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ABSTRACT
Objectives  To evaluate hospital outcomes and their 
predictors during the pandemic for patients with and 
without COVID-19, stratified by the presence of acute 
kidney injury (AKI).
Design  Retrospective observation study using the 
Hospital Episodes Statistics database for England.
Participants  2 385 337 unique hospital admissions of 
adult patients from March 2020 to March 2021 in England.
Main outcome measures  COVID-19 cases were 
identified by the International Classification of Diseases, 
Tenth Revision, Clinical Modification (ICD-10-CM) code 
of U07.1. Patients with suspected COVID-19 (U07.2 
code) and patients with end-stage kidney disease on 
chronic dialysis (N18.6 and Z99.2) were excluded. AKI 
cases were identified by the ICD10 code. Patients were 
categorised into four groups based on COVID-19 and AKI 
diagnoses: Group 1—neither; Group 2—COVID-19 only; 
Group 3—AKI only; Group 4—both. A multivariable logistic 
regression model was created with in-hospital mortality as 
the outcome, including diagnostic groups, demographics, 
admission methods, comorbidity severity, deprivation index 
and intensive therapy unit (ITU) admission.
Results  Among 2 385 337 admissions involving 663 628 
patients, 856 544 had AKI (N17 codes) and 1 528 793 did 
not. Among patients without AKI, there were 1,008,774 
admissions among 133,988 individuals without COVID-19 
(Group 1) and 520,019 admissions among 256,037 
individuals with COVID-19 (Group 2). Among patients with 
AKI, there were 630,342 admissions among 218,270 
individuals without COVID-19 (Group 3) and 226,202 
admissions among 55,333 individuals with COVID-19 
(Group 4). Patients in group 4 were older (75.4 ± 13.8 
years) and had greater length of stay (17.1 ± 17 days) 
than all other groups. They also had and had a greater 
proportion of males, ethnic minorities and comorbidities 
than other groups. Mortality was highest in Group 4 
(28.7%) and lowest in Group 1 (1.1%). The increased risk 
of death persisted after controlling for multiple baseline 
factors (OR for death vs Group 1: Group 4—22.28, Group 
2—9.67, Group 3—6.44). ITU admission was least 
required in Group 1 (1.2%) and most in Group 4 (10.9%), 
with mortality at 4.8% versus 47.8%, respectively.
Conclusions  Patients with COVID-19 and AKI have a 
high risk of mortality and should be recognised early 

and provided with optimal support. Planning for future 
pandemics should ensure adequate critical care and acute 
dialysis capacity.
Trial registration number  NCT04579562.

INTRODUCTION
While the primary focus of COVID-19 was 
initially on its respiratory effects, it soon 
became evident that severely and critically ill 
patients were at heightened risk of developing 
acute kidney injury (AKI), a condition associ-
ated with a higher mortality rate and poorer 
prognosis.1–3 In response to this concern, 
researchers worldwide have published 
numerous reports examining the incidence, 
risk factors and clinical outcomes. However, 
the occurrence of AKI among hospitalised 
COVID-19 patients has shown variability 
with studies from the UK reporting AKI 
rates ranging from 26.2% to 31.5%, whereas 
reports from the USA have indicated even 
higher rates, ranging from 37% to 57%.1 2 4 5 
The perception that AKI in COVID-19 may 
be more severe than AKI from other causes 
has prompted studies to compare AKI associ-
ated with COVID-19 with AKI in various other 
viral infections with conflicting results.6 7 
Some have found that the incidence of AKI 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ National data on hospitalised COVID-19 patients ad-
dresses a key gap by comparing outcomes across 
multiple cohorts, including a control group, to better 
understand varying risks.

	⇒ Reliance on diagnosis via administrative codes may 
lack granularity and accuracy.

	⇒ Administrative data reflects real-world clinical 
practices.

	⇒ The observational design limits causal 
interpretations.
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was comparable to other viral infections, while others 
have reported a higher incidence of AKI and more 
adverse outcomes in patients hospitalised with COVID-
19. However, research on AKI related to COVID-19 has 
been constrained by relatively small sample sizes, limited 
geographical representation and variable duration of 
observation.8 Few studies have directly compared AKI 
cases in non-COVID-19 illnesses with those in COVID-19 
patients during the same period.1 5 Furthermore, there is 
a lack of comprehensive national-level studies to address 
geographical and temporal disparities. Additionally, 
while both COVID-19 and AKI have been associated with 
increased mortality, the interaction between these condi-
tions has not been thoroughly investigated, particularly 
with appropriate control groups. This comprehensive 
national study endeavours to fill this knowledge gap by 
comparing outcomes in people admitted to hospitals 
during the pandemic with and without COVID-19, strat-
ified by the presence or absence of AKI and controlled 
for demographic and health characteristics. Importantly, 
a control group of patients hospitalised during the same 
period without AKI or COVID-19 has been incorporated 
into the analysis. A secondary objective was to assess 
predictors of in-hospital mortality.

