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Abstract
 We aimed to identify prevalence and association of comorbid chronic kidney disease (CKD), acute kidney injury (AKI) and 
utilization prevalence of continuous renal replacement therapy (CRRT) in COVID-19-hospitalized patients as a function of 
severity status. With the ongoing struggle across the globe to combat COVID-19 disease, published literature has described 
the role of kidney disease in COVID-19 patients based on single/multicenter experiences across the globe. We extracted data 
from observational studies describing comorbid CKD, AKI and CRRT and outcomes and severity of COVID-19-hospitalized 
patients from December 1, 2019–August 20, 2020 following PRISMA guidelines. Severity of COVID-19 includes intensive 
care unit admission, oxygen saturation < 90%, invasive mechanical ventilation utilization, in-hospital admission and mortal-
ity. Meta-analysis was performed using a random-effects model to calculate pooled estimates, and forest plots were created. 
In total, 29 studies with 15,017 confirmed COVID-19 patients were included. The overall prevalence of AKI was 11.6% 
[(430/3693)], comorbid CKD 9.7% [(1342/13,728)] and CRRT 2.58% [(102/3946)] in our meta-analysis. We also found 
higher odds of comorbid CKD (pooled OR: 1.70; 95%CI: 1.21–2.40; p = 0.002), AKI (8.28; 4.42–15.52; p < 0.00001) and 
utilization of CRRT (16.90; 9.00–31.74; p < 0.00001) in patients with severe COVID-19 disease. Conclusion Our meta-
analysis suggests that comorbid CKD, AKI and utilization of CRRT were significantly associated with COVID-19 disease 
severity. Clinicians should focus on early triaging of COVID-19 patients with comorbid CKD and at risk for AKI to prevent 
complication and mortality.

Keywords COVID-19 · Coronavirus · Kidney disease · Kidney injury · Chronic kidney disease · Continuous renal 
replacement therapy

Introduction

COVID-19 is causing catastrophe across the world. As of 
January 17, 2021, over 93.1 million cases and 2 million 
deaths have been reported globally [1]. In the past decade, 
the world has experienced the emergence of three previ-
ously unidentified coronaviruses: severe acute respiratory 
syndrome coronavirus (SARS-CoV) in 2003, Middle East 
Respiratory Syndrome Coronavirus (MERS-CoV) in 2012 
and Coronavirus Disease 2019 (COVID-19 or SARS-CoV-2) 
in late December, 2019. All these viruses belong to the Cor-
onaviridae, a family of viruses that possess a positive-sense 

single-stranded RNA genome. Occasionally, the genetic 
recombination of viruses within random intermediate hosts 
produces contagious strains that are highly pathogenic to 
humans. Whereas SARS-CoV-2 is genetically and structur-
ally related to SARS-CoV, it is becoming increasingly clear 
that it has its own unique features that contributed to the 
rapid spread around the globe [2].

Although COVID-19 primarily affects the lungs, kidney 
dysfunction occurs through an unclear and likely multifac-
torial mechanism. The mechanism of entry is likely facili-
tated by the angiotensin-converting enzyme-2 (ACE2), 
cellular transmembrane serine protease 2 (TMPRSS2) and 
cathepsin L (CTSL) which are highly expressed in kidney 
tissue [3, 4]. Additionally, other mechanisms that could 
lead to tubular necrosis are: sepsis, cytokine storm, shock/
hemodynamic instability, rhabdomyolysis, direct viral 
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invasion, nephrotoxic drug-related factors and hypoxia of 
kidney tissue [3]. More specifically, viral infection could 
also induce tubular damage through the deposition of the 
membrane attack complex (MAC) on tubules and infiltra-
tion of CD68+ macrophages in the tubule interstitium [3]. 
Additionally, patients with comorbid chronic kidney disease 
(CKD) have a higher risk of upper respiratory tract infec-
tion and pneumonia due to a persistent pro-inflammatory 
state and defects in innate and adaptive immunity [2, 5]. In 
a meta-analysis done by Henry et al. it was found that there 
is a significant association of chronic kidney disease with 
severe COVID-19 [6].

