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Abstract
Introduction: Acute kidney injury (AKI) in coronavirus infec-
tion disease (COVID-19) is associated with disease severity. 
We aimed to evaluate risk factors associated with AKI be-
yond COVID-19 severity. Methods: A retrospective observa-
tional study of COVID-19 patients admitted to a tertiary hos-
pital in Singapore. Logistic regression was used to evaluate 
associations between risk factors and AKI (based on Kidney 
Disease Improving Global Outcomes criteria). Dominance 
analysis was performed to evaluate the relative importance 
of individual factors. Results: Seven hundred seven patients 
were included. Median age was 46 years (interquartile range 
[IQR]: 29–57) and 57% were male with few comorbidities 
(93%, Charlson Comorbidity Index [CCI] <1). AKI occurred in 
57 patients (8.1%); 39 were in AKI stage 1 (68%), 9 in stage 2 
(16%), and 9 in stage 3 (16%). Older age (adjusted odds ratio 
[aOR] 1.04; 95% confidence interval [CI]: 1.01–1.07), baseline 
use of angiotensin-converting enzyme inhibitor (ACE-I) or 
angiotensin receptor blocker (ARB) (aOR 2.86; 95% CI: 1.20–

6.83), exposure to vancomycin (aOR 5.84; 95% CI: 2.10–
16.19), use of nonsteroidal anti-inflammatory drugs (NSAIDs) 
(aOR 3.04; 95% CI: 1.15–8.05), and severe COVID-19 with hy-
poxia (aOR 13.94; 95% CI: 6.07–31.98) were associated with 
AKI in the multivariable logistic regression model. The 3 
highest ranked predictors were severe COVID-19 with hy-
poxia, vancomycin exposure, and age, accounting for 79.6% 
of the predicted variance (41.6, 23.1, and 14.9%, respective-
ly) on dominance analysis. Conclusion: Severe COVID-19 is 
independently associated with increased risk of AKI beyond 
premorbid conditions and age. Appropriate avoidance of 
vancomycin and NSAIDs are potentially modifiable means 
to prevent AKI in patients with COVID-19.

© 2021 S. Karger AG, Basel

Introduction

Since, severe acute respiratory syndrome coronavirus 
2 (SARS-COV-2) was reported in late December 2019, 
our understanding of coronavirus infection disease (CO-
VID-19) has evolved. COVID-19 affects the respiratory 
system predominantly, leading to acute respiratory dis-
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tress syndrome (ARDS) [1], but it is increasingly recog-
nized to have systemic involvements such as acute kidney 
injury (AKI), thrombotic events leading to stroke, acute 
myocardial infarction, and pulmonary embolism [2, 3]. 
Systemic involvement further adds to the challenges of 
treating COVID-19 patients with poor outcomes [2–4].

AKI is of particular interest as it is associated with 
poorer outcomes in general population and COVID-19 
[2, 5]. The incidence of AKI in COVID-19 patients rang-
es from 0.5 to 36.6% [2, 6–11] in different study popula-
tions and using different case definitions of AKI. How-
ever, few studies have examined risk factors associated 
with the development of AKI in COVID-19 patients [11]. 
In a meta-analysis of 79 research articles on AKI and CO-
VID-19, only 8 had investigated primarily the risk factors 
for AKI in COVID-19 patients, whereas most studies 
confined to describing the incidence and prognosis [12]. 
The elucidation of risk factors leading to AKI is important 
for physicians to better manage their patients, given the 
diverse presentation and clinical course of COVID-19 pa-
tients [6] from asymptomatic to ARDS.

The primary aim of this study was to elucidate risk fac-
tors associated with the development of AKI among CO-
VID-19 patients. The secondary aim was to describe the 
healthcare impact of AKI in COVID-19 patients such as 
duration of hospitalization, need for intensive care unit 
(ICU) support, need for renal replacement therapy (RRT), 
and mortality.

Materials and Methods

This was a retrospective observational study of COVID-19 
patients admitted to the National Center of Infectious Disease 
(NCID) in Singapore between 23rd January and 15th April, 
2020. Approval for this study with a waiver of informed consent 
from participants was obtained from the Singapore Ministry of 
Health under the Infectious Disease Act (Singapore). Demo-
graphic parameters, baseline comorbidities and medications, pa-
tient symptomatology, blood and radiological investigations, 
and outcomes such as hypoxia requiring supplementary oxygen 
and intubation, need for ICU, length of stay in hospital, and 
death were collected and entered into a centralized database and 
extracted for analysis.

