
www.kidney-international.org c l i n i ca l i nves t iga t ion
validating impact of the COVID-19 pandemic in

OPEN
A retrospective cohort study predicting and

individuals with chronic kidney disease

Ashkan Dashtban1, Mehrdad A. Mizani1, Spiros Denaxas1, Dorothea Nitsch2, Jennifer Quint3,
Richard Corbett4, Jil B. Mamza5, Tamsin Morris5, Mamas Mamas6, Deborah A. Lawlor7, Kamlesh Khunti8,
CVD-COVID-UK Consortium9, Cathie Sudlow9, Harry Hemingway1,10 and Amitava Banerjee1,10,11,12

1Institute of Health Informatics, University College London, London, UK; 2Department of Non-Communicable Disease Epidemiology,
London School of Hygiene and Tropical Medicine, London, UK; 3Faculty of Medicine, National Heart and Lung Institute, Imperial College
London, London, UK; 4Department of Nephrology, Imperial College Healthcare NHS Trust, London, UK; 5Medical and Scientific Affairs,
BioPharmaceuticals Medical, AstraZeneca, Cambridge, UK; 6Keele Cardiovascular Research Group, Centre for Prognosis Research, Keele
University, Keele, UK; 7School of Social and Community Medicine, University of Bristol, Bristol, UK; 8Diabetes Research Centre, University of
Leicester, Leicester, UK; 9British Heart Foundation Data Science Centre, Health Data Research UK, London, UK; 10Health Data Research UK,
University College London, London, UK; 11Department of Cardiology, Barts Health NHS Trust, London, UK; and 12Department of
Cardiology, University College London Hospitals NHS Trust, London, UK
Chronic kidney disease (CKD) is associated with increased
risk of baseline mortality and severe COVID-19, but
analyses across CKD stages, and comorbidities are lacking.
In prevalent and incident CKD, we investigated
comorbidities, baseline risk, COVID-19 incidence, and
predicted versus observed one-year excess death. In a
national dataset (NHS Digital Trusted Research
Environment [NHSD TRE]) for England encompassing 56
million individuals), we conducted a retrospective cohort
study (March 2020 to March 2021) for prevalence of
comorbidities by incident and prevalent CKD, SARS-CoV-2
infection and mortality. Baseline mortality risk, incidence
and outcome of infection by comorbidities, controlling for
age, sex and vaccination were assessed. Observed versus
predicted one-year mortality at varying population
infection rates and pandemic-related relative risks using
our published model in pre-pandemic CKD cohorts (NHSD
TRE and Clinical Practice Research Datalink [CPRD]) were
compared. Among individuals with CKD
(prevalent:1,934,585, incident:144,969), comorbidities were
common (73.5% and 71.2% with one or more condition[s]
in respective data sets, and 13.2% and 11.2% with three or
more conditions, in prevalent and incident CKD), and
associated with SARS-CoV-2 infection, particularly dialysis/
transplantation (odds ratio 2.08, 95% confidence interval
2.04-2.13) and heart failure (1.73, 1.71-1.76), but not
cancer (1.01, 1.01-1.04). One-year all-cause mortality
varied by age, sex, multi-morbidity and CKD stage.
Compared with 34,265 observed excess deaths, in the
NHSD-TRE and CPRD databases respectively, we predicted
28,746 and 24,546 deaths (infection rates 10% and relative
risks 3.0), and 23,754 and 20,283 deaths (observed
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infection rates 6.7% and relative risks 3.7). Thus, in this
largest, national-level study, individuals with CKD have a
high burden of comorbidities and multi-morbidity, and
high risk of pre-pandemic and pandemic mortality. Hence,
treatment of comorbidities, non-pharmaceutical measures,
and vaccination are priorities for people with CKD and
management of long-term conditions is important during
and beyond the pandemic.
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C hronic kidney disease (CKD) carries major global dis-
ease burden, as a risk factor for morbidity and mor-
tality, and as the end syndrome of underlying risk