METHODS
Ethical and regulatory approval
The study was reviewed and approved by University 
Hospitals of Derby and Burton National Health Service 
(NHS) Foundation Trust’s research and development 
department. Informed consent was waived due to the 
nature of the study and the pandemic situation. The 
study was registered on the National Library of Medicine 
website (www.clinicaltrials.gov) with registration number 
NCT04579562, and the protocol is available in online 
supplemental text 1. The study was conducted following 
the principles of the Declaration of Helsinki and followed 
the Strengthening the Reporting of Observational Studies 
in Epidemiology reporting guidelines (online supple-
mental table S5).

Study design and procedure
We obtained anonymised data from the Hospital Episode 
Statistics (HES) database, which includes detailed records 
of all patients admitted to any hospital in England 
commissioned by the NHS. Patients from outside England 
were excluded. We included all adult patients aged 18 
years and above, who were admitted to NHS hospitals in 
England between 1 March 2020 and 31 March 2021, and 
had a diagnostic code for COVID-19 included in any of 
their 20 diagnosis codes. This study period encompassed 
all admissions during the period when the SARS-CoV-2 
virus was classified as ‘Original’ and later, when the 
‘Alpha’ strain of SARS-CoV-2 became predominant. Each 
patient’s data were recorded at the Finished Consultant 
Episode (FCE) level, which represents the care deliv-
ered by a single consultant. In the context of hospital 

records, a ‘spell’ refers to a whole hospital stay, including 
all related treatments and services. The records of these 
stays are kept as FCEs, and each individual hospitalisation 
or ‘spell’ can have multiple FCEs associated with it. To 
obtain details of the intensive therapy unit (ITU) stay, we 
linked the admitted patient care dataset with the critical 
care dataset, including the total number of ITU stays and 
total organ support. We also linked the dataset to the 
Office of National Statistics dataset to obtain the date of 
death for each patient.

Definitions
We used the International Classification of Diseases, 
Tenth Revision, Clinical Modification (ICD-10-CM) code 
of U07.1 to identify episodes of confirmed COVID-19 
between 1 March 2020 and 31 March 2021, by extracting 
only one FCE from each spell or admission containing the 
U071 code. We excluded episodes with the U07.2 code 
(suspected COVID-19) and patients with end-stage kidney 
disease on chronic dialysis (N18.6 and Z99.2). We identi-
fied AKI by ICD10 code in any of the 20 diagnoses codes 
and extracted up to 20 diagnoses codes and 24 OPCS-4 
codes, including codes for dialysis (online supplemental 
table S1) in the same spell, to ensure temporal relation 
between COVID-19 and AKI. We grouped ethnicity into 
six categories and English IMD quintiles were summarised 
as a categorical factor. Comorbidities studied included 
myocardial infarction, congestive cardiac failure, periph-
eral vascular disease, cerebrovascular disease, dementia, 
chronic lung disease, connective tissue disorder, diabetes 
with complications, paraplegia, chronic kidney disease, 
chronic liver disease and cancer. Charlson’s Comorbidity 
Index (CCI) was computed using ICD-10 hospitalisation 
codes (online supplemental table S2) and categorised 
based on the total score into four categories: no comor-
bidity with CCI score of 0; mild, with CCI scores of 1–2; 
moderate, with CCI scores of 3–4; and ≥5 was categorised 
in the severe category.9–11 The study included admission 
methods as elective, emergency, maternity and child, 
transfers and unknown.

Outcomes
The primary aim of the study was to analyse and compare 
outcomes in two groups of patients hospitalised with 
COVID-19: those with AKI and those without AKI. A 
secondary aim was to compare outcomes in patients hospi-
talised with COVID-19 and AKI to those with AKI from 
other causes. In addition, a control group of patients who 
were hospitalised without AKI or COVID-19 was included 
for reference. In addition, we aimed to explore how 
demographic and health characteristics might impact 
in-hospital mortality rates to inform future strategies to 
improve outcomes.

Statistical analysis
We used IBM SPSS Statistics for Windows, V.28.0 
to analyse our data. Each admission had a binary 
outcome, so we analysed the data for each admission 
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of AKI separately. We included patients who had 
multiple admissions of AKI in separate admission 
periods to prevent survival bias by analysing the first 
admission or mortality bias by analysing the last admis-
sion. Analysis of variance was used to compare contin-
uous variables, reported as mean with SD, while χ2 or 
Fisher’s exact test was used to compare categorical 
variables, reported as proportions and percentages. 
Since there were few missing data, we did not perform 
multiple imputations. We categorised patients into 
four groups according to whether or not they had 
a diagnosis of COVID-19 and a diagnosis of AKI: 
Group 1—no COVID-19 or AKI; Group 2—COVID-19 
without AKI; Group 3—AKI without COVID-19; Group 
4—COVID-19 with AKI. We created a multivariable 
logistic regression model with in-hospital mortality as 
the outcome and included diagnostic groups, demo-
graphic variables, admission methods, comorbidity 
severity, index of multiple deprivations and ITU admis-
sion. We performed sensitivity analyses to confirm our 
findings using individual comorbidities instead of CCI 
from the model (online supplemental table S4). ORs 

and 95% CIs were used to present the results, and 
p<0.05 was considered statistically significant.