The primary outcome of AKI was defined as any increase in 
serum Cr by ≥26.5 µmol/L within 48 h or a change in serum Cr by 
≥ of 1.5 times of baseline within 1 week, based on Kidney Disease 
Improving Global Outcomes guidelines [13]. The urinary output 
criteria were not applied as most patients were well and universal 
strict urinary output charting was impractical during an outbreak 
situation. Additionally, many patients in this cohort were relative-
ly well and repeated blood test may not always be necessary clini-
cally. All patients with no serum Cr recorded were excluded. For 
patients with a single serum Cr, they were identified as not having 

AKI if their Cr was within normal limits of our local laboratory 
standard (<75 µmol/L for females and <105 µmol/L for males); 
however, those beyond the normal laboratory limits were excluded 
as absence of AKI or preexisting CKD could not be excluded. The 
stage of AKI was determined using the peak serum Cr level after 
AKI detection, with increases of 1.5–1.9, 2.0–2.9, and ≥3 times 
baseline or requiring RRT being defined as AKI stage 1, 2, and 3, 
respectively [13].

Baseline characteristics of COVID-19 patients with and with-
out AKI were described in frequency and percentage for categori-
cal variables. Continuous variables with non-normal distributions 
were reported as medians (interquartile range [IQR]) and mean 
(standard deviation [SD]) for continuous variables with normal 
distribution. Differences in baseline characteristics between pa-
tients with and without AKI was analyzed by the χ2 test and Fish-
er’s exact test as appropriate. The independent Student’s t test was 
used to evaluate difference in continuous variables that were nor-
mally distributed, while the Mann-Whitney U test was performed 
for those with non-normal distribution.

Crude odds ratio and adjusted odds ratio (aOR) as well as their 
95% confidence interval (CI) were estimated using univariable and 
multivariable logistic regression analyzes, respectively. Multivari-
able logistic regression analysis was carried out to identify factors 
independently associated with AKI. The variables for the multi-
variable model were selected through stepwise use of Akaike’s in-
formation criterion. Older age and comorbidities such as hyper-
tension and diabetes mellitus (DM) were previously reported to be 
associated with AKI [11]. Therefore, age and Charlson Comorbid-
ity Index (CCI) as a measure of comorbidity disease burden was 
added to the multivariable model as variables selected a priori. 
Multicollinearity was checked using the variance inflation factor 
for the predictor variables included in the final multivariable mod-
el. We generated the receiver operating characteristic curve to as-
sess the predictive performance of the final multivariable logistic 
regression model, and calculated the corresponding area under the 
curve.

Dominance analysis was used to assess the relative importance 
of each independent variable in the multivariable model, which 
took into consideration both its unique contribution and its con-
tribution when combined with other predictors [14–16]. This ap-
proach uses changes in model fit statistics (i.e., pseudo-R2 values 
from logistic regression models) of all possible combinations of 
predictors, and relative importance is determined by pairwise 
comparisons of all predictors in the model. The dominance of one 
predictor over another at the general level is achieved if its average 
conditional contribution is greater than that of the latter across all 
model sizes that involve the predictor. To reflect the proportional 
average additional contribution of each variable, the general dom-
inance value is rescaled by dividing the general dominance value 
based on the McFadden R2 ascribed to individual variable by the 
total R2 of the full multivariable model, which is known as stan-
dardized dominance statistics.