Treatment of critically ill patients with SARS-COV-2 
infection and acute severe renal failure can include continu-
ous renal replacement therapy (CRRT), and a renal replace-
ment method intended to be applied for 24 h or longer 
through continuous, slower low efficiency dialysis (SELD), 
intermittent hemodialysis and peritoneal dialysis [7]. There 
has been a high utilization of CRRT use among COVID-19 
patients who require ICU level of care. A study by Baduash-
vili et al. found that among patients with COVID-19, about 
20% who had acute respiratory distress syndrome (ARDS) 
or needed ICU admission received CRRT [8].

Hence, we aim to discuss the effects of acute kidney 
injury (AKI), comorbid chronic kidney disease (CKD) in 
COVID-19 severity and also evaluate the prevalence utiliza-
tion of CRRT in severely ill COVID-19 patients.

Methods

Endpoint

The aim of the study is to evaluate the role of the comorbid 
CKD, AKI in predicting COVID-19 severity and the utili-
zation prevalence of continuous renal replacement therapy 
(CRRT) in COVID-19-hospitalized patients. We defined 
severity of disease as intensive care unit (ICU) admission, 
oxygen saturation < 90%, invasive mechanical ventilation 
(IMV) utilization, severe disease and in-hospital mortality.

Search strategy and selection criteria

This meta-analysis adhered to the recommendations of the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [9] and followed the MOOSE 
checklist [10]. The databases PubMed, Web of Science, 
Scopus, and medRxiv were searched for eligible studies 
that described comorbidities, complications, treatment and 
outcomes of COVID-19 patients following keyword/MESH 
terms: (COVID-19[Title/Abstract]) OR coronavirus [Title/
Abstract]) OR SARS-CoV-2[Title/Abstract] from Decem-
ber 1, 2019–August 20, 2020. Studies were included in this 

meta-analysis if they had laboratory confirmed COVID-19 
patients with information on comorbid CKD, AKI, CRRT 
and outcomes of COVID-19-hospitalized patients. We 
excluded articles: pediatric population, Non-English lan-
guage, case reports, and case series. Flow diagram of the 
literature search and study selection process is described 
in Fig. 1.

Study selection

Articles were initially screened by titles and abstracts to 
assess for relevance, and those articles with information on 
comorbid CKD, AKI, CRRT and outcomes of COVID-19 
patients were retrieved. Studies which gave details on out-
comes were selected for quantitative analysis. Preeti Malik 
(PM) and Urvish Patel (UP) independently screened all iden-
tified studies and assessed full texts to decide eligibility. Any 
disagreement was resolved through consensus with Nidhi 
Patel (NP).

Data collection

From the studies finally included, we extracted the follow-
ing variables including comorbid CKD, AKI, CRRT and 
outcomes. Details on disease severity like ICU vs. non-ICU 
admission, severe vs non-severe disease, IMV vs no-IMV 
use, oxygen saturation < 90% versus  > 90%, in-hospital mor-
tality vs discharged alive and survivors were collected using 
prespecified data collection sheet (Table 1).

Statistical Analysis

Review Manager version 5.4 (The Nordic Cochrane Centre, 
The Cochrane Collaboration, Copenhagen, Denmark) was 
used for conducting the meta-analysis. The Mantel-Haenszel 
formula was used to obtain pooled odds ratios (ORs) for 
dichotomous variables along with its 95% confidence inter-
vals (95%CI) irrespective of heterogeneity. The I2 statistic 
was used to assess statistical heterogeneity, and value > 50% 
was considered significant heterogeneity. A 2-tailed p value 
of < 0.05 was considered statistically significant. Publication 
bias was assessed visually using funnel plots (supplemental 
file). The Newcastle–Ottawa scale (NOS) [11] was used to 
assess the quality and bias in the included studies, which 
rates selection, comparability and outcome (supplemental 
file). Majority of the studies were assessed to be of mod-
erate quality. Sensitivity analysis was performed to assess 
the effect of publication bias and heterogeneity by exclud-
ing outlying studies on the funnel plot. The pooled-OR and 
95% CI are represented in the form of forest plots.