Patient and public involvement
Patients and/or the public were not involved in the 
design, or conduct, or reporting, or dissemination plans 
of this research.

RESULTS
We extracted 3 324 748 FCEs of all adult patients 
admitted between March 2020 and March 2021 from 
HES—England’s national database of all hospital admis-
sions (figure 1). We excluded multiple FCEs within the 
same spell and duplicate FCEs. Out of 2 385 337 unique 
admission spells in 663 628 patients, there were 856 544 
admission spells (35.91%) in 273 603 patients with AKI as 
identified by N17 codes in any of the 20 diagnostic codes, 
while 1528 793 had no AKI. Among 746 221 admissions 
with COVID-19, 226 202 (30.31%) admissions had AKI. 
There were 1 008 774 admissions in 133 988 patients who 
did not have AKI or COVID-19 (Group 1) and 520 019 

Figure 1  Study flowchart. AKI, acute kidney injury; CKD, chronic kidney disease; FCE, finished consultant episode; RRT, renal 
replacement therapy.
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admissions in 256 037 patients who had COVID-19 
without AKI (Group 2). Among admissions with AKI, 
there were 630 342 admissions in 218 270 patients who 
did not have COVID-19 (Group 3) and 226 202 admis-
sions in 55 333 patients with COVID-19 and AKI (Group 
4).

Patient data according to diagnostic groups are shown 
in table 1. The incidence of AKI was 35.91% in the whole 
cohort and 30.31% in patients with COVID-19. Patients 
who had AKI were older than patients in non-AKI groups. 
Patients in Group 4 were significantly older (75.4±13.8 
years), predominantly of male gender (58.9%), had 
higher emergency admission rates (96.4%) and a higher 
proportion of black ethnicity (4.7%) compared with all 
other groups. There was a higher proportion of patients 
with Asian ethnicity in both the COVID-19 groups (Group 
2—8.3% and Group 4—7.0%), as compared with the non-
COVID-19 groups (Groups 1 and 3). There was a greater 
proportion of patients in the decile with the highest depri-
vation compared with the decile with the lowest depriva-
tion in all four groups. There were small but statistically 
significant differences in social deprivation between 
the groups. While all four groups had a greater propor-
tion of patients in the category of mild comorbidities, 
patients in Group 4 had a significantly higher proportion 
of moderate comorbidities as compared with all other 
groups. Group 4 had a significantly higher proportion of 
patients with cerebrovascular disease (11.7%), dementia 
(17.8%), kidney disease (37%) and diabetes (35.9%) as 
compared with all other groups (online supplemental 
table 3).

Patients in Group 4 had the longest duration of hospi-
talisation, with an average length of stay (LOS) of 17±17 
days, while the control group (Group 1) had the shortest 
LOS at 4.3±10.1 days, p<0.001. Additionally, a larger 
proportion of Group 4 patients (3.4%) had kidney 
replacement therapy (KRT) compared with Group 
3 (1.4%), p<0.001. Unadjusted mortality was highest 
in patients in Group 4 (28.7%), followed by Group 2 
(10.9%), Group 3 (10%) and lowest in Group 1 (1.1%), 
p<0.001 (table 1).

ITU admissions
In Group 4, 10.9% of patients were admitted to ITU 
(table 2), followed by Group 3 (5.3%), Group 2 (5.1%) 
and Group 1 (1.2%), p<0.001. The number of organs 
supported differed significantly with patients in Group 
4 (2.8±1.6) and Group 3 (2.2±1.5) needing more organ 
support, p<0.001. Patients in Group 4 needed significantly 
more days of advanced respiratory support (11.2±14.0 days, 
p<0.001), more days in ITU (11.5±14.3 days, p<0.001) and 
a higher number of days of kidney support as compared 
with Group 3 (3.3±7.7 days vs 1.4±4.3 days, p<0.001). ITU 
mortality differed significantly between all four groups, 
with the highest mortality in Group 4 at 47.8% followed 
by Group 2 at 22.3% and the lowest mortality in Group 1 
at 4.8%, p<0.001.