We then confined the study population to COVID-19 patients 
with at least 2 serum Cr results and repeated the multivariable lo-
gistic regression analysis using the same approach and dominance 
analysis to assess the impact on our findings as a part of sensitivity 
analysis. P values <0.05 were considered statistically significant. 
Statistical analyzes were performed with Stata version 14.1 (Stata 
Corporation, College Station, TX, USA) and R version 3.6.2 (R 
foundation for Statistical Computing, Vienna, Austria).
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Results

A total of 1590 COVID-19 patients were admitted to 
NCID between 23rd January and 15th April, 2020. Data 
on 717 patients was available and of this cohort, 707 were 
included in this analysis; four excluded due to no record-
ed serum Cr during hospitalization, one excluded due to 
preexisting end-stage kidney disease status, and five had 
only one serum Cr level above the normal laboratory lim-
its, where AKI or underlying CKD status could not be 
determined (shown in Fig. 1). AKI occurred in 8.1% (n = 
57) of all the patients and most were mild. Thirty-nine 
patients were peaked at AKI stage 1 (68%), 9 in stage 2 
(16%), and another 9 patients in stage 3 (16%). Five pa-
tients (9%) required RRT.

The median age of the cohort was 46 years (IQR: 29–
57) and 57% were male (n = 405). Most patients had few 
comorbidities (shown in Table 1); only 12% had DM, 19% 
hypertension, 5% with cardiovascular disease, and 1% 
with the history of CKD. The majority of patients in this 
cohort have low comorbid burden and 94% of the pa-
tients had CCI ≤ 1.

Patients who developed AKI were older (62 vs. 43 
years old, p < 0.005) and a higher proportion had DM (39 
vs. 9%, p < 0.005), hypertension (60 vs. 16%, p < 0.005), 
dyslipidemia (58 vs. 19%, p < 0.005) cardiovascular dis-
ease (12 vs. 4%, p < 0.005), and CKD (9 vs. 0%, p < 0.005). 
Patients with AKI were also more likely to be on angio-
tensin-converting enzyme inhibitor (ACE-I), angioten-
sin receptor blocker (ARB), and statins prior to hospital-

COVID-19 patients admitted to
NCID between 23rd January

2020 to 15th April 2020
(n = 1,590)

No AKI
(n = 650)

COVID-19 patients with at least 
one serum creatinine for analysis

(n = 707)

Excluded patients:
Patients with no available data (n = 873)
Patients with no serum creatinine (n = 4)

Patients with ESKD (n = 1)
Patients with only one serum creatinine
where CKD cannot be exlcuded (n = 5)

AKI defined as increase in serum creatinine
≥26.5 μmol/L within 48 hours or ≥1.5 

times baseline within 1 week
Stage1

Aforementioned definition and peak 
creatinine between 1.5–1.9 times

Stage2
Peak creatinine between 2–2.9 times

Stage3
creatinine more than 3 times or 

requiring RRT
(n = 57)

AKI stage 3
(n =9)

RRT = 5

AKI stage 2
(n = 9)

AKI stage 1
(n = 39)

Fig. 1. Flow chart of study population of 
COVID-19 patients admitted to the Na-
tional Center for Infectious Diseases, Sin-
gapore. Eight hundred seventy-three pa-
tients excluded as there were no available 
data collected. An additional four excluded 
as there was no record of serum Cr, one had 
preexisting end-stage kidney disease and 
was on regular hemodialysis, and five had 
single serum Cr level, which was above the 
upper limit of laboratory range in the hos-
pital where CKD cannot be excluded.
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Table 1. Baseline characteristics and outcomes of study cohort of COVID-19 patients by AKI status

Variable Overall 
(n = 707)

No AKI 
(n = 650)

AKI 
(n = 57)

p valuea

Duration from symptom onset to admission, days (IQR) 5 (3–8) 5 (3–8) 6 (3–8) 0.2911
Symptoms, n (%)

Fever 488 (69) 437 (67) 51 (89) <0.005
Cough 465 (66) 428 (66) 37 (65) 0.887
Dyspnea 80 (11) 63 (10) 17 (30) <0.005
Sore throat 295 (42) 282 (43) 13 (23) 0.003
Rhinorrhea 223 (32) 216 (33) 7 (12) 0.001
Diarrhea 130 (18) 117 (18) 13 (23) 0.369

Baseline demographics and comorbidities
Age, years (IQR) 46 (29–57) 43 (29–56) 62 (57–71) <0.005
Female sex, n (%) 302 (43) 284 (44) 18 (32) 0.076
Ethnicity, n (%)

Chinese 398 (56) 360 (55) 38 (67)

0.153Malay 79 (11) 71 (11) 8 (14)
Indian 82 (12) 77 (12) 5 (9)
Others 148 (21) 142 (22) 6 (11)

