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Summary 
Background Analysis of the effect of COVID-19 on the complete hospital population in England has been lacking. 
Our aim was to provide a comprehensive account of all hospitalised patients with COVID-19 in England during the 
early phase of the pandemic and to identify the factors that influenced mortality as the pandemic evolved.

Methods This was a retrospective exploratory analysis using the Hospital Episode Statistics administrative dataset. 
All patients aged 18 years or older in England who completed a hospital stay (were discharged alive or died) between 
March 1 and May 31, 2020, and had a diagnosis of COVID-19 on admission or during their stay were included. In-hospital 
death was the primary outcome of interest. Multilevel logistic regression was used to model the relationship between 
death and several covariates: age, sex, deprivation (Index of Multiple Deprivation), ethnicity, frailty (Hospital Frailty Risk 
Score), presence of comorbidities (Charlson Comorbidity Index items), and date of discharge (whether alive or deceased).

Findings 91 541 adult patients with COVID-19 were discharged during the study period, among which 28 200 (30∙8%) 
in-hospital deaths occurred. The final multilevel logistic regression model accounted for age, deprivation score, and 
date of discharge as continuous variables, and sex, ethnicity, and Charlson Comorbidity Index items as categorical 
variables. In this model, significant predictors of in-hospital death included older age (modelled using restricted cubic 
splines), male sex (1·457 [1·408–1·509]), greater deprivation (1·002 [1·001–1·003]), Asian (1·211 [1·128–1·299]) or 
mixed ethnicity (1·317 [1·080–1·605]; vs White ethnicity), and most of the assessed comorbidities, including moderate 
or severe liver disease (5·433 [4·618–6·392]). Later date of discharge was associated with a lower odds of death (0·977 
[0·976–0·978]); adjusted in-hospital mortality improved significantly in a broadly linear fashion, from 52∙2% in the 
first week of March to 16∙8% in the last week of May.

Interpretation Reductions in the adjusted probability of in-hospital mortality for COVID-19 patients over time might 
reflect the impact of changes in hospital strategy and clinical processes. The reasons for the observed improvements 
in mortality should be thoroughly investigated to inform the response to future outbreaks. The higher mortality rate 
reported for certain ethnic minority groups in community-based studies compared with our hospital-based analysis 
might partly reflect differential infection rates in those at greatest risk, propensity to become severely ill once infected, 
and health-seeking behaviours.

Funding None.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction 
The COVID-19 pandemic has had an extraordinary 
impact on health-care systems globally. As of early 
February, 2021, more than 100 million people had been 
infected with SARS-CoV-2, with over 2·2 million 
COVID-19-related deaths reported worldwide.1

Internationally, large COVID-19 cohort studies have 
shown that older age and male sex are strong non-
modifiable risk factors that contribute to poor outcomes.2,3 
Furthermore, the presence of pre-existing comorbidities 
such as cardiovascular disease, hypertension, liver disease, 
diabetes, respiratory conditions, cancer, and severe obesity 
have been associated with a higher mortality risk.4–6

Analysis of patient primary care electronic health-
care records in England suggests that, in addition to the 
aforementioned risk factors, individuals of mixed, 

Asian, or Black ethnicity are at greater risk of 
COVID-19-related mortality than White ethnic groups.7 
Furthermore, this increased risk was only partly 
attributable to a greater burden of comorbidities and 
greater deprivation in these groups.7 The association of 
Black and Asian ethnicities with higher COVID-19 in-
hospital mortality rates is supported by other studies 
done in the UK.8,9 By contrast, a study from Louisiana, 
USA, suggested that, after adjusting for covariates—
including age, sex, Charlson Comorbidity Index score, 
residence in a low-income area, obesity, and indicators 
for baseline vital signs and laboratory measures —
hospitalised Black patients had no greater COVID-19 
mortality risk than that of White patients.10

Several studies have used hospital patient datasets to 
identify trends in clinical characteristics and outcomes 
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of patients with COVID-19 in selected cohorts, but few 
have used nationally representative datasets.11 Owing to 
the nature of health-care provision in many countries 
that have been severely affected by COVID-19, there is 
no single available repository of this information. 
Additionally, efforts to capture information directly 
from hospitals can be constrained by inconsistent 
reporting patterns, especially if individual hospitals are 
over whelmed by surges of patients.

The National Health Service (NHS) Hospital Episodes 
Statistics (HES) database is an administrative dataset 
that contains a wide range of details regarding all 
NHS-funded hospital admissions in England. The 
Getting It Right First Time (GIRFT) programme uses 
this resource to understand clinical activity in NHS 
hospitals and to help hospitals to improve performance. 
The aim of this study was to use HES data to gain insight 
into the course of the COVID-19 pandemic as experienced 
by hospitals in England, and specifically to understand 
the temporal trends and the roles of patient demographics 
and disease factors as determinants of in-hospital death.

Methods 
Study design and data collection 
This was a retrospective exploratory analysis of HES data. 
HES data are collected by NHS Digital for all NHS-funded 

patients admitted to hospitals in England. The data are 
collected primarily to allow NHS trusts (which run 
secondary and tertiary care hospitals in England) to be 
reimbursed for providing hospital care. Data are 
entered by trained coders in each trust and data collection 
is mandatory. The data were complete and final for 
the study period (March 1 to May 31, 2020) at the 
time of extraction and analysis during August and 
September, 2020. 