Associations with in-hospital mortality
A multivariable logistic regression was performed to 
ascertain the effects of age, gender, ethnicity, admission 
method, CCI, ITU admission, IMD and the diagnostic 
groups of AKI and COVID-19 on the likelihood of case 
fatality. In comparison with Group 1, COVID-19 compli-
cated by AKI (Group 4) demonstrated the highest like-
lihood of death after correction for multiple potential 
confounders (OR 22.28, 95% CI 21.79, 22.78) followed 
by those with COVID-19 only (Group 2: OR 9.67, 95% CI 
9.46, 9.88) (figure  2 panel A) and those with AKI only 
(Group 3: OR 6.44, 95% CI 6.30, 6.58). Age (OR 1.04, 
95% CI 1.04, 1.04), unknown ethnicity (OR 1.08, 95% CI 
1.06, 1.11), transfers from other hospitals (OR 3.36, 
95% CI 3.20, 3.53) and ITU admission (OR 6.36, 95% CI 
6.25, 6.48) also had higher odds of death (figure 2 panel 
B). Additionally, a greater comorbidity burden was linked 
to an increased likelihood of mortality. When compared 
with no comorbidities, the odds of death increased 
progressively for mild comorbidities (OR 1.61, 95% CI 
1.59, 1.64), moderate comorbidities (OR 2.07, 95% CI 
2.03, 2.11) and severe comorbidities (OR 3.00, 95% CI 
2.94, 3.07). Sensitivity analysis using individual comor-
bidities instead of CCI and SARS-CoV-2 variant showed 
similar findings (online supplemental table S4). In both 
analyses, increasing CCI was an independent risk factor 
for higher mortality.

The analysis revealed that as the levels of deprivation 
increased, the likelihood of mortality also increased when 
compared with the least deprived group (figure 2 panel 
C). However, this relationship did not demonstrate a 
consistent progression.

DISCUSSION
In this large national observational study, we observed 
that COVID-19 complicated by AKI was associated with 
substantially higher in-hospital mortality than either 
COVID-19 without AKI or AKI due to other causes, 
and that this association persisted after controlling for 
multiple potential confounders. We also noted that 
COVID-19 patients with AKI were more frequently in 
need of mechanical ventilation and advanced cardiac 
support and had a higher ITU mortality rate compared 
with the other three groups. Our analysis has identified 
risk factors for the development of AKI with COVID-19 
and increased mortality, which will aid risk stratification 
and prioritisation of clinical care. Moreover, these data 
will be valuable in planning for an adequate response to 
future pandemics.

Several mechanisms have been proposed to account 
for the association between COVID-19 and AKI 
including factors like reduced oxygen levels, low blood 
pressure, inflammation, blood clot formation, an exces-
sive release of cytokines, severe sepsis and endothelial 
dysfunction.12–14 Additionally, a direct viral infection 
of kidney cells has been suggested as a cause of AKI in 
COVID-19, supported by the detection of viral RNA, 
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Table 1  Demographic characteristics and outcomes of patients hospitalised with and without acute kidney injury (AKI) and 
COVID-19 in England

No AKI—N (%) AKI—N (%)

No COVID-19
(Group 1)§

COVID-19
(Group 2)§

No COVID-19
(Group 3)§

COVID-19
(Group 4)§ P value

Overall AKI rate 35.91

AKI in COVID-19 – 30.31

Number of 
admissions*

1 008 774 (42.3) 520 019 (21.8) 630 342 (26.4) 226 202 (9.5)

Age in years† 70.9±16 68.2±18 74.2±15.4 75.4±13.8 <0.001

Gender* Male 547 003a (54.2) 273 854b (52.7) 334 305c (53) 133 267d (58.9) <0.001

Length of stay 
(days)†

4.3±10.1 12.1±15.8 10.8±12.8 17.0±17.0 <0.001

Ethnicity* White 833 088a (82.6) 382 130b (73.5) 524 952c (83.3) 169 761d (75) <0.001

Mixed 5412a (0.5) 4017b (0.8) 2632c (0.4) 1389d (0.6)

Asian 37 767a (3.7) 43 344b (8.3) 23 073c (3.7) 15 792d (7)

Black 26 512a (2.6) 17 083b (3.3) 14 673c (2.3) 10 582d (4.7)

‘Other’ 16 457a (1.6) 15 649b (3) 9788c (1.6) 5541d (2.4)

Not known 89 538a (8.9) 57 796b (11.1) 55 224a (8.8) 23 137c (10.2) <0.001

Admission 
method*

Elective 359 472a (36.8) 9413b (1.9) 27 211c (4.5) 1956d (0.9)

Emergency 580 081a (59.4) 469 350b (93.2) 565 855c (92.7) 212 028d (96.3)

Maternity and 
child

3880a (0.4) 8553b (1.7) 1526c (0.2) 121d (0.1)

Transfers 32 890a (3.4) 16 260b (3.2) 15 830c (2.6) 5999d (2.7)

Deprivation decile‡ 10 83 916a (8.3) 37 307b (7.2) 50 491c (8) 15 621d (6.9) <0.001

9 91 970a (9.1) 41 521b (8) 57 052a (9.1) 18 096b (8)

8 94 352a (9.4) 43 597b (8.4) 59 323a (9.4) 18 832b (8.3)