DM, n (%) 82 (12) 60 (9) 22 (39) <0.005
Hypertension, n (%) 137 (19) 103 (16) 34 (60) <0.005
Dyslipidemia, n (%) 155 (22) 122 (19) 33 (58) <0.005
Cardiovascular disease,bn (%) 35 (5) 29 (4) 7 (12) 0.010
COPD or asthma, n (%) 24 (3) 20 (3) 4 (7) 0.120
Malignancy, n (%) 15 (2) 11 (2) 4 (7) 0.027
Liver disease, n (%) 5 (1) 4 (1) 1 (2) 0.344
Renal disease, n (%) 5 (1) 0(0) 5 (9) <0.005
CCI score, n (%)

0 553 (78) 530 (82) 23 (40)

<0.005

1 116 (16) 92 (14) 24 (42)
2 15 (2) 11 (2) 4 (7)
3 17 (2) 16 (2) 1 (2)
4 3 (0) 1 (0) 2 (4)
6 1 (0) 0 (0) 1 (2)
7 1 (0) 0 (0) 1 (2)
8 1 (0) 0 (0) 1 (2)

Medications
Baseline ACE-I/ARB use prior to hospitalization, n (%) 87 (12) 59 (9) 28 (49) <0.005
Baseline statin use, n (%) 151(21) 120 (18) 31 (54) <0.005
In-hospital NSAIDs use, n (%) 77 (11) 61 (9) 16 (28) <0.005
In hospital antibiotics use, n (%) 154 (22) 108 (17) 46 (81) <0.005

Any antibiotics 10 (1) 4 (1) 6 (11) <0.005
Aminoglycoside vancomycin 34 (5) 9 (1) 25 (44) <0.005
Piperacillin-tazobactam 37 (5) 13 (2) 24 (42) <0.005

Laboratory investigations at admission
eGFR ±SD 116±38 119±36 75±41 <0.005
Serum Cr, µmol/L ±SD 72±23 69±16 101±53 <0.005
Serum urea, mmol/L ±SD, n = 600 3.8±1.8 3.6±1.2 6.4±4.3 <0.005
Hemoglobin, g/dL ±SD 14.1±1.5 14.1±1.5 13.6±2.0 0.0075
Platelets, 109/L ±SD 214±72 214±70 206±90 0.4063
Leukocyte count, 109/L ±SD 5.3±2.1 5.2±1.9 6.3±3.2 0.0001
Lymphocyte count, 109/L (IQR) 1.31 (0.96–1.72) 1.34 (0.99–1.78) 0.95 (0.61–1.23) <0.005
Neutrophil count, 109/L ±SD 3.2±1.8 3.0±1.6 4.7±3.2 <0.005
CRP, mg/L (IQR) 5.4 (1.6–15.9) 4.3 (1.4–12.9) 50.5(19–109.6) <0.005
LDH, U/L (IQR) 402 (341–500) 394 (337–479) 576 (425–703) <0.005
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ization. They were more likely to have received nonste-
roidal anti-inflammatory drugs (NSAIDs) and 
potentially nephrotoxic antibiotics such as aminoglyco-
sides and vancomycin during hospitalization. Majority 

(90%) of the NSAIDs used in this cohort were selective 
cyclooxygenase-2 inhibitor (COX-2). Most of the use of 
vancomycin in this cohort was empirical and only 5 of the 
34 patients exposed had clinically relevant bacteremia.

Table 2. Crude and aORs for developing AKI among COVID-19 patients (whole cohort)

Variable Univariable model Multivariable model†

cOR 95% CI p value aOR 95% CI p value

Age 1.08 1.06–1.10 <0.0005 1.04 1.01–1.07 0.011
Female sex 0.59 0.33–1.06 0.079
Ethnic group 0.172

Chinese 1.00 Referent
Malay 1.07 0.48–2.38 0.874
Indian 0.62 0.23–1.61 0.323
Others 0.40 0.17–0.97 0.042