Consent from individuals involved in this study was 
not required, and ethical approval was not sought 
because the study did not directly involve human 
participants. The analysis and presentation of data 
follows current NHS Digital guidance for the use of HES 
data for research purposes and is anonymised to the level 
required by the ISB1523 anonymisation standard for 
publishing health and social care data.12 The study was 
completed in accordance with the Helsinki Declaration 
as revised in 2013.

Timing, case ascertainment, and inclusion and exclusion 
criteria 
We reviewed HES data for all completed episodes of 
hospital care that involved a diagnosis of COVID-19 in 
England with a discharge date between March 1 and 
May 31, 2020. The data collection period was defined in 

Research in context

Evidence before this study
We searched PubMed on Aug 10, 2020, for articles that 
documented risk factors for COVID-19-related in-hospital 
death, using the search terms “SARS-CoV-2” OR “COVID-19” 
AND “mortality” AND “hospital”. Of the 2393 papers identified, 
we found 244 publications that included original clinical data 
from patients admitted to hospital with COVID-19, primarily 
reported from China (35%) and the USA (22%). We identified 
15 studies from England (including studies covering the UK). 
However, no study based in England covered the entire hospital 
population nationally, and most studies reported incomplete 
data, with a large group of patients in the cohorts still 
hospitalised at the end of the study period.

Added value of this study
To our knowledge, this is the first study that presents data for 
all completed hospital episodes involving patients with a 
diagnosis of COVID-19 in any large region or whole country. 
The study includes data for 91 541 patients in 500 hospitals 
across 164 National Health Service trusts in England between 
March 1 and May 31, 2020. The profile of hospital patients with 
COVID-19 changed over time, with those discharged during 
March, 2020, being younger, more ethnically diverse, and more 
likely to be male than those discharged in May, 2020. After 
adjusting for covariates, the probability of in-hospital death 
declined significantly over time in a broadly linear fashion. 
In our hospitalised cohort, the effect of ethnicity and 

deprivation on mortality was modest compared with that in 
previous reports based on community-level data, with patients 
of Asian or mixed ethnicity, but not Black ethnicity, having a 
significantly increased risk of in-hospital death compared with 
White patients.

Implications of all the available evidence
This is one of very few studies that identifies the importance of 
temporal trends on mortality in the characteristics of hospital 
patients with COVID-19. Our findings on ethnicity and 
deprivation are consistent with previous hospital-based studies 
from the UK and elsewhere. Comparing hospital-based and 
community-based studies sheds some light on why disparities 
in COVID-19 mortality might be evident at a community level, 
with differences in infection rates in those most at risk, 
differences in propensity to become ill once infected, and 
differences in health-seeking behaviour likely to be key reasons 
for higher death rates in some ethnic groups. The reasons for 
higher in-hospital mortality in patients of Asian or mixed 
ethnicity should be investigated further. It is likely that public 
health strategy and hospital management of patients changed 
rapidly in the early stages of the COVID-19 pandemic in England 
and helped to significantly reduce in-hospital mortality in a 
short period. The mechanisms used to achieve this should be 
thoroughly investigated to ensure that lessons learned can be 
used to inform practice across all hospitals in England and 
internationally.
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terms of the discharge date rather than the admission date 
because our interest was in completed episodes of care in 
which the outcome (alive at discharge or died during 
hospital stay) was known. The term discharge is used here 
to refer to patients discharged alive and those discharged 
following death. Patients younger than 18 years were 
excluded. Cases of COVID-19 were identified using the 
International Classification of Diseases 10th edition 
(ICD-10) codes U071 and U072. U071 is assigned when the 
presence of COVID-19 has been confirmed by laboratory 
testing. U072 is assigned to a clinical or epidemiological 
diagnosis of COVID-19 in which laboratory confirmation 
is inconclusive or not available.

When a patient had multiple admissions during the 
study period, only the chronologically last admission was 
retained in order to ensure that all admissions were 
independent of one another at a patient level and to avoid 
biasing the mortality data, as it would be impossible for a 
patient to die during an admission that was not their 
final admission in the time period.

Outcome 
The primary outcome was in-hospital death as recorded 
by the Office for National Statistics (ONS). An in-hospital 
death was recorded if the date of death was the same as 
or within 1 day either side of the date of hospital discharge 
recorded in HES. Although rare, some dates of discharge 
can differ from dates of death if formal discharge was on 
the day following death or if the death or discharge was 
close to midnight. Recorded deaths were checked against 
two independent sources of COVID-19 mortality data in 
England: NHS England’s COVID-19 Patient Notification 
System (CPNS), which records daily deaths as close to 
the time that they occur as possible;13 and discharge data 
recorded directly in HES by clinical coders at each 
hospital. Deaths in HES were identified if either of two 
codes were used: discharge destination (code 79, patient 
died) and discharge method (code 4, patient died).

Covariates 
The following covariates were assessed: age, sex, 
ethnicity, deprivation, frailty, comorbidities, obesity, 
and temporal trends. Age was categorised as 
18–39 years, 40–49 years, 50–59 years, 60–69 years, 
70–79 years, and 80 years and older for exploratory 
analysis, and treated as continuous in the final 
multivariate model. Sex was categorised as male or 
female. Ethnicity was coded in broad categories to 
reflect those used by NHS Digital:7 White, mixed, Asian 
or Asian British, Black or Black British, other, or not 
stated. In a secondary analysis, the Asian or Asian 
British category was subdivided into South Asian 
(Bangladeshi, Indian, and Pakistani) and other Asian. 
Deprivation was recorded using the Index of Multiple 
Deprivation for the lower-layer super output area of the 
patient’s home address, with scores categorised into 
quintiles based on national averages.