127Clinical and Experimental Medicine (2022) 22:125–135 

1 3

Results

We found 200 full text articles eligible for study after remov-
ing duplicated articles, non-human studies, non-obser-
vational studies and articles with non-English language. 
After detailed assessment and considering strict inclusion 
and exclusion criteria, as of August 20, 2020, we included 
29 observational studies with 15,017 confirmed cases of 
COVID-19 patients detailing comorbid CKD, AKI, CRRT 
and disease severity. Out of these 29 studies, 20 studies were 
performed in china, 6 in the USA, 1 each in South Korea, 
Poland and Iran, respectively. Table 1 describes the study 
characteristics including the first author’s last name, publica-
tion month and year, country of origin, sample size, study 
design, and outcomes and comorbid CKD, AKI and CRRT 
assessed in that individual study.

The overall prevalence of AKI was 11.6% (430/3693), 
comorbid CKD was 9.7% (1342/13,728), CRRT utilization 
was 2.58% (102/3946) in our meta-analysis.

Comorbid chronic kidney disease (CKD)

Total of 22 studies reported data on comorbid CKD with 
severity giving a total sample size of 13,728 COVID-19 
patients for evaluation. Meta-analysis showed that comorbid 
CKD had 1.7 times higher odds of having severe COVID-
19 compared to non-severe (pooled OR: 1.70; 95%CI: 
1.21–2.40; p = 0.002) with 64% heterogeneity in the data 
(p < 0.0001) (Fig. 2). In order to account for heterogene-
ity between studies, we performed a sensitivity analysis by 
eliminating the Yang et al. study on funnel plots. Results 
after sensitivity analysis also showed significant pooled OR 
of 1.97 (95%CI:1.61–2.42; p < 0.00001) with 20% heteroge-
neity in the data (p = 0.20) (Supplemental File).

Acute kidney injury (AKI)

Sixteen studies with a sample size of 3693 patients were 
reported the association between AKI and disease severity. 

Fig. 1  Flow diagram of litera-
ture search and study selection 
process of kidney disease and 
COVID-19 severity
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Table 1  Study characteristics, design, outcome, kidney disease and continuous renal replacement therapy (CRRT) described in individual study

Study Country Sample size (N) Mean/
median age 
(years)

Males n (%) Study design Outcomes Kidney disease

Huang et al. [12] China 41 49 30 (73) Prospective single 
center

ICU versus Non-
ICU

AKI
CRRT 

Guan et al. [13] China 1099 47 637 (58) Retrospective multi-
center

Severe versus non-
severe*

AKI
CRRT 
CKD

Wang et al. [14] China 138 56 75 (54) Retrospective single 
center

ICU versus Non-
ICU

AKI
CRRT 
CKD

Zhang et al. [15] China 140 57 71 (50) Retrospective single 
center

Severe versus non-
severe**

CKD

Yang et al. [16] China 52 59.7 35 (67) Retrospective single 
center

Non-survivor versus 
Survivor

AKI
CRRT 

Mo et al. Mar 2020 
[17]

