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associated with COVID-19 mortality as compared to mortality from causes other than COVID-19.

Methods: Working on behalf of NHS England, we carried out a cohort study within the OpenSAFELY platform.
Primary care data from England were linked to national death registrations. We included all adults (aged
>18 years) in the database on 1% February 2020 and with >1 year of continuous prior registration; the cut-

Eg{l"lv;i?; off date for deaths was 9™ November 2020. Associations between individual-level characteristics and
Mortality COVID-19 and non-COVID deaths, classified according to the presence of a COVID-19 code as the underlying

Epidemiology cause of death on the death certificate, were estimated by fitting age- and sex-adjusted logistic models for
these two outcomes.
Findings: 17,456,515 individuals were included. 17,063 died from COVID-19 and 134,316 from other
causes. Most factors associated with COVID-19 death were similarly associated with non-COVID death,
but the magnitudes of association differed. Older age was more strongly associated with COVID-19
death than non-COVID death (e.g. ORs 40.7 [95% CI 37.7-43.8] and 29.6 [28.9-30.3] respectively for
>80 vs 50-59 years), as was male seX, deprivation, obesity, and some comorbidities. Smoking, history
of cancer and chronic liver disease had stronger associations with non-COVID than COVID-19 death. All
non-white ethnic groups had higher odds than white of COVID-19 death (OR for Black: 2.20 [1.96-
2.47], South Asian: 2.33 [2.16-2.52]), but lower odds than white of non-COVID death (Black: 0.88
[0.83-0.94], South Asian: 0.78 [0.75-0.81]).
Interpretation: Similar associations of most individual-level factors with COVID-19 and non-COVID death sug-
gest that COVID-19 largely multiplies existing risks faced by patients, with some notable exceptions. Identify-
ing the unique factors contributing to the excess COVID-19 mortality risk among non-white groups is a
priority to inform efforts to reduce deaths from COVID-19.
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Research in context

Evidence before this study

A range of demographic and clinical risk factors for COVID-19
death were established in the first few months of the pandemic
but little evidence is available on whether such factors have
similar associations with COVID-19 death and non-COVID-19
death.

Added value of this study

We used data from a large database linking richly detailed pri-
mary care records and death registrations for 40% of the popu-
lation of England. We conducted analyses comparing factors
associated with COVID-19 and non-COVID deaths to generate
unique insights into the extent to which risk factors for COVID-
19 death mirror broader risk factors for death. We carried out a
range of sensitivity analyses to ensure that our findings were
robust.

Implications of all the available evidence

COVID-19 appears to largely act as if multiplying existing risks
faced by patients. Public health decisions requiring prioritisa-
tion of vulnerable subgroups can therefore be informed by our
knowledge of pre-pandemic mortality risks based on estab-
lished risk factors. However there were some key exceptions;
notably, higher risks of COVID-19 death for non-white ethnic
groups were in contrast to lower risks of non-COVID deaths in
these groups. Improved understanding of the unique drivers of
COVID-19 mortality in non-white groups should be a research
priority.

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has infected tens of millions of people worldwide, causing substantial
mortality [1]. Numerous factors have emerged as being associated
with a higher risk of severe outcomes and death from COVID-19 [2].
Mortality appears to rise exponentially with increasing age. Male sex,
obesity, socioeconomic deprivation, and a number of comorbidities
are also associated with higher risk. [3,4] Substantial variation in
mortality by ethnicity has also been observed in several studies, with
evidence from both the UK and US suggesting worse COVID-related
outcomes among minority ethnic groups, compared with the major-
ity White populations. [5-7] However, little evidence is available on
how the factors associated with COVID-19 mortality compare with
the factors associated with mortality from other causes, and hence
the extent to which a person's risk of dying from COVID-19 is likely
to be governed by their broader mortality risk. We know that increas-
ing age is the major risk factor for all-cause mortality. It is possible
that COVID-19 simply multiplies everyone's risk of death by a con-
stant factor, or it could be that some factors have a different effect on
COVID-19 deaths specifically. A better understanding of this would
help inform strategies to identify and protect those most at risk of
poor outcomes during the pandemic.