Frailty was defined using Hospital Frailty Risk Score 
(HFRS) bands (none, mild, moderate, or severe).14 The 
HFRS uses ICD-10 codes over the previous 2 years to 
identify frailty and is calculated post-hoc. The HFRS was 
preferred over the Charlson Comorbidity Index as a global 
measure of frailty because it was deemed to cover a greater 
range of potential causes of frailty. 14 comorbidities were 
used to construct the Charlson Comorbidity Index: 
peripheral vascular disease, congestive heart failure, acute 
myocardial infarction, cerebrovascular disease, dementia, 
chronic pulmonary disease, connective tissue disease or 
rheumatic disease, peptic ulcer, liver disease (mild and 
moderate or severe), diabetes (with and without chronic 
complications), paraplegia or hemiplegia, renal disease, 
cancer (primary and metastatic), and HIV/AIDS.15 
A comorbidity was deemed to be present if it was recorded 
in HES as a secondary diagnosis in the index admission or 
as a primary or secondary diagnosis in any admission 
during the previous year, in accordance with the 
recommendations of Quan and colleagues.16 Obesity was 
recorded as present if the ICD-10 code E66 was used as a 
diagnostic code during the admission.

Temporal trends were categorised into day, week, or 
fortnight of discharge (starting from March 1, 2020) 
depending on the analysis. Fortnightly categorisation 
was used to avoid over-fitting during exploratory model 
building and for ease of interpretation of tabulated data. 
For the weekly categorisation, the first 2 weeks were 
combined because of the smaller number of discharges 
in these weeks and the last 2 weeks were combined 
because the final week (week 14) contained only 1 day 
(May 31). Daily data were used for the final multivariable 
model.

Data management and statistical analysis 
Data were extracted onto a secure encrypted server 
controlled by NHS England and NHS Improvement. 
Analysis within this secure environment was done with 
standard statistical software: Microsoft Excel 2019, 
Stata 13, and Alteryx 2020.4.

In descriptive analysis, data were categorised as 
detailed above and summarised as frequency and 
percentage. Length of stay was non-normally distributed, 
with a right-skew, and summarised as median and IQR.

As an initial inferential exploration of the relation ship 
between death and the covariates, a series of four multilevel 
(mixed-effects) logistic regression models were constructed 
with use of the melogit command in Stata. For ease of 
interpretation, all variables were categorised for this 
analysis. Two-level intercept-only models were constructed, 
allowing adjustment for clustering of patients within NHS 
hospital trusts.

This exploratory analysis then informed a model that 
considered age, day of discharge, and deprivation score 
as continuous variables, modelled using restricted cubic 
splines where non-linearity was evident. Linearity was 
identified where only the first linear spline was 
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significant. Only age was found to be non-linear and 
three knots were placed at equally spaced percentiles of 
the data and the optimal number of knots assessed using 
the Akaike Information Criterion (AIC). The relationship 
between age and the estimated probability of death was 
plotted using the adjustrcspline command. The marginal 
relationship between date of discharge and the probability 
of death was modelled using the margins command with 
fixed effects only.

A logistic model was preferred to a proportional 
hazards survival model as it was felt that the short length 
of stay, the potential for time from symptom onset to 
presentation to vary systematically with some of the 
covariates under consideration, differences in admission 
criteria and discharge practice between trusts, and the 
unsuitability of discharge date as a censoring point 
would mean that a survival model would add little in 
terms of model fit, be less robust, and might complicate 
interpretation.

Missing data were uncommon. Only ethnicity had a 
substantial number of missing values in cases in which 
patients were unwilling to state their ethnicity. No attempt 
was made to impute missing values. Where data were 
missing, the numbers involved are stated. The models 
were summarised in terms of odds ratios (ORs) and 
95% CIs. An OR with a 95% CI not crossing 1 indicates 
statistical significance. For covariates modelled linearly, 
the OR represents the change in the odds of the outcome 
for a one unit change in the covariate.

Sensitivity analysis was done to assess the effect of 
including only patients for whom COVID-19 was 

confirmed by a test (ICD-10 code U071) and counting 
only deaths for which COVID-19 was the primary cause 
of death identified by the ONS (U071 and U072).

Role of the funding source 
This research received no specific grant from any 
funding agency in the public, commercial, or not-for-
profit sectors. All authors had full access to all the data in 
the study and accept responsibility to submit for 
publication.

Results 
The data extraction process (figure 1) yielded a dataset of 
91 541 unique patients across 500 hospitals within 
164 NHS trusts who had a diagnosis of COVID-19 either 
on admission or during their stay. 74 660 (81∙6%) had 
COVID-19 confirmed by a test. There were 28 200 (30∙8%) 
in-hospital deaths. Of the 26 240 in-hospital deaths with a 
cause listed, the cause of death involved COVID-19 in 
23 153 (88∙2%) patients. The number of deaths recorded 
was slightly higher than that reported by CPNS, through 
which 27 128 deaths were recorded, but was very similar 
to that recorded directly in HES using discharge 
destination and method codes (n=28 089).