factors and diseases,1,2 such as cancers3 and cardiovascular
disease (CVD).4 During the coronavirus disease 2019
(COVID-19) pandemic, CKD has been associated with poor
prognosis.5,6 Despite clinical and public health importance,
CKD research to date in all stages, multimorbidity, or the
general population7 using national-level data has been limit-
ed.The pandemic has had both direct (through infection) and
indirect (through changes in health services, economic up-
heaval, and behavioural factors8,9) impacts. The direct impact
in individuals with CKD and other underlying conditions is
related to baseline risk, influenced by age, sex, multi-
morbidity, and other sociodemographic factors.10 However,
previous studies of COVID-19 in CKD have been small scale
(12–1099 cases5), have mostly focused on end-stage CKD, and
have ignored major comorbidities (either most common in
CKD or related to risk of COVID-19 mortality). Few risk
stratification tools are used in clinical practice for individuals
1
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with CKD or prediction of CKD, and those that include CKD
usually do not consider different CKD stages. Better charac-
terization of baseline risk in people with CKD may inform
individual and population approaches to CKD prevention
and treatment and integrated management of chronic
diseases.

CKD, already known to increase baseline risk of mortality,
is associated with increased risk of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection, disease
severity, hospital11 and intensive care admission,12 and mor-
tality. The role of other risk factors and underlying conditions
in risk of COVID-19 in people with CKD requires more
detailed investigation.13–15 There are clinical practice tools for
risk stratification of COVID-19 patients in the community
and hospitals, but inclusion of CKD is as a binary variable,
and so the spectrum of risk faced by individuals with CKD
has not been fully considered. Such analyses are important in
risk communication to patients, public and health pro-
fessionals, as well as policies to suppress infection rate (IR),
such as social distancing and physical isolation. Meanwhile,
more nuanced investigation of the risk associated with CKD
may inform clinical care, COVID-19 vaccination strategies, as
well as public health approaches to CKD after the
pandemic.16–19

Using national, population-based electronic health records
(EHRs), in individuals with prevalent and incident CKD, we
investigated the following: (i) underlying conditions; (ii)
mortality risk; (iii) incidence of SARS-CoV-2 infection, and
(iv) prediction and validation of pandemic-related excess
deaths.

METHODS
Study design and data sources
We conducted a retrospective, population-based cohort study using
NHS Digital Trusted Research Environment for England (NHSD
TRE)20: a national database developed for pandemic-related
research, linking primary care,21 Hospital Episode Statistics
Admitted Patient Care, COVID-19 trajectories,22 COVID-19
vaccination, and mortality information from the Office for Na-
tional Statistics Civil Registration of Deaths (Supplementary
Figure S1). To investigate multimorbidity, baseline risk, incidence,
and mortality, in individuals with CKD (aged $18 years), we
defined “prevalent CKD” as $6 months before the onset of
pandemic (March 1, 2020) without history of COVID-19, and
“incident CKD” as new onset from March 1, 2020, to March 1,
2021, without history of COVID-19 before developing CKD. To
predict 1-year COVID-19–related excess deaths based on prepan-
demic mortality risk, prevalent CKD at January 1, 2019, was
defined using similar criteria. To show applicability of our methods
to less complete, less up-to-date data sets, we also used Clinical
Practice Research Datalink (CPRD) Gold data (as in our previous
research15) to define prevalent CKD at April 6, 2014, by either
diagnosed CKD or 2 estimated glomerular filtration rate measures
(by Modification of Diet in Renal Disease-4 algorithm23) $6
months before index date.