A previous analysis of death registration data in England and
Wales showed exponential relationships between adult age and both
rates of COVID-19 death (between March and June 2020), and pre-
pandemic rates of all-cause mortality derived from life tables, with a
slightly steeper age-mortality association for COVID-19 death [8]. A
study using UK Biobank data found that both modifiable and non-

modifiable risk factors for COVID-19 infection were somewhat stron-
ger than for other infections, but did not assess severity of disease or
mortality [9]. A further study using UK Biobank data from before the
current pandemic examined how demographic characteristics and
non-communicable disease comorbidities were associated with
deaths from infections versus other causes; the authors observed
broadly similar patterns of risk for the two outcomes, though the
magnitude of associations differed [10]. However, it is unclear to
what extent findings from pre-pandemic infection-related deaths
can be used to draw conclusions about COVID-19.

To our knowledge, no study to date has directly compared factors
associated with COVID-19 versus non-COVID deaths in the same
cohort. We aimed to address this by conducting parallel analyses of
COVID-19 and non-COVID death outcomes using population-based
data from England within the OpenSAFELY platform.

2. Methods
2.1. Study design and study population

A retrospective cohort study was carried out within OpenSAFELY,
a new data analytics platform in England created to address urgent
COVID-19 related questions, which has been described previously
[4]. We used routinely-collected electronic data from primary care
practices using TPP SystmOne software, covering 2816 practices and
approximately 40% of the population in England, linked to Office of
National Statistics (ONS) death registrations. We included all adults
(aged 18 years or over) alive and under follow-up on 1% February
2020, and with at least one year of continuous GP registration prior
to this date, to ensure that baseline data could be adequately cap-
tured. We excluded people with missing age, sex, or index of multiple
deprivation, since these are likely to indicate poor data quality. For a
secondary analysis of deaths prior to the pandemic, a second cohort
was extracted comprising all adults alive and under follow-up on 1°
February 2019 and with at least one year of GP registration prior to
that date (hereafter referred to as the “2019 cohort”). Finally, we
compared directly those that died due to COVID-19 and those that
died from other causes to assess associations between individual
level factors and cause of death (analogous to a case-control analy-
sis).

2.2. Outcome and covariates

The outcomes were COVID-19 death, and deaths from causes
other than COVID-19 (hereafter “non-COVID death”). Cause of death
was assigned using the underlying cause of death field (main/primary
cause of death, coded in ICD-10) in the death registration. COVID-19
death was defined as any death with the underlying cause coded as
U07.1 (“COVID-19, virus identified”) or U07.2 (“COVID-19, virus not
identified”) [11]. Non-COVID deaths comprised all other deaths;
these were also further sub-divided into categories covering the
most common causes of death, namely cancer (ICD-10 chapter C),
cardiovascular disease (chapter I), respiratory (chapter J), dementia/
Alzheimer's disease (F00-03 or G30), and other (all other ICD-10
codes). Two sensitivity analyses were done to check that our findings
were robust to the way COVID-19 deaths were defined: (i) only using
the U07.1 (“virus identified”) code which would likely have higher
specificity; (ii) counting a U07.1/U07.2 code anywhere on the death
certificate as a COVID-19 death, in case of variation in how underly-
ing causes were assigned. For the secondary analysis of deaths prior
to the pandemic, the outcome was all-cause mortality; this was based
on a record for death in primary care, because ONS death registration
linkage for 2019 was not available.