The demographic, socioeconomic, and clinical 
characteristics of the dataset are summarised in table 1 
together with the number of in-hospital deaths. The 
number of admissions increased substantially with age 
and deprivation, and was higher for men than for 
women. The ratio of White:Asian:Black patients was 
13∙0:1∙4:1∙0 in our study, compared with a ratio of 26:2:1 
for the population of England and Wales at the 2011 
census.17 The most common comorbidities in the 
study were diabetes (25 382 [27∙7%] patients), chronic 
pulmonary disease (23 719 [25∙9%]), renal disease 
(16 713 [18∙3%]), dementia (14 019 [15∙3%]), and 
congestive heart failure (12 706 [13∙9%]).

Crude in-hospital death rates (table 1) increased 
substantially with age and frailty, were higher in men 
than in women, and higher in the White ethnic group 
compared with other ethnic groups. There was no clear 
trend across deprivation quintiles. The comorbidities 
with the highest death rates as a proportion of cases were 
moderate or severe liver disease, congestive heart failure, 
dementia, and renal disease, although most of the 
listed comorbidities when present conferred a higher 
unadjusted death rate than in the wider study population 
(with mild liver disease, HIV/AIDS, and obesity being 
exceptions). 

Fortnightly trends in the demographic, socioeconomic, 
and frailty profiles of the study population are shown 
table 2. Over the study period, older age bands comprised 
an increasing proportion of discharges (whether alive or 
deceased): comparing the first fortnight (March 1–14) 
with the last one (May 24–31), the proportion of patients 
who were in the older two age bands (aged ≥70 years) 
more than doubled. This trend was mirrored in the frailty 

Figure 1: Data extraction process

107 255 hospital admissions with a COVID-19 diagnosis on admission or 
 during the hospital stay up to May 31, 2020

100 769 patients with hospital stay completed (patient discharged alive or 
 after death) between March 1 and May 31, 2020

99 054 aged 18 years or older with hospital stay completed between March 1 
 and May 31, 2020

91 541 unique patients with hospital stay involving COVID-19 diagnosis
 28 200 died in hospital
 63 341 discharged alive

6486 excluded
 54 discharged before March 1, 2020
 6432 not discharged by May 31, 2020

7513 excluded (earlier hospital admission for
 the same person)

1715 excluded (age <18 years)
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profile of patients. The proportion of admitted patients 
who were female also increased over time, but there was 
no obvious temporal trend in deprivation. An increasing 
proportion of patients of White ethnicity was observed 
over time, with the proportions of Black patients and 
other ethnic groups more than halving.

The unadjusted numbers of discharges and associated 
death rates per week are summarised in the appendix 
(p 3). The number of weekly discharges peaked at 
15 839 in week 6 (April 5–11) and the death rate peaked at 
38∙2% in week 5 (March 29–April 4) before declining to 
an average of 22∙2% in the last 3 full weeks of data 
(May 10–31).

Data on length of stay over the study period are shown 
in the appendix (p 4). In those who died in hospital and 
those who survived to discharge, median length of stay 
increased steadily across the study period (March 1–14 to 
May 24–31), from 2 (IQR 0–5) to 10 (4–22) days in those 
who survived to discharge and from 4∙5 (3–10) to 
11 (5–20) days in those who died during their hospital 
stay. Across the whole study period, the median length of 
stay was 7 days (IQR 3–14).

After stratifying the unadjusted mortality by age and sex 
(figure 2), the relatively low mortality in early March 
(appendix p 3) is much less apparent. In men and women, 
the week-on-week improvement in mortality was most 
obvious in the oldest two age bands, with mortality in 
patients aged 80 years and older more than halving.

To further investigate the relationship between 
demographic, socioeconomic, and clinical character istics 
and in-hospital death, a series of four exploratory, 
multilevel, logistic regression models were constructed 
with each variable categorised (appendix p 1). In all four 
models, there was a significant and consistent trend 
towards greater odds of death at older age, although the 
effect was attenuated by the inclusion of frailty (model 3) 
or comorbidities (model 4) as predictor variables. Male 
sex, greater deprivation, and Asian and mixed ethnicities 
were also associated with significantly greater odds of 
death in all four models, and the effect was largely 
unaffected by the addition of fortnight of discharge, 
frailty, or comorbidity variables to the models. Frailty and 
all comorbidities investigated, except mild liver disease 
and peptic ulcer, were significant predictors of in-hospital 

Patients In-hospital deaths

Age, years

18–39 6984 204 (2·9%)

40–49 7172 514 (7·2%)

50–59 12 157 1725 (14·2%)

60–69 13 866 3549 (25·6%)

70–79 19 466 7287 (37·4%)

≥80 31 896 14 921 (46·8%)

Sex

Male 50 668 17 093 (33·7%)

Female 40 697 11 059 (27·2%)

Missing data 176 48 (27·3%)

Deprivation quintile

1 (most deprived) 22 956 6784 (29·6%)

2 20 180 6166 (30·6%)

3 17 158 5501 (32·1%)

4 15 441 4963 (32·1%)

5 (least deprived) 13 938 4392 (31·5%)

Missing 1868 394 (21·1%)

Ethnicity

White 64 615 21 351 (33·0%)

Asian or Asian British 7117 1802 (25·3%)

Black or Black British 4983 1266 (25·4%)

Mixed 746 165 (22·1%)

Other ethnic groups 3291 689 (20·9%)

Missing data 10 789 2933 (27·2%)

