2 vs. non-AKI. AKI, acute kidney
injury; BMI, body mass index; COPD, chronic obstructive pulmonary disease.
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Supplementary Table 3. Sensitivity analysis on the association of AKI
with composite endpoints in patients with COVID-19*

Cox regression

AKI Sample size (events)
HR 95% ClI P value
Composite endpoints?
Model? 417 (13) 0.90 0.36-2.20 0.808
Composite endpoints®
Model? 417 (32) 211 0.97-459 0.060
Composite endpoints®
Model? 338 (42) 2.04 0.88-4.71  0.096

1composite endpoints concluded ICU admission, any administration of me-

chanical ventilation and HFNC. “based on serum creatinine levels; Bbased on
urine volume change; ®before multiple imputation. *adjusted for age, sex, the
severest type during hospitalization, any comorbidity, and lymphocyte count.