CCI 2.16 1.66–2.80 <0.0005 1.22 0.83–1.79 0.304
Baseline use of ACE-I or ARB 9.67 5.39–17.35 <0.0005 2.86 1.20–6.83 0.018
Baseline use of statins 5.27 3.02–9.20 <0.0005
Aminoglycoside exposure 19.00 5.19–69.50 <0.0005
Piperacillin/Tazobactam exposure 35.64 16.66–76.22 <0.0005
Vancomycin exposure 55.64 24.01–128.96 <0.0005 5.84 2.10–16.19 0.001
In-hospital NSAIDs use 3.77 2.00–7.11 <0.0005 3.04 1.15–8.05 0.025
Exposure to contrasted scan 9.97 4.00–24.83 <0.0005
Hypoxia 50.42 24.91–102.05 <0.0005 13.94 6.07–31.98 <0.0005

aOR, adjusted odds ratio; cOR, crude odds ratio; CI, confidence interval; CCI, Charlson Comorbidity Index; ACE-I, angiotensin-
converting enzyme inhibitors; ARB, angiotensin receptor blockers; NSAIDs, nonsteroidal anti-inflammatory drugs; AKI, acute kidney 
injury. † Adjusted for age, CCI, baseline use of ACE, inhibitors or ARBs, vancomycin exposure, use of NSAIDs, in hospital and hypoxia.

Table 1 (continued)

Variable Overall 
(n = 707)

No AKI 
(n = 650)

AKI 
(n = 57)

p valuea

Radiological investigations
Ever abnormal chest radiograph, n (%) 290 (60) 234 (36) 55 (96) <0.005
Contrasted CT-scan exposure, n (%) 21 (3) 12 (2) 9 (16) <0.005

Outcomes
Length of stay, days (IQR) 7 (4–13) 7 (4–12) 17 (12–26) <0.005
Hypoxia requiring oxygen supplementation, n (%) 90 (13) 45 (7) 45(79) <0.005
ICU, n (%) 46(7) 9(1) 37 (65) <0.005
RRT, n (%) 5 (1) 0 (0) 5 (9) <0.005
Intubation, n (%) 25 (4) 3 (0) 22 (38) <0.005
In-hospital mortality, n (%) 12 (2) 5 (1) 7 (12) <0.005

Sample size, n = 707, except where indicated. ACE-I, angiotensin-converting enzymes inhibitors; ARB, angiotensin receptor block-
er AKI, acute kidney injury; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; CT, Computed tomography; eGFR, 
estimated glomerular filtration rate using CKD-EPI, equation; LDH, lactate dehydrogenase; ICU, intensive care unit; IQR, interquartile 
range; NSAIDs, nonsteroidal anti-inflammatory drugs; RRT, renal replacement therapy; SD, standard deviation; DM, diabetes mellitus; 
CCI, Charles Comorbidity Index. a p value for comparison between patients with AKI, and patients without AKI, χ2 test or Fisher’s ex-
act test was performed for categorical variables as appropriate. Independent student t test was performed for continuous variables de-
scribed in mean ± SD, and Mann-Whitney U test was performed for continuous variables described in median (IQR). b Cardiovascular 
diseases refer to ischemic heart disease, congestive cardiac history or cerebrovascular disease.
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COVID-19 patients with AKI were more likely to have 
more severe disease. They were more likely to present 
with lower lymphocyte counts, higher C-reactive protein, 
lactate dehydrogenase levels, and more likely to have ab-
normal chest radiography during their hospitalization. 
Consequently, COVID-19 patients with AKI were more 
likely to have prolonged hospitalization with median of 
17 days compared with 7 days (shown in Table 1). A high-
er proportion of patients who developed AKI had hypox-
ia (defined as requiring supplementary oxygen) (79 vs. 
7%, p < 0.005), required ICU (65 vs. 1%, p < 0.005), and 
were intubated (38 vs. 0%, p < 0.005). A total of 12% of 
patients with AKI in this cohort died compared with 1% 
in those without AKI. Among the 5 patients who required 
RRT, four passed away and only one had fully recovered 
with no residual CKD.