Hospital Frailty Risk Score

None 34 658 4244 (12·2%)

Mild 7213 2055 (28·5%)

Moderate 21 137 8955 (42·4%)

Severe 28 533 12 946 (45·4%)

(Table 1 continues in next column)

Patients In-hospital deaths

(Continued from previous column) 

Charlson Comorbidity Index items*

Peripheral vascular disease 4609 2053 (44·5%)

Congestive heart failure 12 706 6319 (49·7%)

Acute myocardial infarction 8152 3542 (43·4%)

Cerebrovascular disease 8262 3538 (42·8%)

Dementia 14 019 6765 (48·3%)

Chronic pulmonary disease 23 719 8088 (34·1%)

Connective tissue disease or 
rheumatic disease

2698 989 (36·7%)

Peptic ulcer 572 203 (35·5%)

Liver disease 3720 1206 (32·4%)

Mild liver disease 2808 709 (25·2%)

Moderate or severe liver 
disease

912 497 (54·5%)

Diabetes 25 382 9376 (36·9%)

Diabetes without chronic 
complications

22 687 8317 (36·7%)

Diabetes with chronic 
complications

2695 1059 (39·3%)

Paraplegia and hemiplegia 2160 875 (40·5%)

Renal disease 16 713 7691 (46·0%)

Cancer 7820 3442 (44·0%)

Primary cancer 5201 2356 (45·3%)

Metastatic carcinoma 2619 1086 (41·5%)

HIV/AIDS 149 26 (17·4%)

Obesity 7920 2155 (27·2%)

Data are n or n (%) of patients in that category. *Only those with each disease are 
listed; there were no missing data; individual patients can appear in multiple 
disease categories.

Table 1: Demographic, socioeconomic, and clinical profile of patients 
(n=91 541) and in-hospital deaths (n=28 200) 

See Online for appendix
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death. Moderate or severe liver disease had a particularly 
high OR (5·345 [95% CI 4·542–6·289]).

The model accounting for age, sex, fortnight of discharge, 
deprivation, ethnicity, and Charlson Comorbidity Index 
items (model 4) had the lowest AIC value and this model 
was taken forward, with age, deprivation score, and day of 
discharge treated as continuous rather than categorical 
variables. The relationships of the covariates with in-
hospital death in this model were very similar to those 
found during exploratory model building: male sex, greater 
deprivation, most comorbidities, and mixed ethnicity 
(vs White) were associated with significantly greater odds 
of death (table 3; appendix p 5). Asian ethnicity was also 
associated with greater odds of death, although this 
differed between South Asian ethnicity (OR 1∙246 [95% CI 
1∙152–1∙348]; n=5117) and other Asian ethnicity (1∙108 
[0∙973–1∙262]); n=2000). Age had a shallow sigmoid 
relationship with death rate, with odds of death increasing 
with older age (figure 3). Later date of discharge was 
associated with lower odds of in-hospital mortality, with 
the adjusted probability falling from an average of 

52∙2% during the first 7 days of data collection to an 
average of 16∙8% during the last 7 days of data collection.

In sensitivity analyses, we also analysed deaths over time 
in which COVID-19 was the primary cause (as opposed to 
all deaths; appendix p 3), as well as discharges and deaths 
for patients with test-confirmed COVID-19 over time (as 
opposed to all discharges and deaths; appendix p 6). In 
addition, we assessed predictors of in-hospital death (based 
on the final multilevel logistic regression model) among 
patients with test-confirmed COVID-19 only (appendix p 2). 
All comparisons showed very similar trends and assoc-
iations to those seen in the main analyses.

Discussion 
To the best of our knowledge, this is the most complete 
analysis of COVID-19-related hospital activity in any 
large region or whole country to date. We used an 
administrative dataset to describe the characteristics of 
all people in hospital in England with a diagnosis of 
COVID-19 during the 3 months with greatest hospital 
activity in the early phase of the pandemic.

March 1–14 March 15–28 March 29–April 11 April 12–25 April 26–May 9 May 10–23 May 24–31

Age, years n=291 n=6296 n=26 884 n=25 215 n=17 111 n=11 485 n=4259

18–39 77 (26·5%) 843 (13·4%) 2098 (7·8%) 1488 (5·9%) 1267 (7·4%) 900 (7·8%) 311 (7·3%)

40–49 40 (13·7%) 610 (9·7%) 2323 (8·6%) 1916 (7·6%) 1245 (7·3%) 738 (6·4%) 300 (7·0%)

50–59 45 (15·5%) 914 (14·5%) 3920 (14·6%) 3476 (13·8%) 2038 (11·9%) 1294 (11·3%) 470 (11·0%)

60–69 38 (13·1%) 913 (14·5%) 4324 (16·1%) 3956 (15·7%) 2430 (14·2%) 1634 (14·2%) 571 (13·4%)

70–79 40 (13·7%) 1241 (19·7%) 5876 (21·9%) 5343 (21·2%) 3679 (21·5%) 2411 (21·0%) 876 (20·6%)

≥80 51 (17·5%) 1775 (28·2%) 8343 (31·0%) 9036 (35·8%) 6452 (37·7%) 4508 (39·3%) 1731 (40·6%)

Sex* n=291 n=6294 n=26 857 n=25 161 n=17 050 n=11 460 n=4252

Male 171 (58·8%) 3539 (56·2%) 15 661 (58·3%) 14 137 (56·2%) 9060 (53·1%) 5885 (51·4%) 2215 (52·1%)