7 98 274a (9.7) 45 560b (8.8) 61 775a (9.8) 19 872b (8.8)

6 101 568a (10.1) 48 954b (9.4) 64 339c (10.2) 21 694b (9.6)

5 109 834a (10.9) 65 504b (12.6) 68 099a (10.8) 28 891b (12.8)

4 104 616a (10.4) 60 310b (11.6) 66 909c (10.6) 26 612b (11.8)

3 104 856a (10.4) 55 241b (10.6) 65 972a (10.5) 24 332b (10.8)

2 104 336a (10.3) 50 656b (9.7) 65 257a (10.4) 22 101b (9.8)

1 115 052a (11.4) 71 369b (13.7) 71 125a (11.3) 30 151c (13.3)

Acute RRT* Not applicable Not applicable 8617b (1.4) 8213c (3.6) <0.001

Charlson 
Comorbidity Index 
grades*

No comorbidity 167 605a (16.6) 150 493b (28.9) 80 752c (12.8) 30 301d (13.4) <0.001

Mild 
comorbidities

371 232a (36.8) 226 396b (43.5) 222 249c (35.3) 87 989d (38.9)

Moderate 
comorbidities

251 713a (25) 94 842b (18.2) 190 422c (30.2) 70 554d (31.2)

Severe 
comorbidities

218 224a (21.6) 48 288b (9.3) 136 919a (21.7) 37 358c (16.5)

Died* 11 237a (1.1) 56 507b (10.9) 62 789c (10.0) 65 022d (28.7) <0.001

*Number (%).
†Mean SD.
‡10= least deprived.
§Each subscript letter denotes a subset of COVID-19 group categories whose column proportions do not differ significantly from each other 
at the 0.05 level.
RRT, renal replacement therapy.
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viral protein and live virus in kidney tissue in some 
studies.15–18 A recent autopsy study found a connec-
tion between the presence of viral RNA in the kidneys 

and clinical outcomes, including AKI, although how 
much this contributes to AKI in hospitalised COVID-19 
patients is still uncertain.19

Table 2  Intensive therapy unit (ITU) characteristics of patients hospitalised with and without acute kidney injury (AKI) and/or 
COVID-19 in England

No AKI or 
COVID-19
(Group 1)‡

COVID-19 and 
without AKI
(Group 2)‡

No COVID-19 with 
AKI
(Group 3)‡

COVID-19 with 
AKI
(Group 4)‡ P value

Admissions to ITU* 12 423a (1.2) 26 649b (5.1) 33 647c (5.3) 24 768d (10.9) <0.001

Number of ITU admissions† 1.1 ± 0.4a 1.1±0.4b 1.1±0.4b 1.1±0.5 c <0.001

Number of organ support required† 1.7 ± 1.2a 2.0±1.3b 2.2 ± 1.5c 2.8±1.6d <0.001

Total advanced cardiac support days† 0.60 ± 2.5a 0.5 ± 2.3a 1.21±3.3b 1.6 ± 4.0c <0.001

Total advanced respiratory support 
days†

2.0 ± 6.8a 5.44±10.4b 3.19 ± 8.0c 11.2±14.0d <0.001

Total basic cardiac support days† 3.7 ± 6.4a 7.9±10.2b 5.0 ± 7.4c 12.2±13.3d <0.001

Total basic respiratory support days† 1.7 ± 3.9a 3.9±4.46b 1.9 ± 3.7c 3.2±4.6d <0.001

ITU length of stay (days)† 2.4 ± 7.5a 5.58±10.6b 3.96 ± 8.4c 11.5±14.3d <0.001

Liver support days† 0.1 ± 0.7a 0.01±0.3b 0.1 ± 1.3c 0.1 ± 0.7a <0.001

Kidney support days† 0 0 1.4 ± 4.3a 3.3±7.7b <0.001

ITU mortality* 404a (4.8) 4279b (22.3) 5015c (20.8) 8496d (47.8) <0.001

*Number (%).
†Mean 2 SD.
‡Each subscript letter denotes a subset of COVID-19 group categories whose column proportions do not differ significantly from each other 
at the 0.05 level.
ITU, intensive therapy unit.

Figure 2  Multivariate analysis of predictors of mortality in patients hospitalised with COVID-19. AKI, acute kidney injury; CCI, 
Charlson’s Comorbidity Index; ITU, intensive therapy unit.
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We observed a slightly lower prevalence of AKI 
(30.31%) in patients hospitalised with COVID-19 versus 
those without COVID-19 (35.91%). This is in contrast 
with our own single-centre study conducted during the 
early stages of the pandemic, which identified a higher 
incidence of AKI among individuals hospitalised with 
COVID-19 (26.2%) versus those without COVID-19 
(12.4%).1 Similarly, in the USA, the incidence of AKI was 
greater in the group of individuals with COVID-19 when 
compared with those without COVID-19 (57% vs 37%, 
respectively).5 The reasons for this disparity are not clear 
but may include a higher threshold for admitting patients 
without COVID-19 during the pandemic and regional 
variation.