Having an underlying condition, for all cohorts, was defined as
having $6 months’ history of the condition: (i) before index date for
prevalent CKD and (ii) before incidence date for incident CKD.
2

Number of underlying conditions, where stated, was based on 6 con-
ditions: chronic obstructive pulmonary disease, asthma, CVD, cancer,
diabetes, and chronic liver disease. COVID-19mortality was defined as
mortality within 28 days of a positive test result. For SARS-CoV-2
incidence rate in prevalent CKD, disease-free time was estimated
from earliest date before death or first-dose vaccination. Incident CKD
was defined as SARS-CoV-2 positive $14 days after developing CKD.
Disease-free time was measured from date of incident CKD. Crude
incidence rate did not account for vaccination or other factors.

Phenotypes
Definitions of underlying conditions were derived from Health Data
Research UK–Clinical diseAse research using LInked Bespoke studies
and Electronic health Records (CALIBER), a comprehensive plat-
form with validated definitions of underlying conditions.24 Pheno-
typing was performed in primary care (General Practice Extraction
Service [GPES] Data for Pandemic Planning and Research
[GDPPR]) using Systematized Nomenclature of Medicine—Clinical
Terms (SNOMED CT) concepts and in secondary care (Hospital
Episode Statistics Admitted Patient Care) using International Clas-
sification of Diseases, Tenth Revision (ICD-10), codes. For CKD
phenotyping (including CKD stages, dialysis, and transplant), we
extracted SNOMED CT concepts systematically using off-line NHS
Digital SNOMED CT Browser (Supplementary Table S1). CVD was
defined as a composite of stroke (nonspecified, ischemic, hemor-
rhagic, transient ischemic attack, or subarachnoid hemorrhagic),
heart failure, arrhythmias, acute myocardial infarction, cardiomy-
opathy, atrial fibrillation, deep vein thrombosis, isolated calf vein
thrombosis, and pulmonary embolism.25 Obesity was defined as
body mass index >40 kg/m2. Diabetes included all types of diabetes.
Implementation of phenotypes is publicly available (https://github.
com/BHFDSC/CCU003_03/tree/main/phenotypes).

Statistical analysis
Underlying conditions. We estimated prevalence of underlying

conditions in prevalent and incident CKD, stratifying by age, gender,
CKD stage, or dialysis/transplantation. We compared prevalence of
underlying conditions in infected versus noninfected for (i) all CKD
patients and (ii) nonsurvival group, using odds ratio (Wald method)
and Mantel-Haenszel c2 test with 95% confidence intervals.

Mortality risk. With SARS-CoV-2 infection as exposure and
1-year all-cause mortality as outcome, we estimated adjusted
relative risk (RR), stratified by underlying conditions, for both
prevalent and incident CKD, using generalized linear model with
Poisson distribution (log link) after adjusting for the following: (i)
age and (ii) age and other potential cofounders by exact matching
based on $1 vaccination dose, age groups (5-year intervals), and
sex, assessing matching quality using distributional plots. To esti-
mate overall effect of having an underlying condition, analyses
were repeated with generalized linear model for each condition,
reporting respective RRs (with “SARS-CoV-2 positive” as another
potential confounder in exact matching).

Incidence of SARS-CoV-2 infection. We estimated crude inci-
dence rate of SARS-CoV-2 infection per 10,000 person-week, strat-
ified by underlying conditions for incident and prevalent CKD.

Predicting and validating pandemic-related excess
deaths. By Kaplan-Meier analyses, we estimated prepandemic
baseline risk of 1-year all-cause mortality for prevalent CKD in
NHSD TRE (2019) and CPRD cohorts (2014). We validated our
recent model14,15 (to predict COVID-19–related excess death) using
Kidney International (2022) -, -–-
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Figure 1 | Incidence rate of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection by underlying conditions and
stages of chronic kidney disease (CKD) in 1 year of coronavirus disease 2019 (COVID-19) pandemic for prevalent (n [ 1,934,585) and
incident (n [ 144,969) CKD, after controlling for COVID-19 first-dose vaccination. COPD, chronic obstructive pulmonary disease; CVD,
cardiovascular disease; Dialysis/T, dialysis/transplantation; PAD, peripheral arterial disease.
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our risk estimates and applying 1-year population IR of 10%, and
overall RR of mortality (set at 3) based on previous reports.15,26 We
predicted total excess deaths by: (i) age groups and number of
underlying conditions and (ii) underlying conditions, using
assumed and observed IR and RR. The analysis was performed
according to a prespecified analysis plan published on GitHub
(https://github.com/BHFDSC/CCU003_01), including implementa-
tions and phenotypes.