Among the potential predictors, univariable logistic 
regression suggested that older age, CCI, baseline use of 
ACE-I or ARBs, baseline use of statins, exposure to each 
of the 3 antibiotics, aminoglycoside, piperacillin/tazobac-
tam and vancomycin, use of NSAIDs in hospital, expo-
sure to contrasted scan, and hypoxia were associated with 
the risk of developing AKI (shown in Table 2). In the final 
multivariable logistic regression model, the following 
predictors remained statistically significant: older age 
(aOR 1.04; 05% CI: 1.01–1.07), baseline use of ACE-I or 
ARB (aOR 2.86; 95% CI: 1.20–6.83), exposure to vanco-
mycin (aOR 5.84; 95% CI: 2.10–16.19), use of NSAIDs in 
hospital (aOR 3.04; 95% CI: 1.15–8.05), and hypoxia 
(aOR 13.94; 95% CI: 6.07–31.98) (shown in Table 2). The 
variance inflation factor, for factors included in the mul-
tivariable logistic regression ranged from 1.06 (use of 
NSAIDs in hospital) to 1.36 (CCI). The area under the 
curve of the multivariable model containing the five sta-
tistically significant predictors and CCI was 0.949 (95% 
CI 0.922–0.975). When dominance analysis was per-
formed, the 3 highest ranked predictors among the 6 vari-
ables in the multivariable model were hypoxia, vancomy-
cin exposure, and age, accounting for 79.6% of the pre-
dicted variance (41.6, 23.1, and 14.9%, respectively) 
(shown in Table 3).

The baseline characteristics of the subgroup of 357 pa-
tients with at least 2 serum Cr results are shown in online 
suppl. Table 1 (for all online suppl. material, see www.
karger.com/doi/10.1159/0005514064). The median age 
of this subgroup was 54 (IQR 38–62) and they had simi-
larly low comorbidity disease burden with 93% of all pa-
tients in this subgroup having CCI ≤ 1. On multivariable 
logistic regression analysis, as a part of sensitivity analy-
sis, older age (aOR 1.03 [95% CI 1.00–1.06]), baseline use 

of ACE-I or ARB (aOR 2.61 [95% CI 1.09–6.23]), use of 
vancomycin (aOR 5.37 [95% CI 1.94–14.85]), and hypox-
ia (aOR 8.67 [3.78–19.92]) remained as independent fac-
tors associated with AKI in this subgroup of patients (on-
line suppl. Table 2). However, use of NSAIDs was no lon-
ger statistically associated with AKI. In dominance 
analysis of this subgroup, the order of relative importance 
of each factor remained unchanged with hypoxia being 
most important followed by vancomycin and age ac-
counting for 40.5, 26.0, and 13.1% of predicted variance, 
respectively (online suppl. Table 3).

Discussion and Conclusion

Acute kidney injury occurred in 8.1% of the whole co-
hort. This incidence is within the range reported in previ-
ous studies from 0.5 to 36.6% [2, 6–11]. Besides the dif-
ferences in definitions for AKI used in different studies, 
the low incidence in this study was likely due to a young-
er population with fewer comorbidities. The median age 
in this cohort was 46 years compared with 64 years in the 
largest study examining AKI to date in New York city 
[11]. In the US study, the incidence of AKI was 36.6% 
[11], more than four times higher than our cohort. It is 
important to understand the cohort examined in our 
study was from the early phases of the outbreak in Singa-
pore where all COVID-19 patients were admitted. There-
fore, many patients had mild illness and were relatively 
young and fit, which is different from studies, where more 

Table 3. Relative importance of predictors for developing AKI 
among COVID-19 patients (whole cohort)

Variable McFadden’s 
R2

Standardized 
dominance 
statistics§

Rank

Age 0.076 0.149 3
CCI 0.031 0.061 5
Baseline use of ACE-I or ARB 0.051 0.100 4
Vancomycin exposure 0.118 0.231 2
In-hospital NSAIDs use 0.022 0.043 6
Hypoxia 0.212 0.416 1

CCI, Charlson Comorbidity Index; ACE-I, angiotensin-con-
verting enzyme inhibitors; ARB, angiotensin receptor blockers; 
NSAIDs, nonsteroidal anti-inflammatory drugs; AKI, acute kid-
ney injury. § Standardized weight was the share of general domi-
nance value from McFadden R2, which adds to 1 across the vari-
ables.
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severe cases were recruited [11, 12]. However, AKI was 
not uncommon even in our cohort and among patients 
who developed AKI in this study, significant healthcare 
burden was observed with increased need for ICU, pro-
longed hospitalization, and higher risk of death. There-
fore, identifying predisposing factors to development of 
AKI in COVID-19 patients was of paramount impor-
tance. In our study, hypoxia (surrogate for disease sever-
ity) was by far the most important factor predicting AKI. 
Baseline comorbidities and age are unmodifiable and ef-
fective treatment of COVID-19 to alter disease severity is 
still currently limited. However, the association between 
vancomycin, NSAIDs, and ACE-I/ARB exposure with 
AKI in this study present potentially modifiable factors, 
which deserves further evaluation.