Covariates considered in the analysis included health conditions
listed in UK guidance on higher risk groups; [12] other common con-
ditions that may cause immunodeficiency inherently or through
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medication, and other postulated risk factors for severe outcomes
among COVID-19 cases. We included age (grouped as 18-39, 40-49,
50-59, 60-69, 70-79 and >80 years for descriptive analysis), sex, eth-
nicity (White, Mixed, South Asian, Black, Other, categories from the
UK census), obesity (categorised as class I [body mass index 30-
34.9kg/m?], Il [35-39.9kg/m?], Il [>40kg/m?]), smoking status (never,
former, current), index of multiple deprivation quintile (derived from
the patient's postcode at lower super output area level). We also con-
sidered the following comorbidities: diagnosed hypertension, chronic
respiratory diseases other than asthma, asthma (categorised as with
or without recent use of oral steroids), chronic heart disease, diabetes
(categorised according to the most recent glycated haemoglobin
(HbA1c) recorded in the 15 months prior to 1% February 2020), non-
haematological and haematological cancer (both categorised by
recency of diagnosis, <1, 1-4.9, >5 years), reduced kidney function
(categorised by estimated glomerular filtration rate derived from the
most recent serum creatinine measure (30-<60, 15-<30, <15 mL/
min/1.73m? or a record of dialysis), chronic liver disease, stroke,
dementia, other neurological disease (motor neurone disease, myas-
thenia gravis, multiple sclerosis, Parkinson's disease, cerebral palsy,
quadriplegia or hemiplegia, and progressive cerebellar disease),
organ transplant, asplenia (splenectomy or a spleen dysfunction,
including sickle cell disease), rheumatoid arthritis/lupus/psoriasis,
and other immunosuppressive conditions (permanent immunodefi-
ciency ever diagnosed, or aplastic anaemia or temporary immunode-
ficiency recorded within the last year). The Sustainability and
Transformation Partnership (STP, an NHS administrative region) of
the patient's general practice was included as an additional adjust-
ment for geographical variation in infection rates across the country.

Information on all clinical covariates was obtained by searching
TPP SystmOne records prior to 1% February 2020 (or prior to 1% Feb-
ruary 2019, for the 2019 secondary analysis cohort) for specific coded
data, based on a subset of SNOMED-CT mapped to Read version 3
codes. All codelists, along with detailed information on their compila-
tion are available at https://codelists.opensafely.org for inspection
and re-use by the wider research community.

2.3. Statistical analysis

Follow-up time for mortality in the main cohort was from 1° Feb-
ruary 2020 until 9™ November 2020, which was the last date for
which mortality data were complete. Overall absolute probabilities of
COVID-19 death and non-COVID death (by cause of death category)
over this period were calculated for each age group, and standardised
by sex; this was done by fitting a multinomial logistic regression
model with outcome levels of died (by cause of death category) ver-
sus alive at end of follow-up, including covariates of age group and
sex, and using fitted covariate and constant terms to predict risks for
each outcome under a 50:50 male:female split [13]. Confidence inter-
vals were computed by taking the 5™ and 95™ centiles of estimates
from 1000 bootstrapped replications of this process.

To estimate differential associations between potential risk factors
and mortality from COVID or non-COVID causes, binary logistic
regression models were then fitted, with outcomes of (i) COVID-19
death and (ii) non-COVID death (all non-COVID causes combined).
Logistic regression was chosen because the use of linked national
mortality data meant that there was effectively a fixed follow-up
period for outcome ascertainment; however a sensitivity analysis
was also done using time-to-event Cox regression. For each outcome,
separate models adjusted for age, sex, and STP were fitted for each
covariate, with age parametrised as a 4-knot restricted cubic spline in
regression models and STP included as a fixed effect. An additional
model was fitted with age group sex, and STP only, to provide odds
ratios for age group (since model estimates for spline terms are diffi-
cult to interpret). For the secondary analysis using the 2019 cohort, a
similar set of age, sex and STP-adjusted logistic models was fitted

using a follow-up time period from 1% February to 9™ November
2019, with the outcome of all-cause mortality, which by definition
represents non-COVID mortality during this pre-pandemic time
period.

In further secondary analyses, models for each outcome were also
fitted, adjusting for all covariates simultaneously to identify indepen-
dent associations between covariates and outcomes. In a post-hoc
analysis driven by the striking pattern of results for ethnicity, further
age, sex, and STP-adjusted logistic models were fitted to explore eth-
nic differences in the odds of death from specific cause of death cate-
gories. Separate secondary analyses were done for wave 1 and 2 of
the pandemic in England, based on the periods 1% February-31°
August and 1% September-9™" November respectively. Finally, to
directly estimate the comparative association between individual-
level factors and COVID-19 versus non-COVID deaths, we fitted age,
sex, and STP-adjusted logistic models only including people who
died, with cause of death (COVID-19 versus non-COVID) as the binary
outcome variable. In these analyses, odds ratios >1 indicate that a
variable has a more positive association with COVID-19 death than
with non-COVID death, and vice versa.

