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Abstract. Background: The association between acute kidney injury (AKI) and outcome of coronavirus disease 
2019 (COVID-19) has not yet been conclusively established. Therefore, we conducted a meta-analysis of re-
cent scientific literature to assess whether AKI may be associated with worse prognosis and increased mortal-
ity in COVID-19 patients. Methods: A systematic search of literature was conducted between 1st November 
2019 and 15th May 2020 on Medline (PubMed interface) and China National Knowledge Infrastructure 
(CNKI) to identify potentially eligible studies. Cohort or case-control studies reporting data on AKI in 
patients with or without severe COVID-19 were included. Studies were divided into separate cohorts for 
analysis based on two endpoints (severity [severe vs non-severe] and mortality [non-survivors vs survivors]). 
Data were pooled into a meta-analysis to estimate pooled odds ratio (OR) with 95% confidence interval 
(95% CI) for either outcome. Results: A total of 15 studies (n= 5,832 patients) were included in the analysis. 
Overall, AKI was found to be associated with significantly increased odds of COVID-19 severity (OR= 
18.5; 95% CI 8.99-38.08) and mortality (OR= 23.9; 95% CI 18.84-30.31). No heterogeneity was observed 
for both outcomes (Cochran’s Q= 6.21, p=0.52, I2=0% and Cochran’s Q= 4.56, p=0.47, I2=0% respectively). 
Conclusion: According to current data, AKI seems to be associated with worse prognosis in COVID-19 
patients. Further investigation of the underlying mechanism of renal disease in COVID-19 would be needed 
to clarify possible therapeutic targets. AKI could be used as a clinical characteristic in severity classification 
and risk stratification.
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Introduction

Coronavirus disease 2019 (COVID 19) is a novel 
zoonotic disease caused by the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) [1,2]. Since 
the outbreak began in December 2019, the disease has 
rapidly spread all over the world persuading the World 
Health Organization (WHO) to declare it a global 
pandemic in March, 2020 [3]. Currently, transmission 
of SARS-CoV-2 is through person-to-person contact 

with infected COVID-19 patients either directly or 
via droplets [4]. This has resulted in major travel re-
strictions and lockdowns in many countries with con-
comitant untoward economic and social repercussions.  

The infectivity of SARS-CoV-2 is via its attach-
ment to the angiotensin-converting enzyme 2 (ACE2) 
receptor, which is widely found in many immune and 
non-immune cells including epithelial cells of intes-
tinal and respiratory mucosa, endothelial cells and 
renal tubules [5]. This has resulted to the seeding of 
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the virus to many organs as evidenced by its isolation 
not only from respiratory samples but also from other 
body fluids, including conjuctival secretions [6], semen 
[7], stool [8] and even occasionally urine [9], thus sup-
porting active renal involvement. Consequently, the 
clinical course of COVID 19 is highly variable. Al-
though initial reports indicated that it mainly caused 
respiratory disease with alveolar damage and acute 
respiratory distress [10], current understanding is that 
COVID-19 encompasses a broader spectrum ranging 
from asymptomatic disease to multiple organ failure 
(MOF) and death [11]. The severity of disease and 
likelihood of mortality has further been linked with 
many other factors including advanced age, male sex 
and pre-existing chronic medical conditions [11]. In 
severe cases of COVID-19, the development of acute 
organ injury, including acute kidney injury (AKI), has 
also been documented. 

The occurrence of AKI in COVID-19 patients 
has been reported to range between 5% and 27% [12-
14]. In a few instances, patients were known to pre-
sent to the emergency department with AKI- related 
symptoms as the only presenting features [15,16]. Pre-
vious studies have also demonstrated that elevated cre-
atinine levels at admission is associated with increased 
risk of severe disease [17]. This renal involvement has 
been directly linked to the severity of respiratory dis-
ease [18] and has been heightened by preponderance 
of ACE2 expression at the surface of renal tubular 
epithelial cells [19]. Although COVID-19 patients 
were shown to have higher risk of in-hospital mortal-
ity [13,18], this association has not been conclusively 
established. Furthermore, the relationship of AKI as 
a predictor to the severity of COVID-19 has largely 
not been defined. Therefore, this study aims at clarify 
the clinical association between AKI and COVID-19 
severity and mortality.