Our observations align with prior research, showing 
that hospitalised individuals with COVID-19 and AKI 
tend to be older, are predominantly male and exhibit 
moderate to high levels of comorbidities.20–22 We also 
noted that patients with COVID-19, whether with or 
without AKI, had a higher percentage of individuals from 
Asian and black ethnic backgrounds compared with those 
without COVID-19. Additionally, a greater proportion of 
COVID-19 patients, regardless of AKI status, were from 
socioeconomically deprived areas. These risk factors may 
be clinically helpful to identify patients with COVID-19 
who are at greater risk of developing AKI and may benefit 
from closer monitoring.

We found that the unadjusted mortality rate for patients 
with both COVID-19 and AKI was more than double 
that for COVID-19 without AKI or AKI without COVID-
19. Importantly, the increased risk of death in patients 
hospitalised with COVID-19 and AKI persisted after 
adjustment for multiple other risk factors in a multivari-
able analysis. In Northern Italy, COVID-19-related AKI 
was linked to 59.7% of deaths, while in Spain, mortality 
was 38.5%, compared with 13.4% in the overall popula-
tion during wave 1.23 24 This implies that in the context 
of COVID-19, AKI is not simply a consequence of disease 
severity but actively contributes to substantially increasing 
mortality. Our observations are consistent with previous 
studies that have reported a higher fatality rate among 
COVID-19 patients with AKI (33.3–86.4%), contrasting 
with COVID-19 without AKI (5.6–9.3%).2 5 25–27 More-
over, the inclusion of appropriate control groups enables 
us to provide robust evidence that AKI associated with 
COVID-19 is associated with a much higher risk of death 
than AKI due to other causes. In practice, this means that 
clinicians should recognise patients with COVID-19 and 
AKI to be at particularly high risk of death and ensure 
that they receive close monitoring and early referral for 
ITU support and/or RRT.

This study has several strengths compared with previ-
ously published reports. Prior observational studies have 
individually explored the risk factors and outcomes 
of AKI among COVID-19 patients who were hospital-
ised.1 20–22 28 However, there have been no comprehensive 
large-scale systematic studies that compare the outcomes 
of COVID-19 patients with AKI to those without AKI, as 

well as to individuals with AKI in the absence of COVID-
19, and patients admitted without COVID-19 and AKI 
during the same observation period. Nevertheless, several 
limitations should be considered. First, we relied on 
administrative codes for diagnosis, which have limitations 
when it comes to accurately capture and characterising 
AKI. However, we believe that this is outweighed by the 
advantage of administrative codes encompassing a vast 
amount of data from multiple healthcare institutions, 
providing researchers with access to a large and diverse 
patient population. Second, we specifically considered 
patients with laboratory-confirmed diagnoses of COVID-
19, but it is worth noting that there may have been indi-
viduals in the early stages of the pandemic who were 
infected with SARS-CoV-2 but were not included in the 
study due to limited testing availability. Third, we did not 
have access to clinical data regarding the physiological 
status of patients which may have impacted the outcomes. 
Finally, we did not have vaccination data and are unable 
to determine any impact of vaccination on the incidence 
of AKI.

CONCLUSIONS
Patients with COVID-19 should be proactively monitored 
for the development of AKI and managed to reduce the 
incidence of AKI, particularly if they are in identified high-
risk groups. Those who develop AKI should be recognised 
as having a very high risk of mortality and provided with 
optimal treatment and supportive care from early in their 
course. Moreover, our observations reinforce the message 
that prevention through vaccination remains important 
for at-risk groups. In planning for future pandemics, 
healthcare systems should consider the broader impact 
of an emerging infection. This should include the provi-
sion of sufficient critical care and acute dialysis capacity 
to adequately support the anticipated number of cases of 
acute infection and AKI.

Acknowledgements  We acknowledge NHS Digital for permission to use their data 
in this report. We also thank Lindsay Snell for the literature search

Contributors  This study was designed and organised by NVK, RF and MT. Data 
cleaning and analysis were done by NVK. Writing of the first draft was by NVK and 
MT. NVK is the guarantor. All authors critically reviewed the manuscript and agreed 
to submission of the final draft.

Funding  There was no funding for this study

Competing interests  All authors have completed the Unified Competing Interest 
form at www.​icmje.​org/​disclosure-​of-​interest (available on request from the 
corresponding author) and declare the following: No funding for the study; no 
financial relationships with any organisations that might have an interest in the 
submitted work in the previous three years, no other relationships or activities that 
could appear to have influenced the submitted work. The manuscript’s guarantor 
(NVK) affirms that the manuscript is an honest, accurate and transparent account of 
the study being reported; that no important aspects of the study have been omitted 
and that any discrepancies from the study as planned have been explained.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants, but Health Research 
Authority and Wales Research Ethics Committee exempted this study (HRA 
Reference: 20/HRA/4002).