The pathophysiology of AKI in COVID-19 patients is 
not completely understood but is likely multifactorial 
[17]. The development of AKI was more commonly seen 
in patients with severe COVID-19 patients in our cohort, 
which corroborated previous reports where severe AKI 
occurred in 65.5% of ventilated patients compared with 
6.7% of non-ventilated patients [11]. Critically ill patients 
with COVID-19 may be at increased risk of AKI due to 
hypoperfusion of kidneys as a result of circulatory shock 
secondary to hypovolemia, sepsis or cardiogenic shock 
from underlying cardiovascular disease, or new cardiac 
event. Pro-inflammatory and proapoptotic consequence 
of the lung inflammation secondary to severe SARS-
COV-2 infection may directly lead to AKI [17]. Direct 
SARS-CoV-2 immune response dysregulation leading to 
cytokine related renal tubular cell injury was postulated 
[10]. Patients with immune response dysregulation may 
present with lymphopenia, which was commonly ob-
served in our cohort with AKI. Last, microemboli and 
thrombi as a result of a hypercoagulable state in COV-
ID-19 patients have been proposed as a possible cause of 
AKI [18]. However, the relationship between severe CO-
VID-19 and AKI is likely bidirectional. The lung-kidney 
organ cross talk in the critically ill is well established in 
the non-COVID-19 literature [19]. Patients with AKI fre-
quently present with derangements in the fluid balance 
and acid-base homeostasis, which compound the severity 
of ARDS in COVID-19 patients. Therefore, the strong as-
sociation observed between COVID-19 and AKI in this 
study is likely the result of this intimate interplay of cause 
and effect between AKI and lung injury arising from CO-
VID-19.

Older COVID-19 patients are particularly vulnerable 
to severe COVID-19 disease and death [7]. Similar to the 
study from New York [11], older patients in this cohort 

were at increased odds of developing AKI. Microanatom-
ical changes in the kidneys associated with aging has been 
previously described in both autopsy and living donor bi-
opsy samples [20]. Features of nephrosclerosis observed 
include glomerulosclerosis, tubular atrophy, interstitial 
fibrosis, and arteriosclerosis of small vessels, which leads 
to ischemia and formation of globally sclerotic glomeruli 
[20]. Therefore, elderly patients may have fewer numbers 
of functioning nephrons but compensatory hypertrophy 
of remaining functioning ones often masks manifesta-
tions of CKD. These changes reduce the functional re-
serves in the elderly, predisposing them to the develop-
ment of AKI during COVID-19 as observed in this study.

Use of ACE-I and ARB has been a subject of much de-
bate in COVID-19. Concerns of increased risk of COV-
ID-19 ARDS with ACE-I and ARB have been raised in 2 
studies [21, 22]. It was further argued that high affinity of 
SARS-CoV2 to human angiotensin-converting enzyme 2 
receptors [23] may play a role in increasing susceptibility 
of patients with upregulation due to long term use of 
ACE-I or ARB. On the other hand, ACE-I and ARB are 
also indicated for use in comorbid conditions such as hy-
pertension, DM, and cardiovascular disease, which are 
also factors associated with poorer outcome [1]. There-
fore, the association between ACE-I/ARB and develop-
ment of severe COVID-19 were no longer observed when 
potential confounders were included [24]. ACE-I and 
ARB are not nephrotoxic agents per se. The main effect 
of these agents on the kidneys is intrarenal efferent arte-
riole vasodilatation, which reduces glomerular filtration 
pressure [25]. In situations where intact angiotensin-al-
dosterone axis is important in maintaining renal glomer-
ular filtration such as hypovolemia, the presence of ACE 
inhibition, or blockade may predispose patients to AKI as 
seen in our study. However, some patients treated with 
ACE-I and ARB may have concomitant proteinuric renal 
disease secondary to hypertension or DM that are in itself 
a risk factor for AKI. Unfortunately, there was no avail-
able urinalysis data in this study on proteinuria to allow 
further evaluation of this hypothesis.