Methods

Study protocol and registration

This systematic review and meta-analysis was con-
ducted in strict conformity with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines [20]. The study protocol has 
been reported in the International Prospective Reg-
ister of Systematic Reviews (PROSPERO identifier: 
CRD42020184330).

Literature Search Strategy

A comprehensive and systematic search of scien-
tific literature was conducted between November 1st, 
2019 to May 15th, 2020 on PubMed and China Na-
tional Knowledge Infrastructure (CNKI) to identify 
eligible studies. The electronic search was carried out 
using the following keywords: (1) (((COVID-19) OR 
SARS-CoV-2) OR 2019-nCoV (2) (((((Acute kidney 
injury) OR Acute renal injury) OR AKI) OR Creati-
nine) OR Urine output))) OR Laboratory characteris-
tics (3) 1 AND 2. No language restriction was applied. 
When the articles were published by the same study 
group and an overlap was found, only the most recent 
article was included to avoid duplication of data. The 
PubMed function “related articles” was used to extend 
the search. We also searched major infectious disease, 
nephrology and general medicine journals reporting 
articles about COVID-19 infection to look for ad-
ditional studies. We then performed hand-search of 
bibliography of included studies, to identify other po-
tentially eligible investigations.

Eligibility Criteria

All studies were screened and assessed for eligibil-
ity by three independent reviewers (I.C, V.K, and B.N). 
Search results were screened by title and abstract, with 
those of potential relevance evaluated by full text. Stud-
ies were deemed eligible for inclusion if they fulfilled 
the following criteria: (1) observational cohort or case-
control studies reporting AKI frequency data, (2) clearly  
defined AKI as per the  KDIGO clinical practice 
guidelines [21], (3) used appropriate definition of se-
vere disease or compared survivors to non-survivors in 
a general cohort or compared survival to non-survivors 
in a critically ill cohort, (4) disease severity was moni-
tored over the course of study, (5) clearly outlined the 
definition of “severe disease” and (6) sample size >10. 
Severe disease was defined in this analysis as a compos-
ite of: (1) respiratory distress, respiratory rate ≥30 per 
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min; (2) oxygen saturation on room air at rest ≤93%; 
(3) partial pressure of oxygen in arterial blood / fraction 
of inspired oxygen ≤300 mmHg; (4) patients requiring 
mechanical ventilation/vital life support/intensive care 
unit admission (ICU); (5) death. Reviews and studies 
with incomplete or irrelevant data were excluded. Any 
disagreement between reviewers arising during the eli-
gibility assessment was settled through consensus.

Data Extraction and Quality Assessment

Data extraction was conducted by three independ-
ent reviewers (I.C, V.K and B.N). For each study, the 
following information was extracted: surname of the 
first author and year of publication, country and city 
where the study was performed, type of study, sample 
size, baseline demographic characteristics, proportion 
of patients with severe and non-severe COVID-19, 
proportion of patients with AKI, and mortality from 
COVID-19. Any variances were resolved by consen-
sus. Quality assessment and analysis of risk of bias of 
all selected full-text articles was performed using the 
methodological index for non‐randomized studies 
(MINORS) tool.

Outcomes of Interest

The primary outcome of interest was the associa-
tion between AKI and COVID-19 severity, while the 
secondary outcome was the association between AKI 
and COVID-19 mortality. A tertiary outcome was the 
association between AKI and mortality in patients 
with severe COVID-19 disease. Thus, a total of three 
separate meta-analyses were performed.