Female 120 (41·2%) 2755 (43·8%) 11 196 (41·7%) 11 024 (43·8%) 7990 (46·9%) 5575 (48·6%) 2037 (47·9%)

Deprivation quintile* n=283 n=6117 n=26 288 n=24 766 n=16 783 n=11 253 n=4183

1 (most deprived) 59 (20·8%) 1502 (24·6%) 6786 (25·8%) 6459 (26·1%) 4246 (25·3%) 2810 (25·0%) 1094 (26·2%)

2 58 (20·5%) 1420 (23·2%) 6073 (23·1%) 5590 (22·6%) 3699 (22·0%) 2456 (21·8%) 884 (21·1%)

3 59 (20·8%) 1181 (19·3%) 4841 (18·4%) 4836 (19·5%) 3248 (19·4%) 2208 (19·6%) 785 (18·8%)

4 42 (14·8%) 1046 (17·1%) 4435 (16·9%) 4216 (17·0%) 2915 (17·4%) 2019 (17·9%) 768 (18·4%)

5 (least deprived) 65 (23·0%) 968 (15·8%) 4153 (15·8%) 3665 (14·8%) 2675 (15·9%) 1760 (15·6%) 652 (15·6%)

Ethnicity* n=230 n=5487 n=23 605 n=22 139 n=15 186 n=10 304 n=3801

White 166 (72·2%) 3890 (70·9%) 17 713 (75·0%) 17 804 (80·4%) 12 820 (84·4%) 8916 (86·5%) 3306 (87·0%)

Asian or Asian 
British

25 (10·9%) 641 (11·7%) 2562 (10·9%) 1907 (8·6%) 1068 (7·0%) 673 (6·5%) 241 (6·3%)

Black or Black 
British

19 (8·3%) 591 (10·8%) 1942 (8·2%) 1328 (6·0%) 636 (4·2%) 344 (3·3%) 123 (3·2%)

Mixed 2 (0·9%) 56 (1·0%) 234 (1·0%) 198 (0·9%) 149 (1·0%) 80 (0·8%) 27 (0·7%)

Other ethnic groups 18 (7·8%) 309 (5·6%) 1154 (4·9%) 902 (4·1%) 513 (3·4%) 291 (2·8%) 104 (2·7%)

Hospital Frailty Risk 
Score

n=291 n=6296 n=26 884 n=25 215 n=17 111 n=11 485 n=4259

None 188 (64·6%) 2964 (47·1%) 11 136 (41·4%) 9203 (36·5%) 5921 (34·6%) 3862 (33·6%) 1384 (32·5%)

Mild 17 (5·8%) 676 (10·7%) 2869 (10·7%) 1873 (7·4%) 972 (5·7%) 583 (5·1%) 223 (5·2%)

Moderate 45 (15·5%) 1391 (22·1%) 6388 (23·8%) 6107 (24·2%) 3816 (22·3%) 2441 (21·3%) 949 (22·3%)

Severe 41 (14·1%) 1265 (20·1%) 6491 (24·1%) 8032 (31·9%) 6402 (37·4%) 4599 (40·0%) 1703 (40·0%)

Data are n (%). *Missing data: sex 176; deprivation quintile 1868; ethnicity 10 789.

Table 2: Patient demographic, socioeconomic, and frailty profiles by fortnight throughout the study period
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One of the main findings of our study was that, after 
adjusting for demographics, socioeconomic factors, 
and comorbidity, the probability of in-hospital death fell 
by more than half over the 3 month period in a broadly 
linear fashion. Therefore, our study does not provide 
evidence that high death rates early in the pandemic 
were caused by increasing overall COVID-19 patient 
numbers straining services, since adjusted in-hospital 
death rates were falling as case numbers were 
increasing in the first half of April, 2020. The fall in 
mortality was most apparent in older age groups. 
Temporal effects on in-hospital death rates during the 
COVID-19 pandemic have received little attention. 
However, the trend towards reduced morality rates over 
time has been shown in a cohort of patients with 
COVID-19 in critical care in England.18 The Intensive 
Care National Audit and Research Centre (ICNARC) 
collects and analyses case-mix and outcome data for 
individual patients for all adult general intensive care 
units, as well as other critical care units, in England, 
Wales, and Northern Ireland. They found that, after 
adjusting for patient characteristics, 28-day COVID-19-
related mortality decreased from 43∙5% in the pre-peak 
period (before March 29, 2020) to 34∙3% in the post-
peak period (April 16 to May 21, 2020).

Mutations in SARS-CoV-219 and changes in host 
human leukocyte antigen susceptibility20 over time 
might have affected the clinical presentation, and 
subsequent risk of death, of COVID-19 cases. However, 
it seems likely that non-patient-related factors will have 
been key drivers for the observed trend.4 Such factors 
are likely to include increased individual hospital strain 
due to COVID-19 patient surges early in the pandemic, 
and changes in hospital practice with regard to 
admission and treatment decisions as new knowledge 
became available. Increasing length of stay over time 
provides some evidence to support both these 
postulations.

From March through to May, the proportions of older, 
frail, female, and White patients increased steadily. 
These demographic changes in case-mix with time are 
likely to be driven, to an extent, by the profile of those 
infected in the community, with people of working age 
and from minority ethnic backgrounds more likely to be 
infected in the early stages of the pandemic, before the 
full UK lockdown on March 23.21 High infection rates 
early in the pandemic in demographically younger and 
more ethnically diverse areas, such as London, will have 
played a part. As infections spread out geographically 
and lockdown measures started to have an effect, the 
demographic profile of hospital patients with COVID-19 
appears to have shifted.