Multiple imputation (10 imputations) was used to account for
missing ethnicity, with the imputation model including all covariates
from the main model and an indicator for the outcome. Those with
missing body mass index were assumed to be non-obese, and those
with missing smoking data were assumed to be never-smokers; we
did not use multiple imputation for these variables as they are
expected to be missing not at random in UK primary care [14]. In sen-
sitivity analyses, we excluded individuals with missing data (com-
plete case analysis).

2.4. Information governance and ethics

NHS England is the data controller; TPP is the data processor; and
the key researchers on OpenSAFELY are acting on behalf of NHS Eng-
land. OpenSAFELY is hosted within the TPP environment which is
accredited to the ISO 27001 information security standard and is NHS
IG Toolkit compliant; [15,16] patient data are pseudonymised for
analysis and linkage using industry standard cryptographic hashing
techniques; all pseudonymised datasets transmitted for linkage onto
OpenSAFELY are encrypted; access to the platform is via a virtual pri-
vate network (VPN) connection, restricted to a small group of
researchers who hold contracts with NHS England and only access
the platform to initiate database queries and statistical models. All
database activity is logged. No patient-level data leave the platform;
only aggregate statistical outputs leave the platform environment fol-
lowing best practice for anonymisation of results such as statistical
disclosure control for low cell counts [17]. The OpenSAFELY platform
adheres to the data protection principles of the UK Data Protection
Act 2018 and the EU General Data Protection Regulation (GDPR)
2016. In March 2020, the Secretary of State for Health and Social Care
used powers under the UK Health Service (Control of Patient Infor-
mation) Regulations 2002 (COPI) to require organisations to process
confidential patient information for the purposes of protecting public
health, providing healthcare services to the public and monitoring
and managing the COVID-19 outbreak and incidents of exposure
[18]. Taken together, these provide the legal bases to link patient
datasets on the OpenSAFELY platform. This study was approved by
the Health Research Authority (REC reference 20/LO/0651) and by
the LSHTM Ethics Board (ref 21863).

2.5. Role of the funding source

The funders had no role in study design, data collection, data anal-
ysis, interpretation, or writing of the report.
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3. Results

17,456,515 individuals were included in the analysis, of whom
17,063 died with COVID-19 listed as the underlying cause, while
134,316 died of other underlying causes (Figure 1). Demographic
characteristics are shown in Table 1.

As expected, the probabilities of both COVID-19 death and
death from other causes, among people in the general population
during the 283-day study period were highly dependent on age.
The probability of COVID-19 death over this period ranged from
0.0012% in those aged 18-39 years to 0.93% in those aged
>80 years, similar to other respiratory causes combined (Figure 2,
appendix Table A1). Probabilities of death from cardiovascular
disease and cancer during this period were higher (ranging from

Population registered with
a general practice using
TPP software on 15t
February 2020

N = 23,833,825

0.0033% to 1.8% in the youngest to oldest age groups for cardio-
vascular disease death, and from 0.0062% to 1.4% for cancer
death); in those aged >80, the risk of dementia/ Alzheimer's
death was 1.2%.

Most individual-level factors associated with odds of COVID-19
death had qualitatively similar associations with non-COVID death,
but the magnitudes of association differed (Figures 3-4). Age, male
gender, obesity, deprivation, and some comorbidities (notably
uncontrolled diabetes, severe asthma, dementia and organ trans-
plant) had more pronounced positive associations with COVID-19
death than non-COVID death. Smoking, history of cancer and chronic
liver disease, while positively associated with both outcomes, had
more pronounced positive associations with non-COVID death than
COVID death.