Statistical Analysis

The statistical analysis was carried out using 
MetaXL (software Version 5.3, EpiGear Interna-
tional Pty Ltd., Sunrise Beach, Australia) and the 
Meta-Analyst (software version 5.26.14, Center for 
Evidence-Based Medicine, Brown University, Provi-
dence, USA). The strength of association between AKI 
and COVID-19 severity and mortality was estimated 
using odds ratio (OR). A random-effects model was 
applied. The magnitude of heterogeneity among the 

included studies was assessed using the chi-squared test 
(Chi2) and I-squared statistic (I2). For the Chi2 test, a 
Cochrane’s Q p value of <0.10 was considered signifi-
cant. The values of the I2 statistic were interpreted as 
follows at a 95% confidence interval: Thresholds of 25%, 
50% and 75% to designate low, moderate, and high 
heterogeneity were applied [22]. Publication bias was 
assessed by funnel plot analysis. A random effects me-
ta-regression using log OR was performed to evaluate 
the impact of baseline characteristics (age and sex) and 
co-morbidities (diabetes, cardiovascular disease, chronic 
lung disease, cancer, and hypertension) on association of 
AKI with disease severity in patients with COVID-19. 
Additionally, leave-one out sensitivity analysis was per-
formed to assess the robustness of the results, and to 
further probe the sources of inter-study heterogeneity.

Results

Study Identification

The initial search generated 346 potentially rel-
evant articles. Following duplicate removal and pri-
mary screening, 52 articles were assessed by full text 
for eligibility in the meta-analysis. Of these, 37 were 
excluded because the primary and secondary outcome 
of the study did not match the criteria set in this re-
view. A total of 15 articles could hence be included 
in this systematic review and meta-analysis (Figure 1; 
Table 1 and 2). 

Characteristics of the Included Studies and Quality 
Assessment

A total of 15 studies (n= 5,832 patients) were in-
cluded. Of the included studies, 12 were from China, 
2 from the United States (US) and 1 from South 
Korea. Seven studies reported AKI data in patients 
with and without severe COVID-19, seven studies 
reported data on mortality, while one study report-
ed both. The essential characteristics of the included 
studies are outlined in tables 1 and 2. Summary of 
the methodological index for non‐randomized stud-
ies (MINORS) assessment for the included studies is 
provided in figure 2.
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Meta-analysis on the association between AKI and 
COVID-19 severity

A total of 8 studies (n=1,730 patients) reported 
data on association between AKI and COVID-19 
severity. In five out of these eight studies, AKI was 
associated with significantly enhanced odds of severe 
COVID-19 (Figure 3). In pooled analysis, AKI was 
found to be associated with significantly increased 
odds of severe COVID-19 (OR=18.5; 95% CI 
8.99-38.08). No evidence of inter-study heteroge-
neity was observed for this outcome (Cochran’s Q= 
6.21, p=0.52, I2=0%). No significant changes in the 
OR could be seen in the leave-one-out sensitivity 
analysis.

Meta-analysis on the association between CVD and 
overall COVID-19 mortality 

A total of 6 studies (n=2,296 patients) reported 
data on association between AKI and COVID-19 
mortality in all hospitalized patients (with both severe 
and non-severe form of the disease. In all these studies 
AKI was associated with significantly enhanced odds 
of mortality in COVID-19. In the pooled analysis, 
AKI was found to be associated with a significantly 
increased odds of mortality in COVID-19 patients 
(OR= 23.9; 95% CI 18.84-30.31). No evidence of 
inter-study heterogeneity was observed for this out-
come (Cochran’s Q= 4.56, p=0.47, I2=0%). No signifi-
cant changes in the OR were seen in the leave-one-out 
sensitivity analysis (Figure 4).

Figure 1. Flow of studies through the meta-analysis
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Figure 2. Summary of the MINORS quality assessment of the included studies 



I. Cheruiyot, V. Kipkorir, et al.8

Meta-analysis on the association between AKI and 
mortality in severe COVID-19 disease

A total of two studies (n= 396 patients) reported 
data on mortality in patients with severe COVID-19 
disease. In the pooled analysis, we found a non-
significant trend toward increased mortality in AKI 
patients with severe COVID-19 disease, with high 

level of inter-study heterogeneity (OR=14.05; 95% CI: 
0.98-201.33, I2=90%, Cochran’s Q=10.15, p=0.001). 
The bulk of the confidence interval extended well 
beyond the null value of 1, indicating a substantial 
elevated probability of a clinically important effect 
of AKI on mortality in patients with severe form of 
COVID-19 (Figure 5).