Role of the funding source
The funders of the study had no role in study design, data collection,
data analysis, data interpretation, or writing of the report. AD,
MAM, and AB had full access to all the data in the study; and AB had
final responsibility for the decision to submit for publication.

RESULTS
Overall population characteristics
We included 1,934,585 individuals with prevalent CKD (mean
age, 77.4� 12 years; 58.0% female; 12.7%CKD stage>3; 4.4%
dialysis/transplantation) and 144,169 with incident CKD
(mean age, 73.9 � 12.8 years; 51.9% female; 9.2% CKD stage
>3; 2.4% dialysis/transplantation; Supplementary Figure S1
and Supplementary Tables S2 and S3). Among those with
prevalent and incident CKD, 91.5% and 86.6%, respectively,
were aged >60 years, and 48.0% and 36.1%, respectively, were
aged>80 years. In the first year of the pandemic, in those with
prevalent and incident CKD, 6.7% and 7.8% were infected,
1.8% and 1.7% had died from COVID-19, and 8.9% and 7.0%
had died from all causes, respectively.
Kidney International (2022) -, -–-
Underlying conditions
Comorbidities were more common in prevalent than incident
CKD, and in males, in older individuals, and at CKD stages 4
and 5, especially CVD (prevalent CKD vs. incident CKD,
42.5% vs. 39.6%) and diabetes (prevalent CKD vs. incident
CKD, 30.5% vs. 28.8%; Supplementary Figures S2–S5).
Looking at comorbidity pairs, the most common combina-
tions were 2 CVD subtypes (e.g., 20.5% for atrial fibrillation
and CVD), diabetes with CVD (15.3%), and cancer with
CVD (11.6%) in prevalent CKD (Supplementary Figure S2).
A total of 73.5% and 13.2% of individuals with prevalent
CKD and 71.2% and 11.2% of those with incident CKD
had $1 and $3 underlying conditions, respectively
(Supplementary Tables S2 and S3). SARS-CoV-2 infection
rates were higher in incident than prevalent CKD (e.g., 39.2
vs. 28.1 per 10,000 person-weeks for chronic liver disease,
37.9 vs. 25.8 for stage 5 CKD, 31.7 vs. 24.1 for heart failure;
Figure 1). Comorbidities were associated with infection,
compared with noninfected individuals, particularly for
dialysis/transplantation (odds ratio [OR], 2.08; 95% confi-
dence interval [CI], 2.04–2.13) and heart failure (OR, 1.73;
95% CI, 1.71–1.76), but not for cancer (OR, 1.01; 95% CI,
1.01–1.04). Across all comorbidities, association with infec-
tion was reduced in the nonsurviving group. Cancer (OR,
0.80; 95% CI, 0.78–0.82), atrial fibrillation (OR, 0.90; 95%
CI, 0.87–0.92), and chronic liver disease (OR, 0.83; 95% CI,
0.74–0.93) were less likely in infected people with prevalent
CKD who did not survive, compared with noninfected
3
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people. In nonsurvivors, only diabetes, dialysis/trans-
plantation, and asthma were more common in infected than
noninfected cases in both prevalent and incident CKD
(Supplementary Figure S5 and Supplementary Table S4).