China 155 54 86 (55) Retrospective single 
center

General versus 
Refractory#

CKD

Wang et al. [18] China 339 69 166 (48) Retrospective single 
center

Dead versus Sur-
vival

AKI
CKD

Ruan et al. [19] China 150 67 vs. 50 102 (68) Retrospective multi-
center

Died versus Dis-
charged

AKI
CRRT 
CKD

Zhou et al. [20] China 191 56 119 (62) Retrospective multi-
center

Non-survivor versus 
Survivor

AKI
CRRT 
CKD

Chen et al. [21] China 21 56 17 (81) Retrospective single 
center

Severe versus Mod-
erate**

AKI

Qin et al. [22] China 452 58 235 (52) Retrospective single 
center

Severe versus non-
severe**

CKD

Zhao et al. [23] China 91 46 49 (54) Retrospective single 
center

Severe versus  Mild¶ AKI
CRRT 
CKD

Goyal et al. [24] USA 393 62.2 238 (61) Retrospective multi-
center

IMV versus No IMV CRRT 
CKD

Paranjpe et al. [25] USA 1078 65 627 (58) Retrospective multi-
center

In-hospital mortality 
versus Discharged 
alive

CKD

Wan et al. [26] China 135 47 72 (53) Retrospective single 
center

Severe versus 
Mild**

AKI
CRRT 

Zheng et al. [27] China 34 66 23 (68) Retrospective single 
center

IMV versus No 
 IMV¶¶

AKI
CRRT 
CKD

Hong et al. [28] South Korea 98 55.4 38 (39) Retrospective single 
center

ICU versus Non-
ICU

AKI
CRRT 

Nowak et al. [29] Poland 169 64 87 (51) Retrospective single 
center

Non-survivor versus 
Survivor

AKI
CRRT 
CKD

Mikami et al. [30] USA 2820 76 vs. 62 1611 (41) Retrospective multi-
center

Non-survivor versus 
Survivor

CKD

Marcello et al. [31] USA 5010 61 3055 (61) Retrospective multi-
center

Died versus Dis-
charged

CKD

Shahriarirad et al. 
[32]

Iran 113 53.75 71 (63) Retrospective multi-
center

Severe versus non-
severe*

CKD

Wang et al. [33] China 275 49 128 (46) Retrospective single 
center

Severe versus non-
severe**

CKD
CRRT 
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Meta-analysis of all 16 studies showed that AKI had higher 
odds of severe disease compared to non-severe with a pooled 
OR of 8.28 (95%CI: 4.42–15.52; p < 0.00001) and 73% het-
erogeneity between studies (p < 0.00001) (Fig. 3). Sensitiv-
ity analysis was performed by eliminating the 3 outlying 
studies (Wan et al., Wang et al. and Li et al.) on funnel plots 
which also showed significant pooled OR of 8.44 (95%CI: 
5.90–12.08; p < 0.00001) with 0% heterogeneity in the data 
(p = 0.82 (Supplemental File).

Continuous renal replacement therapy (CRRT)

Seventeen out of total 29 studies reported data on CRRT 
utilization based on severity of COVID-19 including 3946 
patients. We found that utilization of CRRT was higher in 
COVID-19 patients with severe disease (pooled OR: 16.90; 
95%CI: 9.00–31.74; p < 0.00001), and no significant hetero-
geneity between studies (p = 0.95; I2 = 0%) (Fig. 4).

Discussion

Although COVID-19 primarily affects the lungs, kidney dys-
function is also observed in a large population of COVID-
19 patients. In our meta-analysis of 29 studies with 15,017 
patients, we found that comorbid CKD, AKI and CRRT 
utilization was higher in patients with severe COVID-19 
disease. Incidence of AKI in COVID-19 patients was found 
to be up to 25% among critically ill patients with underlying 
comorbidities [41]. The exact mechanism by which SARS-
CoV-2 causes renal damage is not fully known, but studies 
have shown that cellular components required for virus entry 
such as angiotensin-converting enzyme 2 (ACE2), cellular 
transmembrane serine protease 2 (TMPRSS2) and cathepsin 
L (CTSL) are highly expressed in kidneys [4]. Specifically, 
the co-expression of ACE2 and TMPRSS is reported to be 
high in podocytes and the proximal straight tubule, suggest-
ing a favorable condition for the localization of the virus. 

IVIG: intravenous immunoglobulin; ARDS: acute respiratory distress syndrome; IMV: invasive mechanical ventilation; CKD: comorbid chronic 
kidney disease; AKI: acute kidney injury; CRRT: continuous renal replacement therapy
*Using the American Thoracic Society guidelines for community-acquired pneumonia
**World Health Organization and the National Health Commission of China interim guidelines defined disease severity and improvement 
as follows: mild cases: the mild clinical symptoms and no pneumonia in imaging. Moderate cases: symptoms like fever and respiratory tract 
symptoms, etc., and pneumonia can be seen in imaging. Severe cases: meeting any of the following—respiratory distress, respiratory rate ≥ 30 
breaths/min; SpO2 ≤ 93% at rest; and PaO2/FIO2 ≤ 300. Patients with > 50% lesion progression within 24–48 h. Critical/extremely severe cases: 
if they have one of the following: respiratory failure requiring mechanical ventilation, shock, and other organ failure requiring ICU treatment
#General COVID-19 was defined according to following criteria: (i) obvious alleviation of respiratory symptoms (e.g., cough, chest distress and 
breath shortness) after treatment; (ii) maintenance of normal body temperature for ≥ 3 days without the use of corticosteroid or antipyretics; (iii) 
improvement in radiological abnormalities on chest CT or X-ray after treatment; (iv) a hospital stay of ≤ 10 days. Otherwise, it was classified as 
refractoryCOVID-19
¶ Not mentioned
¶¶ Non-invasive mechanical ventilation (NIV) included nasal oxygen therapy, mask oxygen inhalation; high-flow nasal cannula (HFNC).