Figure 4. Forest plot for association between AKI and overall COVID-19 mortality

Figure 3. Forest plot for association between AKI and COVID-19 severity 



Acute kidney injury is associated with worse prognosis in COVID-19 patients: a systematic review and meta-analysis 9

Publication Bias and Meta-Regression

The potential for publication bias was evaluated 
in funnel plots (supplementary material). No asym-
metry was noted in funnel plot for AKI and COV-
ID-19 severity, while mild asymmetry was noted in 
the funnel plot for AKI and overall COVID-19 mor-
tality. In the meta-regression of odds of severe dis-
ease/mortality with AKI, the age, sex and co-morbid-
ities (history of cardiovascular disease, hypertension 
or diabetes) in patients in the severe group had no 
significant influence on calculated pooled OR (sup-
plementary material).

Discussion

The main findings of the current study demon-
strate that development of AKI in COVID-19 patients 
seems to be a predictor of worse outcome in the course 
of illness, including disease severity and mortality.

AKI has been previously found to be an inde-
pendent predictor of mortality throughout an ample 
array of critical illnesses [34]. Acute renal failure com-
monly complicates acute respiratory distress (ARDS) 
due to impaired oxygenation, fluid overload, cardio-
genic shock, superimposed sepsis or injurious mechan-
ical ventilation [21]. In COVID-19, the incidence of 

AKI has been seen in up to 29% of patient cohorts 
[10,11]. Nevertheless, the pathophysiology of acute 
renal injury still remains a subject of current investi-
gation in COVID-19. Several mechanisms have been 
postulated. It is known that SARS-CoV-2 spike pro-
tein binds to ACE2 receptor in host cells [5]. Puelles 
et al., [35] recently demonstrated that the RNA for 
angiotensin-converting enzyme 2 (ACE2), the recep-
tor that is considered to facilitate SARS-CoV-2 in-
fection is enriched in multiple kidney-cell types from 
fetal development through adulthood [35]. In the kid-
ney, host cells have been identified as podocytes and 
proximal straight tubule cells [36]. Puelles et al.,[35] 
in their study successfully identified SARS-CoV-2 in 
all kidney compartments examined, supporting the 
hypothesis of renal tropism. It is postulated that the 
cytopathic effects of the virus on these cells is respon-
sible for the renal manifestations of COVID-19 [37]. 
Indeed, acute tubular necrosis with inflammatory cell 
infiltration has been demonstrated at autopsy [14,38]. 
In a case series 12 patients who died for COVID-19, 
Wichmann et al also found clear histopathologic evi-
dence of cytopathic involvement and severe shock 
injury in renal tissue [39]. These findings have been 
recently confirmed in another case series of 11 autopsy  
of patients who have died for COVID-19, which 
showed dramatic cytopathic injuries of proximal tu-
bules, nodular glomerulosclerosis and regenerating 

Figure 5. Forest plot for association between AKI and mortality in severe COVID-19 
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abnormalities with flattened tubular epithelium [40]. 
The clinical appearance of AKI in COVID-19 may 
also be a manifestation of microangiopathy and hyper-
coagulability which have been observed in the heart 
where they result in infarction [41] and inflammation 
[42]. Further, the hypercytokinemia that is a feature 
of this illness [43] and the resultant activation of the 
innate immune system can result in direct injury in 
the kidney. This is in the background of hypotension 
that attends this cytokine storm and superimposed 
sepsis which may itself cause AKI [44]. An interplay 
among these factors may therefore explain the clinical 
appearance of AKI in COVID-19. Regardless of the 
underlying pathophysiology, it seems unquestionable 
that occurrence of AKI in COVID-19 will be associ-
ated with worse clinical progression and/or mortality 
as seen in current data. 

Taken together, the results of our meta-analysis 
would lead us to conclude that AKI is a relatively fre-
quent manifestation in COVID-19 and, when it occurs 
in the clinical course of the disease, is a predisposing 
factor for development of worse clinical outcome (e.g., 
more severe illness) and/or death. Further investiga-
tion on the underlying mechanism of renal disease in 
COVID-19 would be needed to clarify possible ther-
apeutic targets, whilst AKI could be used as clinical 
characteristic in severity classification and risk stratifi-
cation for predicting unfavourable disease progression. 
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Meta-regression (Severity) 
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Meta-regression (Severity) 
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