Mortality risk
One-year all-cause mortality varied by age, sex, multi-
morbidity, and CKD stage (e.g., 0.2% in those aged #50
years, with no comorbidities, and with stage 3 CKD; 29.9% in
those aged >80 years, with $3 comorbidities, and with stage
5 CKD; Supplementary Figure S6). The RR of 1-year all-cause
mortality associated with SARS-CoV-2 infection was com-
parable between incident and prevalent cases of CKD, and
highest for those on dialysis/transplantation (prevalent CKD:
RR, 1.70; 95% CI, 1.67–1.73; incident CKD: RR, 1.50; 95%
CI, 1.37–1.63), or having chronic liver disease (prevalent
CKD: RR, 1.61; 95% CI, 1.55–1.66; incident CKD: RR, 1.85;
95% CI, 1.65–2.06), after adjusting for age, sex, COVID-19
vaccination, and positive COVID-19 test result (Table 1)
with appropriate matching (Supplementary Figure S7). The
RR of 1-year all-cause mortality was highest for diabetes
(prevalent CKD: RR, 1.32; 95% CI, 1.30–1.33; incident CKD:
RR, 1.38; 95% CI, 1.30–1.45) and asthma (prevalent CKD:
RR, 1.27; 95% CI, 1.24–1.30; incident CKD: RR, 1.31; 95%
CI, 1.21–1.42), after adjusting for age, sex, and first-dose
vaccination (Supplementary Table S5). The incidence risk of
mortality was significantly lower in vaccinated CKD than
nonvaccinated (Supplementary Table S6) after exact matching
and adjusting based on age, sex, and being tested positive for
SARS-CoV-2 infection. Vaccine efficacy seemed to be highest
in CKD patients with dialysis or asthma comparing with
other underlying conditions.
Incidence of SARS-CoV-2 infection
The incidence of infection was higher in incident CKD (20.5
[95% CI, 20–21] per 10,000 person weeks) than prevalent
CKD (15.0 [95% CI, 14.9–15.1] per 10,000 person weeks),
across all underlying conditions and CKD stages, even after
accounting for vaccination (Figure 1 and Supplementary
Table S7). Incidence of infection was highest in individuals
with dialysis/transplantation (prevalent CKD: 28.1 [95% CI,
27.6–28.6]; incident CKD: 39.2 [95% CI, 35.2–43.6] per
10,000 person weeks) and lowest in those with cancer
(prevalent CKD: 15.7 [95% CI, 15.5–15.9]; incident CKD:
22.2 [95% CI, 21.2–23.4] per 10,000 person weeks).

Predicting excess death
Observed IR (6.7%) and observed RR (3.7) were used in our
prediction model (Supplementary Figure S8) with the NHSD
TRE (January 1,2019: n ¼ 1,727,130; mean age, 77.0 � 12.0
years; 58.4% female) and CPRD (April 6, 2014: n ¼ 174,648;
mean age, 77.0 � 11.9 years; 61.2% female) cohorts of in-
dividuals with prevalent chronic kidney disease
(Supplementary Table S8). Prepandemic 1-year all-cause
mortality in the CPRD cohort (Supplementary Figure S9)
Kidney International (2022) -, -–-



Table 2 | Estimated 1-year excess deaths by population infection rate and relative impact of the pandemic using Lancet 2020
model15 and prevalent CKD patients in 2 independent population-based cohorts (NHSD TRE and CPRD)

Data used in Lancet 2020 model (date
of analysis of prevalent CKD)

RR of mortality
associated with the

pandemic

Population infection rate, %

Assumed Observeda

10 40 80 6.7

NHSD TRE (January 1, 2019) Assumed 1.5 14,373 (41.9) 57,492 (167.8) 114,984 (335.6) 9630 (28.1)
2 19,164 (55.9) 76,656 (223.7) 153,312 (447.4) 12,840 (37.5)
3 28,746 (83.9) 114,984 (335.6) 229,968 (671.1) 19,260 (56.2)