Table 1  (continued)

Study Country Sample size (N) Mean/
median age 
(years)

Males n (%) Study design Outcomes Kidney disease

Zhang et al. [34] China 221 55 108 (49) Retrospective single 
center

Severe versus non-
severe**

AKI
CRRT 
CKD

Suleyman et al. [35] USA 463 57.5 204 (44) Retrospective single 
center

Hospitalized versus 
Discharged

CKD

Wang et al. [36] China 344 64 179 (52) Retrospective single 
center

Non-survivor versus 
Survivor

AKI

Li et al. [37] China 548 60 279 (51) Retrospective single 
center

Severe versus non-
severe**

CRRT 
CKD

Xu et al. [38] China 239 62 143 (60) Retrospective single 
center

Non-survivor versus 
Survivor

AKI
CRRT 

Ferguson et al. [39] USA 72 60.4 38 (53) Retrospective multi-
center

ICU versus Non-
ICU

AKI
CRRT 
CKD

Yang et al. [40] China 136 56 66 (48) Retrospective multi-
center

(Severe + Critical) 
versus Mild

CKD

Total 15,017
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The mechanism of the immune response induced by SARS-
CoV-2 is broken up into two phases: 1) an initial specific 
adaptive immune response and 2) uncontrolled inflamma-
tion. The adaptive response helps to prevent the progression 
of the virus and attempts to eliminate the virus; however, 
when this response fails, an uncontrolled inflammatory 
response ensues, propagating a cytokine storm which may 
promote apoptosis and necrosis of T cells [3]. These compo-
nents are speculated to lead to renal inflammation, increased 
vascular permeability, cardiomyopathy and volume deple-
tion which all lead to cardiorenal syndrome type 1 [42].

Several studies have found a significant association 
between kidney failure and death. Cheng et al. (2020) found 

that patients with kidney disease on admission (elevated 
baseline serum creatinine) were more likely to be admitted 
to the intensive care unit and undergo ventilation and have a 
higher risk of deterioration [5]. In addition, the study shows 
that indicators of kidney involvement such as: elevated base-
line serum creatinine, elevated baseline blood urea nitrogen, 
proteinuria and hematuria were associated with higher risk 
of in-hospital death after adjusting for confounders such 
as age, sex, disease severity, comorbidity and leukocyte 
count [5]. In another study conducted to explore the clinical 
courses of critically ill COVID-19 patients with and with-
out pre-existing kidney disease and in-hospital outcomes 
(which included in-hospital mortality, respiratory failure, 

Fig. 2  Forest plot of comorbid CKD and COVID-19 severity

Fig. 3  Forest plot of acute kidney injury (AKI) and COVID-19 severity
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shock, ventricular arrhythmia/ cardiac arrest, thromboem-
bolic event, major bleed and acute liver injury), it was found 
that dialysis patients had a shorter time from symptom onset 
to ICU admission and more dialysis patients (25%) reported 
altered mental status than those with comorbid CKD and 
no kidney disease. Additionally, 50% of dialysis and CKD 
patients died within 28 days of ICU admission versus 35% 
of patients without pre-existing kidney disease [43]. Dialysis 
patients also had a higher risk of 28-day in-hospital death 
[43]. In addition to the increased risk for poor prognosis with 
pre-existing kidney pathologies, AKI is a well-recognized 
factor of poor prognosis leading greater use of healthcare 
resources [41, 44]. COVID-19 patients with AKI had higher 
severe infection and case-fatality rates. Shao et al. found 
that the incidence of AKI in COVID-19 patients was 10%, 
mainly indicated by elevated serum creatinine and BUN 
levels evident in patients with severe infection [45]. Other 
studies have also shown that elevated serum creatinine and 
BUN levels were independent risk factors for in-hospital 
death [5, 45].