<1 year of prior

}

At least 1 year of follow-up
prior to 15t February 2020
N = 21,855,182

—P follow-up
N =1,978,643

Aged <18 on 1

'

February 2020
N = 4,259,763

Adults aged 18 or over
N =17,595,419

Missing
demographic or
index of multiple
» deprivation:

\ 4

N= 138,904

[129 age, 284 gender,
138,491 index of multiple
deprivation]

N=17,456,515

Final included study population

\/
Linked deaths (ONS)
N=151,379

respiratory, 27332 other)

17,063 COVID-19, 134,316
other causes (40,366 cancer,
34,429 cardiovascular, 16899
dementia/Alzheimer’s, 15290

Fig. 1. Flow chart of participants in the primary study cohort.



Table 1

Characteristics of the primary study cohort and distribution of COVID-19/non-COVID deaths
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N (%) COVID-19 deaths ~ Non-COVID deaths
N 17456515 (100.0) 17063 (100.00) 134316 (100.00)
Age (yrs) 18-39 5965744 (34.2) 73(0.43) 1346 (1.00)
40-49 2877525 (16.5) 226(1.32) 2711(2.02)
50-59 3085141 (17.7) 729 (4.27) 7487 (5.57)
60-69 2421249 (13.9) 1631 (9.56) 15242 (11.35)
70-79 1963205 (11.2) 3984 (23.35) 32093 (23.89)
80+ 1143651 (6.6) 10420 (61.07) 75437 (56.16)
Sex Female 8739169 (50.1) 7617 (44.64) 67774 (50.46)
Male 8717346 (49.9) 9446 (55.36) 66542 (49.54)
Body mass index (kg/m?)* Not obese 13621506 (78.0) 12541 (73.50) 108236 (80.58)
30-34.9 (Obese class I) 2419268 (13.9) 2761 (16.18) 16630 (12.38)
35-39.9 (Obese class II) 940080 (5.4) 1152 (6.75) 6222 (4.63)
>40 (Obese class III) 475661 (2.7) 609 (3.57) 3228 (2.40)
Smoking status® Never 8739756 (50.1) 5678 (33.28) 43947 (32.72)
Former 5747053 (32.9) 10276 (60.22) 72206 (53.76)
Current 2969706 (17.0) 1109 (6.50) 18163 (13.52)
Ethnicity White 11163018 (63.9) 11280 (66.11) 90619 (67.47)
Mixed 172141 (1.0) 77 (0.45) 353(0.26)
South Asian 1027068 (5.9) 951 (5.57) 2734 (2.04)
Black 343094 (2.0) 308(1.81) 1054 (0.78)
Other 323893 (1.9) 145 (0.85) 549 (0.41)
Missing 4427301 (25.4) 4302 (25.21) 39007 (29.04)
Index of Multiple Deprivation 1 (least deprived) 3519427 (20.2) 2882 (16.89) 25941 (19.31)
2 3555666 (20.4) 3144 (18.43) 27357 (20.37)
3 3515186 (20.1) 3258 (19.09) 27696 (20.62)
4 3491534 (20.0) 3727 (21.84) 26996 (20.10)
5 (most deprived) 3374702 (19.3) 4052 (23.75) 26326 (19.60)
Comorbidities
Hypertension 5990510 (34.3) 12635 (74.05) 97064 (72.27)
Chronic respiratory disease 711370 (4.1) 3598 (21.09) 28461 (21.19)
Asthma With no oral steroid use 2484264 (14.2) 1902 (11.15) 14054 (10.46)
With oral steroid use 296251 (1.7) 545 (3.19) 3361 (2.50)
Chronic heart disease 1179367 (6.8) 6202 (36.35) 46465 (34.59)
Diabetes With HbA1c<58 mmol/mol 1053215 (6.0) 3604 (21.12) 23929 (17.82)
With HbA1c>=58 mmol/mol 491874 (2.8) 1937 (11.35) 10860 (8.09)
With no recent HbA1c measure 196831 (1.1) 664 (3.89) 4636 (3.45)
Cancer (non-haematological) Diagnosed < 1 year ago 81070 (0.5) 299(1.75) 9754 (7.26)
Diagnosed 1-4.9 years ago 237331 (1.4) 669 (3.92) 11671 (8.69)
Diagnosed >5 years ago 547778 (3.1) 1788 (10.48) 17467 (13.00)
Haematological malignancy Diagnosed < 1 year ago 8878 (0.1) 59(0.35) 835(0.62)
Diagnosed 1-4.9 years ago 28130(0.2) 168 (0.98) 1453 (1.08)
Diagnosed >5 years ago 64022 (0.4) 272(1.59) 2164 (1.61)
Reduced kidney function Estimated GFR 30-60 1012185 (5.8) 6296 (36.90) 43973 (32.74)
Estimated GFR 15-<30 60836 (0.3) 1014 (5.94) 7339 (5.46)
Estimated GFR <15 or dialysis 31027 (0.2) 372(2.18) 2516 (1.87)
Chronic liver disease 100844 (0.6) 266 (1.56) 3718 (2.77)
Dementia 41460 (0.2) 1334(7.82) 6747 (5.02)
Stroke 367717 (2.1) 2937 (17.21) 19769 (14.72)
Other neurological disease 172055 (1.0) 1068 (6.26) 6761 (5.03)
Organ transplant 20194 (0.1) 94 (0.55) 494 (0.37)
Asplenia 28083 (0.2) 58(0.34) 631(0.47)
Rheumatoid arthritis/lupus/psoriasis 885573 (5.1) 1543 (9.04) 11263 (8.39)
Other immunosuppressive conditions 45307 (0.3) 70(0.41) 650 (0.48)