Observeda 3.7 35,453 (103.5) 141,812 (413.9) 283,624 (827.7) 23,754 (69.3)
CPRD (April 6, 2014) Assumed 1.5 12,273 (35.8) 49,092 (143.3) 98,184 (286.5) 8223 (24)

2 16,364 (47.8) 65,456 (191) 130,912 (382.1) 10,964 (32)
3 24,546 (71.6) 98,184 (286.5) 196,368 (573.1) 16,446 (48)

Observeda 3.7 20,283 (59.2) 20,283 (59.2) 20,283 (59.2) 20,283 (59.2)

CKD, chronic kidney disease; CPRD, Clinical Practice Research Datalink; NHSD TRE, NHS Digital Trusted Research Environment for England; RR, relative risk.
aObserved parameters in NHSD TRE data.
The values in parentheses show percentages of observed excess deaths (i.e., 34,265). Bold data denote model using RR ¼ 3.0 and population infection rate ¼ 10%. Bold and
italics data denote RR ¼ 3.7 and population infection rate ¼ 6.7%.
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was comparable to the NHSD TRE cohort, by number of
underlying conditions, age, sex, and CKD stage.

Using NHSD TRE and CPRD data, our model predicted
28,746 (83.9%) and 24,546 (71.6%) deaths, respectively, with
IR of 10% and RR of 3.0, and 23,754 (69.3%) and 20,283
(59.2%) deaths, respectively, with IR of 6.7% and RR of 3.7,
compared with 34,265 observed excess deaths (Table 2). For
NHSD TRE data, the prediction of COVID-19 deaths was
significantly improved using IR of 10% and RR of 3.0,
compared with IR of 6.7% and RR of 3.7 (e.g., 90.6% vs.
71.2% for chronic obstructive pulmonary disease, 94.4% vs.
74.2% for heart failure, and 90.3% vs. 71.0% for cancer). The
model underpredicted for asthma (77.0% vs. 60.5%) and
diabetes (76.0% vs. 59.7%) and overpredicted for dialysis/
transplantation (124.3% vs. 97.7%; Table 3). The predicted
proportions of COVID-19 deaths by age group were com-
parable to the observed proportions, for both NHSD TRE and
CPRD data (Supplementary Figure S10) (e.g., in individuals
aged >80 years, observed 75.0% and predicted 73.8% using
NHSD TRE data and 76.6% using CPRD data).

DISCUSSION
In this large, nationally representative cohort study of
individuals with CKD, we had 4 findings. First, comor-
bidities and multimorbidity were common, and associated
with SARS-CoV-2 infection and severe COVID-19. Sec-
ond, 1-year mortality risk was high and dependent on age,
underlying condition, stage of CKD, and incidence or
prevalence of CKD, ranging from 0.5% to 37.2%. Third,
the UK burden of COVID-19 excess deaths in individuals
with CKD was >34,000 in 1 year and predictable using a
simple, parsimonious model and routine EHRs. Fourth,
we showed that vaccination was associated with reduced
mortality risk.

Diabetes and CVD are well documented as major risk
factors and comorbidities in people with CKD, whether in
epidemiologic27,28 or therapeutic research.29 We describe,
for the first time, distribution of comorbidities and
Kidney International (2022) -, -–-
multimorbidity across the whole spectrum of CKD, both
prevalent and incident CKD in up-to-date national data for
England. These data are important for planning services for
treatment and prevention in individuals with CKD both
during and after the pandemic. For example, 7% of in-
dividuals with incident or prevalent CKD have both dia-
betes and cancer; >10% have CVD and cancer. Projections
of direct and indirect impact of COVID-19 have not
considered overlap between diseases and treatments,
probably leading to underestimation. Our finding of higher
infection rates in those with dialysis/transplantation may be
related to detection bias due to some regular monitoring of
those patients for COVID-19 symptoms, resulting in a
better detection of SARS-CoV-2 infection. In this context,
developing a new condition (such as incident CKD) could
potentially increase the contacts with health service that
could have resulted in higher detection of infection in
incident CKD than prevalent CKD. Despite that, the low
rates observed for cancer patients could be related to
shielding strategy in clinically vulnerable patients in the
United Kingdom. Our results are in line with prior
studies13 showing higher infection rates in those with CKD.
Future research should also address subtypes of CKD and
trajectory by comorbidity profile to guide and prioritize
preventive clinical and public health interventions.