Various studies have reported that 1.5–9% of COVID-
19 patients require CRRT and particularly 5.6–23% of 
critically ill patients received CRRT [12, 13, 20, 46, 47]. 
There are both renal and non-renal indications for the 
use of CRRT in COVID-19 patients. Renal indications 
include severe AKI with hemodynamic instability. Non-
renal indications include complications with severe ARDS 
and conditions uncontrolled with conservative medical 
treatment including persistent inflammatory fever, refrac-
tory hypernatremia, volume overload or urine output and 
diuretic resistance [48]. Additionally, a study by Raina 
et al. suggests that CRRT can be utilized to non-selec-
tively clear inflammatory mediators and may be able to 
correct fluid overload, adjust immune stability and manage 

solute levels to provide hemodynamic stability [49]. Fur-
thermore, studies have demonstrated that CRRT reduces 
extravascular fluid in the lungs, achieves acid–base bal-
ance, reduces ventilation pressures, increases the lung 
oxygenation number and provides less invasive ventilation 
of CO2 [50, 51]. Therefore, it is reasonable to postulate 
that the initiation of CRRT in COVID-19 patients suf-
fering from respiratory insufficiency could be beneficial. 
A study by Yang et al. found that among 52 critically ill 
adult patients with COVID-19 pneumonia admitted to the 
ICU, 12 (23%) of patients developed AKI and 9 (17%) 
required renal replacement therapy [46]. There is not 
enough strong evidence to support the effect of CRRT in 
critically ill patients in reducing mortality [52]. Further-
more, a major challenge which the entire world is dealing 
with in COVID-19 pandemic is the mismatch of resources 
in supply and demand due to the surge in dialysis units 
in the hospitals [53]. Hence, it is crucial to aim to maxi-
mize the utility of any CRRT circuit in order to conserve 
supplies. Moreover, clinicians should evaluate overall 
patients’ conditions including patient’s level of systemic 
inflammation, severity and progress of illness and AKI, 
available resources before giving the choice of CRRT.

Limitations and Strength

The important limitation of this meta-analysis is the heter-
ogeneity of the included studies due to different definitions 
of chronic kidney disease, variation in diagnosing criteria 
and staging of acute kidney injury and definition of dis-
ease severity among various countries, reflecting different 
national and regional healthcare systems. Another possible 
reason of variability among studies might be due to vari-
ation between and within countries in regard to reported 

Fig. 4  Forest plot of utilization of CRRT and COVID-19 severity
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hospital admission rates of COVID-19 patients, hospitali-
zation policies and for assigning levels of care (e.g., ICU 
admission, invasive mechanical ventilation). Most of our 
studies included in analysis are from China, and there may 
be a chance of overlap of study population and may not 
be representative of the general population in other coun-
tries. Another limitation is we cannot distinguish whether 
these patients had de novo AKI or AKI superimposed on 
comorbid CKD. Additionally, the studies have not speci-
fied the utilization of CRRT was only for renal disease 
patients or all COVID-19 patients. Despite these limita-
tions, meta-analysis of 29 studies with 15,017 confirmed 
COVID-19 patients, we found that AKI, comorbid CKD 
and utilization of CRRT were significantly associated 
with COVID-19 severity adding to the existing literature 
[54–56]. Future prospective studies should focus on the 
stratification of chronic kidney diseases, causes of acute 
kidney injury, patterns of injury, duration and course of 
AKI, which would further help to understand the relation 
of different kidney disease and their effects on COVID-19.

Conclusion

To conclude, acute kidney injury (AKI), comorbid CKD 
and CRRT are not only frequent in COVID-19 but are 
also associated with disease severity. COVID-19 can affect 
the kidneys through several mechanisms and is associated 
with morbidity and mortality then initially thought. Hence, 
future studies should carefully investigate the cause of kid-
ney injury during COVID-19 infection especially if it is 
treatment drug related. From a clinical perspective, these 
findings may help in early triage of COVID-19 patients at 
risk of AKI due to comorbid CKD or other comorbidities, 
close monitoring of the occurrence of kidney injury and 
post-discharge follow-up of COVID-19 patients with AKI 
and careful use of drugs which can cause renal toxicity in 
COVID-19 patients. The CRRT application may need to 
be adjusted to conserve resources in the context of a surge 
in COVID-19 cases.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10238- 021- 00715-x.
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