Provenance and peer review  Not commissioned; externally peer reviewed.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 6, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
15 M

arch
 2025. 

10.1136/b
m

jo
p

en
-2024-095020 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


8 Kolhe NV, et al. BMJ Open 2025;15:e095020. doi:10.1136/bmjopen-2024-095020

Open access�

Data availability statement  Data may be obtained from a third party and are 
not publicly available. All data relevant to the study are included in the article or 
uploaded as supplementary information. The authors are unable to fulfil requests 
for underlying data due to the data sharing agreement with National Health Service 
(NHS) Digital, which governs the acquisition and analysis of Hospital Episode 
Statistics (HES) data. Access to HES data can be obtained by directly applying to 
NHS Digital, subject to their conditions of use and further usage policies.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Nitin V Kolhe http://orcid.org/0000-0003-2528-4436
Maarten Taal http://orcid.org/0000-0002-9065-212X

REFERENCES
	 1	 Kolhe NV, Fluck RJ, Selby NM, et al. Acute kidney injury associated 

with COVID-19: A retrospective cohort study. PLoS Med 
2020;17:e1003406. 

	 2	 Hirsch JS, Ng JH, Ross DW, et al. Acute kidney injury in patients 
hospitalized with COVID-19. Kidney Int 2020;98:209–18. 

	 3	 Cummings MJ, Baldwin MR, Abrams D, et al. Epidemiology, clinical 
course, and outcomes of critically ill adults with COVID-19 in New 
York City: a prospective cohort study. Lancet 2020;395:1763–70. 

	 4	 Sullivan MK, Lees JS, Drake TM, et al. Acute kidney injury in patients 
hospitalized with COVID-19 from the ISARIC WHO CCP-UK Study: 
a prospective, multicentre cohort study. Nephrol Dial Transplant 
2022;37:271–84. 

	 5	 Fisher M, Neugarten J, Bellin E, et al. AKI in Hospitalized Patients 
with and without COVID-19: A Comparison Study. J Am Soc Nephrol 
2020;31:2145–57. 

	 6	 Ng PY, Ip A, Ng AK-Y, et al. Risk of acute kidney injury in critically-
ill patients with COVID-19 compared with seasonal influenza: a 
retrospective cohort study. EClinicalMedicine 2024;70:102535. 

	 7	 Bhasin B, Veitla V, Dawson AZ, et al. AKI in Hospitalized Patients 
with COVID-19 and Seasonal Influenza: A Comparative Analysis. 
Kidney360 2021;2:619–28. 

	 8	 Shusterman E, Kliuk Ben-Bassat O, Zahler D, et al. Risk factors, 
clinical characteristics and prognostic value of acute kidney injury in 
COVID-19 compared with influenza virus and respiratory syncytial 
virus. J Nephrol 2023;36:1349–59. 

	 9	 Huang Y, Gou R, Diao Y, et al. Charlson comorbidity index helps 
predict the risk of mortality for patients with type 2 diabetic 
nephropathy. J Zhejiang Univ Sci B 2014;15:58–66. 

	10	 de Groot V, Beckerman H, Lankhorst GJ, et al. How to measure 
comorbidity. a critical review of available methods. J Clin Epidemiol 
2003;56:221–9. 

	11	 Charlson ME, Pompei P, Ales KL, et al. A new method of classifying 
prognostic comorbidity in longitudinal studies: development and 
validation. J Chronic Dis 1987;40:373–83. 

	12	 Guo H, Sheng Y, Li W, et al. Coagulopathy as a Prodrome of 
Cytokine Storm in COVID-19-Infected Patients. Front Med 
(Lausanne) 2020;7:572989. 

	13	 Lorenz G, Moog P, Bachmann Q, et al. Title: Cytokine release 
syndrome is not usually caused by secondary hemophagocytic 
lymphohistiocytosis in a cohort of 19 critically ill COVID-19 patients. 
Sci Rep 2020;10:18277. 

	14	 Quinaglia T, Shabani M, Breder I, et al. Coronavirus disease-19: 
The multi-level, multi-faceted vasculopathy. Atherosclerosis 
2021;322:39–50. 

	15	 Su H, Yang M, Wan C, et al. Renal histopathological analysis of 26 
postmortem findings of patients with COVID-19 in China. Kidney Int 
2020;98:219–27. 

	16	 Asakura H, Ogawa H. COVID-19-associated coagulopathy 
and disseminated intravascular coagulation. Int J Hematol 
2021;113:45–57. 

	17	 Libby P, Lüscher T. COVID-19 is, in the end, an endothelial disease. 
Eur Heart J 2020;41:3038–44. 

	18	 Wrapp D, Wang N, Corbett KS, et al. Cryo-EM structure of the 2019-
nCoV spike in the prefusion conformation. Science 2020;367:1260–3. 