We provide detailed large-scale, population-based analyses
to provide patients, health professionals, and policy makers
with understanding of pre–COVID-19 and post–COVID-19
mortality risk in people with CKD, based on age, underlying
conditions, and incident versus prevalent diseases. Despite
increasing clinical, societal, and scientific interest in precision
medicine, CKD has not been comprehensively investigated,
whether in terms of etiology, prognosis, or prevention
research.1,2,28 Such granular, personalized data can inform
risk prediction and public health projections to translational
research and conversations with patients about individual
risk. Moreover, such approaches are needed to help future
research in long COVID-19.
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Table 3 | Observed and predicted excess deaths (due to COVID-19) by underlying conditions over 1 year of the pandemic in
individuals with prevalent chronic kidney disease (n [ 1,934,585)

COVID-19 deaths COPD Asthma
Heart
failure

Atrial
fibrillation

Diabetes
mellitus CVD Cancer

Dialysis/
transplantation

Total excess
death

(% predicted/
observed)

Observed 7890 6822 11,394 12,166 14,617 22,839 9979 2043 34,265 (100.0)
Predicted, using
assumed IR of 10%/
RR of 3.0 (% predicted/
observed)

7152 (90.6) 5251 (77) 10,758 (94.4) 11,706 (96.2) 11,114 (76.0) 20,014
(87.6)

9011 (90.3) 2539 (124.3) 28,746 (83.9)

Predicted, using
observed IR of 6.7%/
RR of 3.7 (% predicted/
observed)

5621 (71.2) 4126 (60.5) 8453 (74.2) 9199 (75.6) 8732 (59.7) 15,726
(68.9)

7081 (71.0) 1997 (97.7) 23,754 (69.3)

COVID-19 deaths

Underlying
conditions,

n
Aged £50

yr
Aged 50–60

yr
Aged 60–70

yr
Aged 70–80

yr
Aged >80

yr
Total excess death (% predicted/

observed)

Predicted, using
assumed IR of 10%/RR
of 3.0 (% total
predicted)

202 (0.7) 516 (1.8) 1506 (5.2) 5314 (18.5) 21,208 (73.8) 28,746 (83.9)

0 35 (0.1) 66 (0.2) 130 (0.5) 432 (1.5) 2252 (7.8) 2915 (8.5)
1 66 (0.2) 132 (0.5) 356 (1.2) 1332 (4.6) 6884 (23.9) 8770 (25.6)
2 67 (0.2) 178 (0.6) 546 (1.9) 1827 (6.4) 6992 (24.3) 9610 (28.0)

$3 34 (0.1) 140 (0.5) 474 (1.6) 1723 (6.0) 5080 (17.7) 7451 (21.7)
Observed (% total
observed)

133 (0.4) 543 (1.6) 1786 (5.2) 6109 (17.8) 25,694 (75.0) 34,265 (100.0)

0 26 (0.1) 64 (0.2) 153 (0.4) 577 (1.7) 2982 (8.7) 3802 (11.1)
1 43 (0.1) 184 (0.5) 458 (1.3) 1600 (4.7) 8205 (23.9) 10,490 (30.6)
2 45 (0.1) 176 (0.5) 653 (1.9) 1940 (5.7) 8326 (24.3) 11,140 (32.5)

$3 19 (0.1) 119 (0.3) 522 (1.5) 1992 (5.8) 6181 (18.0) 8833 (25.8)

COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; CVD, cardiovascular disease; IR, infection rate; RR, relative risk (of COVID-19 pandemic
compared with baseline).
Assumed IR/RR is based on Lancet 2020 model (Banerjee et al.15). Observed IR/RR was observed during pandemic in individuals with chronic kidney disease.
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Excess deaths have been the main metric to measure direct
and indirect COVID-19 impact, whether overall or in in-
dividuals with particular diseases.14,15 We present the first
analyses in individuals with CKD. These are projections over
1 year based on a published model15 and consistent with
current estimates of the UK’s COVID-19 deaths.26,27,30,31 The
variations in pre–COVID-19 and post–COVID-19 mortality
based on age, and underlying conditions, are consistent with
observed variation in mortality rates during the
pandemic.27,32 The greater prediction accuracy of our model
using assumed IR and RR values (10% and 3%, respectively),
compared with observed values (6.7% and 3.7%, respectively)
is likely to reflect underestimation of infection rate, even in
near-complete national data. Further validation of our pre-
diction model is required across different diseases, patterns of
multimorbidity, and countries. Our approach highlights the
feasibility of large-scale use of EHRs for pandemic prepared-
ness, even less contemporary, less complete data (e.g., CPRD
from 2014), and validity of our estimates of infection and
excess deaths. For example, our infection rate estimates in
nondialysis patients with prevalent CKD (14.4 [95% CI, 14.3–
14.5] per 10,000 person weeks) were comparable with a
recent meta-analysis (16 [95% CI, 4–33] per 10,000 person
weeks33).
6

Strengths and limitations
This is the largest study to date of individuals with CKD in
national EHRs to consider a wide range of comorbidities and
COVID-19 mortality, but it has several limitations. Labora-
tory testing was not available, and phenotyping was based on
SNOMED CT concepts with potential underestimation. We
used validated CALIBER phenotypes25 and methods,34 but
biases are possible.35 We only investigated impact of under-
lying conditions, or effect of SARS-CoV-2 infection by indi-
vidual comorbidities. Further studies should investigate
comorbidity clusters and progression of CKD and outcomes.
We were unable to study detailed ethnic categories because of
data quality in EHRs. Our model rests on baseline risks.
Underestimation or overestimation of excess deaths is
possible for some underlying conditions being differentially
affected by specific health policies (e.g., shielding) or by in-
direct effects of the pandemic (e.g., canceled procedures).

Implications for research and policy
There are 3 policy implications. First, our findings are
consistent with a “syndemic,” describing convergence of an
infectious disease, undertreated noncommunicable diseases,
and social determinants of health,36 requiring multidisci-
plinary, rather than traditional, disease- and specialty-specific
Kidney International (2022) -, -–-
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responses. Second, given high comorbidity burden, particu-
larly CVD and cancer, it is important to mitigate against in-
direct effects, likely to disproportionately affect people with
CKD.14 Third, routine data can provide patients, public, pro-
fessionals, and policy makers with tailored risk information
because mortality is highly variable based on age, sex, multi-
morbidity, and disease stage, which can inform prepandemic
and pandemic management, such as social isolation policies
and vaccination prioritization in individuals with CKD.

There are 3 research implications. First, clustering ap-
proaches may inform and clarify subtype classification, tra-
jectories, and risk prediction in CKD. Second, possible
mechanisms underlying observed differences in mortality by
age, comorbidities, ethnicity, stage of CKD, and other factors
need investigation. Third, pathophysiology of CKD as a risk
factor and an outcome in COVID-19 warrants further study,
informing etiology, prevention, and intervention research.

Conclusions
In conclusion, individuals with CKD have high burden of
multimorbidity and high risk of prepandemic mortality
across all stages of CKD and in prevalent and incident disease.
We showed that the direct burden of pandemic could be
predicted using prepandemic, large-scale EHR data. The
combined data for multimorbidity, CKD stage, and age could
help prioritize patients for vaccination and post–COVID-19
policies, and design of stratified pathways for CKD patients.
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