It has been postulated that there might be an increased 
risk of infectivity in minority ethnic groups because of 
their over-representation in frontline occupations and 
higher incidences of multigenerational households.22–24 
Differences in access to health care has been proposed as 

an explanation for higher COVID-19 mortality seen 
in some ethnic groups in the USA25 and Brazil.26 
Additionally, public health messaging regarding 
prevention, early diagnosis, and treatment of COVID-19 
might have been less effective in certain ethnic minority 
groups, leading to later presentation.24

In our hospital-based study, patients of Black and White 
ethnicities had similar odds of death, and South Asian 
patients a significantly higher odds of death than White 
patients. Other hospital-based studies from the USA and 
UK support these findings.10,27,28 A UK study that followed 
hospital patients until late May noted that South Asian 
patients had a modestly, but significantly, increased risk 
of death (hazard ratio 1·19 [95% CI 1·05–1·36]) relative to 
White patients—very similar to our findings.27 By contrast, 
studies of community-based cohorts tend to report 
significantly higher mortality for patients of Black 
ethnicity and greater effects of Asian or mixed ethnicities 
on mortality than we report.7–9,29 The OpenSAFELY group 
reported hazard ratios (relative to the White ethnic group) 
for COVID-19-related mortality of 1∙48 (95% CI 
1∙29–1∙69) for Black ethnic groups, 1∙45 (1∙32–1∙58) for 
South Asian groups, and 1∙43 (1∙11–1∙84) for mixed 
ethnic groups.7

However, community-based and hospital-based studies 
provide different insights. Hospital-based studies look at 
the risk of death for those who are most severely ill 
and attend (and are admitted to) hospital. For this 
denominator population, increased mortality is due to 

Figure 2: Weekly mortality by age between March 1 and May 31, 2020
Data are presented separately for men (A) and women (B).

0

M
or

ta
lit

y 
(%

)

100

60
70
80
90

50
40
30
20
10

A Men

18–39 years
40–49 years
50–59 years
60–69 years
70–79 years
≥80 years

March
 1–14

March
 15–21

March
 22–28

March
 29–A

pril 
4

April 
5–11

April 
12–18

April 
19–25

April 
26–M

ay 2

May 3–9

May 10–16

May 17–23

May 24–31
0

M
or

ta
lit

y 
(%

)
100

60
70
80
90

50
40
30
20
10

B Women



Articles

404 www.thelancet.com/respiratory   Vol 9   April 2021

factors not adjusted for by the model used (eg, genetics, 
illness severity on admission, comorbidity not accounted 
for in modelling, hospital admission, and treatment 
protocols at the time of admission). In community-based 
studies, differences in infection rates in those most at 
risk will be a key driver for the death rate in an ethnic 
group, with propensity to become severely ill once 
infected and health-seeking behaviours acting as 
potentially mediating factors. Comparing the findings 
from both types of study provides additional insight and 
suggests that such factors might be responsible for the 
differences reported. Access to services for some ethnic 
groups could also be an issue. A recent case-control study 

for patients admitted to two hospitals in London was able 
to look at differences in outcomes for community 
dwellers and hospital patients, with patients of Black and 
mixed (but not Asian) ethnicities having higher hospital 
admission rates than community-dwelling controls, but 
Asian patients having a higher mortality if admitted.28

Although greater deprivation was significantly associated 
with higher mortality in our study, this association 
was modest and much weaker than that described in 
community-based cohort studies in England.7 Age-
standardised comparisons using ONS data for England 
and Wales between March 1 and June 30, 2020, found a 
two-fold difference in COVID-19-related mortality between 
the most deprived areas (139∙6 deaths per 100 000 people) 
and the least deprived areas (63∙4 deaths per 100 000).29 
A similar argument to that used above for ethnicity can be 
applied to explain these contrasting findings.

Of the comorbidities considered, moderate or severe 
liver disease, metastatic carcinoma, and congestive heart 
failure had particularly large ORs. Increased risk of death 
has been reported previously for hospitalised patients in 
the UK with COVID-19 and cardiac, pulmonary, or 
renal diseases, as well as obesity, cancer, or dementia.30 
Cardiovascular disease, diabetes, malignancy, and 
respiratory disease have been reported as risk factors for 
higher COVID-19 death rates internationally,31 and in 
China,32 the USA,33 and Italy.4

HES data provide a complete record of all COVID-19-
related hospital activity in England. As such, this dataset 
represents a record of the pandemic as experienced by 
hospitals in England during this time. Furthermore, the 
3-month study period allowed us to look at temporal 
trends in hospital admissions and mortality. By including 
all patients hospitalised in England, the risk of collider 
bias through selective patient inclusion criteria is 
minimised in our study compared with other hospital-
based studies.34 However, we emphasise that our findings 
should not be directly extrapolated beyond the hospital 
setting. Comparison of our findings with community-
based studies should only be done where differences in 
the denominator population are acknowledged.