While much interest has been focused on evaluating 
how novel SARS-CoV2 may directly infect and affect re-
nal tissues, this study has also highlighted the importance 
of considering other causes of nephrotoxicity such as 
NSAIDs and vancomycin. Nephrotoxicity related to van-
comycin was historically related to impurities included 
during the preparation of the antibiotic [26]. Improved 
fermentation methods have improved the purity of van-
comycin and toxicity has reduced significantly. However, 
vancomycin induced renal toxicity is still reported in 10–
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20% of patients [27]. The pathophysiology is unclear but 
oxidative stress in proximal renal tubular cells was shown 
in animals receiving vancomycin [28]. Other than direct 
vancomycin toxicity, it is important to consider if COV-
ID-19 patients receiving vancomycin are concurrently 
bacteremic, which could increase the risk of AKI. In this 
cohort, only a minority of patients on vancomycin were 
bacteremic; this highlights the challenge of managing 
COVID-19 patients with progressive pneumonia, where 
secondary bacterial infection cannot be excluded. Where 
appropriate use of antibiotics cannot be avoided, care 
should be taken to reduce the risk of vancomycin induced 
nephrotoxicity such as shortening duration of exposure, 
maintaining a conservative therapeutic level, and avoid-
ance of concomitant nephrotoxic agents [28].

There are many potential renal effects that NSAIDs 
have; but in the setting of acute illness, the hemodynamic 
effects as a result of inhibition of prostaglandin leading to 
reduced prostaglandin-mediated afferent arteriole vaso-
dilatation is pertinent [29]. In a meta-analysis of five stud-
ies and a total of 28,992 patients, AKI risk in users of in-
dividual traditional NSAIDs was 1.58–2.11 times higher 
than non-users [30]. Selective COX-2 inhibitors were 
more commonly used in this study and are generally saf-
er than traditional NSAIDs [31], but COX-2 is inducible 
in the kidney in response to inflammation and has been 
demonstrated to play a role in regulation of renal hemo-
dynamics especially with salt and volume depletion [32]. 
It is prudent to consider the safety of either selective or 
nonselective cyclooxygenase inhibition in COVID-19 pa-
tients given the increased odds of AKI seen in this study.

The strength of this study is the comprehensive evalu-
ation of clinically relevant factors and important outcome 
using internationally determined definition of AKI. Al-
though the association of severity of disease and inci-
dence of AKI has been reported previously [12], the use 
of dominance analysis in this study allowed us to frame 
the relative importance of this factor with greater clarity. 
The studies from Asia investigating risk factors of AKI 
have largely been from China and this study provides 
some insight from the perspective of a different Asian 
country.

We acknowledge several limitations in this study. As 
350 (49.5%) patients did not have repeated serum creati-
nine test during their hospitalization, sensitivity analysis 
was undertaken to investigate the impact of patients in-
cluded with single record of creatinine in our study, and 
the findings remained materially unchanged. Due to the 
observational design of our study, we could only deter-
mine associations rather than cause-effect relationships. 

In addition, ascertainment bias may arise if patients with 
mild AKI were discharged early. We also could not rule 
out the potential for residual confounding by unmea-
sured factors related to AKI. The study population was 
confined to a single center and the patients were relative-
ly young with no or few comorbidities; therefore, the 
findings may not be generalizable to all individuals with 
COVID-19. On the other hand, NCID sees the largest 
number of COVID-19 patients in Singapore and there-
fore provides a reasonable indication of AKI incidence 
among those hospitalized in Singapore. Last, there were 
specific data which were not available such as the urine 
output, pre-hospitalization serum creatinine, and urinal-
ysis during hospitalization. In conclusion, this study 
demonstrated that severe COVID-19 is associated with 
increased risk of AKI. Until the discovery of better thera-
peutic agents for COVID-19, the appropriate avoidance 
of vancomycin and NSAIDs are important aspects in pre-
vention of AKI in patients with COVID-19.
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