	19	 Braun F, Lütgehetmann M, Pfefferle S, et al. SARS-CoV-2 renal 
tropism associates with acute kidney injury. Lancet 2020;396:597–8. 

	20	 Aggarwal S, Garcia-Telles N, Aggarwal G, et al. Clinical features, 
laboratory characteristics, and outcomes of patients hospitalized 
with coronavirus disease 2019 (COVID-19): Early report from the 
United States. Diagnosis (Berl) 2020;7:91–6. 

	21	 Rosenthal N, Cao Z, Gundrum J, et al. Risk Factors Associated 
With In-Hospital Mortality in a US National Sample of Patients With 
COVID-19. JAMA Netw Open 2020;3:e2029058. 

	22	 Silver SA, Beaubien-Souligny W, Shah PS, et al. The Prevalence of 
Acute Kidney Injury in Patients Hospitalized With COVID-19 Infection: 
A Systematic Review and Meta-analysis. Kidney Med 2021;3:83–98. 

	23	 Alfano G, Ferrari A, Fontana F, et al. Incidence, risk factors and 
outcome of acute kidney injury (AKI) in patients with COVID-19. Clin 
Exp Nephrol 2021;25:1203–14. 

	24	 Procaccini FL, Alcázar Arroyo R, Albalate Ramón M, et al. 
Acute kidney injury in 3182 patients admitted with COVID-19: 
a single-center, retrospective, case-control study. Clin Kidney J 
2021;14:1557–69. 

	25	 Chan L, Chaudhary K, Saha A, et al. AKI in Hospitalized Patients with 
COVID-19. J Am Soc Nephrol 2021;32:151–60. 

	26	 Costa RL da, Sória TC, Salles EF, et al. Acute kidney injury in patients 
with Covid-19 in a Brazilian ICU: incidence, predictors and in-
hospital mortality. J Bras Nefrol 2021;43:349–58. 

	27	 Pei G, Zhang Z, Peng J, et al. Renal Involvement and Early 
Prognosis in Patients with COVID-19 Pneumonia. J Am Soc Nephrol 
2020;31:1157–65. 

	28	 Wan YI, Bien Z, Apea VJ, et al. Acute kidney injury in COVID-19: 
multicentre prospective analysis of registry data. Clin Kidney J 
2021;14:2356–64. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 6, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
15 M

arch
 2025. 

10.1136/b
m

jo
p

en
-2024-095020 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-2528-4436
http://orcid.org/0000-0002-9065-212X
http://dx.doi.org/10.1371/journal.pmed.1003406
http://dx.doi.org/10.1016/j.kint.2020.05.006
http://dx.doi.org/10.1016/S0140-6736(20)31189-2
http://dx.doi.org/10.1093/ndt/gfab303
http://dx.doi.org/10.1681/ASN.2020040509
http://dx.doi.org/10.1016/j.eclinm.2024.102535
http://dx.doi.org/10.34067/KID.0007322020
http://dx.doi.org/10.1007/s40620-023-01591-2
http://dx.doi.org/10.1631/jzus.B1300109
http://dx.doi.org/10.1016/s0895-4356(02)00585-1
http://dx.doi.org/10.1016/0021-9681(87)90171-8
http://dx.doi.org/10.3389/fmed.2020.572989
http://dx.doi.org/10.3389/fmed.2020.572989
http://dx.doi.org/10.1038/s41598-020-75260-w
http://dx.doi.org/10.1016/j.atherosclerosis.2021.02.009
http://dx.doi.org/10.1016/j.kint.2020.04.003
http://dx.doi.org/10.1007/s12185-020-03029-y
http://dx.doi.org/10.1093/eurheartj/ehaa623
http://dx.doi.org/10.1126/science.abb2507
http://dx.doi.org/10.1016/S0140-6736(20)31759-1
http://dx.doi.org/10.1515/dx-2020-0046
http://dx.doi.org/10.1001/jamanetworkopen.2020.29058
http://dx.doi.org/10.1016/j.xkme.2020.11.008
http://dx.doi.org/10.1007/s10157-021-02092-x
http://dx.doi.org/10.1007/s10157-021-02092-x
http://dx.doi.org/10.1093/ckj/sfab021
http://dx.doi.org/10.1681/ASN.2020050615
http://dx.doi.org/10.1590/2175-8239-JBN-2020-0144
http://dx.doi.org/10.1681/ASN.2020030276
http://dx.doi.org/10.1093/ckj/sfab071
http://bmjopen.bmj.com/

	Effect of COVID-­19 with or without acute kidney injury on inpatient mortality in England: a national observational study using administrative data
	Abstract
	Introduction﻿﻿
	Methods
	Ethical and regulatory approval
	Study design and procedure
	Definitions
	Outcomes
	Statistical analysis

	Patient and public involvement

	Results
	ITU admissions
	Associations with in-hospital mortality

	Discussion
	Conclusions
	References