OR (95% CI)

Sex

Female 1 (reference)

Male 1·457 (1·408–1·509)*

Deprivation score 1·002 (1·001–1·003)*

Ethnicity

White 1 (reference)

Asian 1·211 (1·128–1·299)*

Black 1·015 (0·935–1·103)

Mixed 1·317 (1·080–1·605)*

Other 0·989 (0·893–1·096)

Date of discharge (alive or deceased) 0·977 (0·976–0·978)*

Charlson Comorbidity Index items†

Peripheral vascular disease 1·227 (1·146–1·315)*

Congestive heart failure 1·606 (1·535–1·681)*

Acute myocardial infarction 1·073 (1·016–1·132)*

Cerebrovascular disease 1·176 (1·110–1·245)*

Dementia 1·496 (1·431–1·565)*

Chronic pulmonary disease 1·089 (1·049–1·130)*

Connective tissue disease or rheumatic disease 1·242 (1·134–1·360)*

Peptic ulcer 1·056 (0·865–1·289)

Mild liver disease 1·017 (0·917–1·127)

Moderate or severe liver disease 5·433 (4·618–6·392)*

Diabetes without chronic complications 1·159 (1·115–1·204)*

Diabetes with chronic complicaions 1·295 (1·179–1·422)*

Paraplegia and hemiplegia 1·154 (1·093–1·219)*

Renal disease 1·158 (1·134–1·182)*

Primary cancer 1·542 (1·445–1·646)*

Metastatic carcinoma 2·053 (1·870–2·255)*

Obesity 1·476 (1·383–1·575)*

Models are based on data for 79 124 patients with no missing data. Age is 
modelled in years using restricted cubic splines and so the model output cannot 
be summarised as an OR.  The relationship between age and in-hospital mortality 
is depicted graphically in figure 3.  Deprivation was modelled from the Index of 
Multiple Deprivation score as a linear term, and date of discharge in days as a 
linear term. A stable OR for the comorbidity HIV/AIDS could not be calculated due 
to small numbers. OR=odds ratio. *95% CI indicates a significant difference 
compared with the reference category. †The reference category is patients 
without the specified comorbidity; for items relating to liver disease, diabetes, or 
cancer, three mutually exclusive categories (including the reference category) 
were used. 

Table 3: Multilevel logistic regression model of variables, modelled as 
linear or categorical, predicting in-hospital mortality 

Figure 3: Estimated probability of in-hospital mortality by age 
Estimates are adjusted for sex, deprivation, ethnicity, date of discharge, and 
comorbidities. The shaded area represents the 95% CI.
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There are inherent limitations in using HES data 
because of the reliance on hospitals completing 
administrative information accurately. Some inconsist-
encies in data entry have been noted for specific 
procedures, mostly with regard to differences in coding 
practice across trusts. Although HES data are entered 
by trained coders who are independent of clinicians, 
they rely on patients’ notes for information and only if 
this is recorded accurately will HES data be reliable. 
Furthermore, HES does not capture detailed data on 
admission criteria within each trust, and thresholds for 
admission and treatment escalation are likely to vary 
across trusts. Nevertheless, by including trust as a 
random variable in our models, we have adjusted for 
clustering of deaths. HES provides only limited clinical 
information and no record of how acutely unwell a 
patient was during their stay. Comorbidities (including 
obesity) will be under-reported in HES because they are 
recorded only if relevant to a specific hospital 
admission. As such, they will capture only cases of 
severe or relevant comorbidity. Some conditions (eg, 
hypertension) are not well recorded in HES, and body-
mass index data are not collected. Such factors could 
influence the risk of in-hospital death reported for 
certain groups of patients.

In capturing all activity for patients diagnosed with 
COVID-19, we will have picked up some admissions in 
which COVID-19 was not the reason for admission, a 
major complication during the stay, or a factor in a death. 
This limitation would be more of a problem later in our 
data collection period, in which subsequent admissions 
unrelated to COVID-19 might still contain the code for 
COVID-19. Use of the two ICD-10 codes by coders could 
also have changed over time, and testing capacity was 
lower early in the pandemic. However, our analysis of ONS 
cause-of-death data, and triangulation of our death data 
with that reported by CPNS, suggests that our data align 
closely with other available sources and are not a 
substantial over-estimate. Our decision to include all 
recorded COVID-19-related hospitalisations and deaths 
ensured that our data are as complete a record of the 
pandemic as possible. Our study includes all in-hospital 
COVID-19-related deaths and as such does not consider 
deaths that occurred in the community or after discharge. 
By excluding patients still in hospital at the end of the 
study period, some activity has been missed, although the 
numbers involved are quite small (figure 1). Finally, we 
acknowledge that some data were missing in our dataset, 
particularly for ethnicity. However, the extent of missing 
data was modest compared with that of other available data 
sources.

Our data shed light on the nature of the relationship 
between several covariates and risk of COVID-19-related 
death. The relationships of male sex and greater age 
with the probability of death are broadly consistent 
with previous research. Comparing our findings to 
community-based studies provides further insight into 

the role of ethnicity and deprivation in predicting 
outcomes from COVID-19.

Temporal analysis in this study showed a large 
reduction in mortality with time. The reasons for this 
reduction should be further investigated. Learning 
from individual hospitals with the greatest levels of 
improvement, or consistently good performance 
throughout, could help to support others to improve. 
Further examination of these temporal trends—with 
consideration of changes in public health strategy, central 
directives from arm’s-length bodies, alterations in clinical 
processes, and availability of local health-care resources—
will be vital to inform preparations and adjustments for 
ongoing and future case surges.
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