*

February 2020 to 9™ November 2020”

Non-white ethnicity had opposite associations with COVID-19
and non-COVID death: non-white ethnic groups had higher odds
than white of COVID-19 death, but lower odds than white of death
from non-COVID causes (Figure 3). This was also seen when non-
COVID deaths were divided into more specific cause of death catego-
ries: non-white groups had similar or lower odds than white of death
from cancer, cardiovascular disease, dementia/Alzheimer's, and respi-
ratory causes of death (Figure 5).

An analysis restricted to those who died, directly modelling the
odds of COVID-19 versus non-COVID cause of death, confirmed the
pattern of results from our primary analyses (Figure 6). Older age,
male sex, obesity, ethnicity, higher deprivation, diabetes, reduced
kidney function, asthma, stroke, dementia, other neurological condi-
tions, history of organ transplant, and autoimmune diseases were to
varying degrees stronger risk factors for COVID-19 deaths, while

missing BMI included in 'not obese' (n = 3,711,186 (21.3%); missing smoking included in 'never smoker' (n = 732,342 (4.2%)). “Data from 1%

smoking, haematological and non-haematological cancers, and
chronic liver disease were stronger risk factors for non-COVID death.
Associations between individual-level factors and non-COVID
deaths were similar when deaths from 2019 were used to represent
non-COVID deaths, and patterns of results were also similar in analy-
ses mutually adjusted for all variables (appendix Table A2). In analy-
ses of separate pandemic waves, patterns of associations were mostly
similar between the two waves, but the pattern of results for ethnic-
ity changed in wave 2, with the South Asian group having continuing
higher odds of COVID-19 death while other minority ethnic groups
had similar odds to White; it was also notable that in contrast with
wave 1, the second wave saw dementia having similar associations
with COVID-19 and non-COVID death (appendix Figure Al(a-v). In
sensitivity analyses, varying how COVID-19 deaths were defined,
using complete case analysis to deal with missing data, and using a
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Fig. 2. Estimated probability of death from different causes over the period between 1% February and 9™ November 2020, by age group

FOOTNOTES: Data from 1%t February 2020 to 9™ November 2020. Probabilities estimated from a multinomial logistic regression model with alive versus died from specific
causes as outcomes, and with age group and sex fitted as covariates; estimates are standardised to a 50% male/female gender balance within each age group. Dementia includes Alz-
heimer's. CVD = cardiovascular diseases. For numerical estimates and 95% Cls please see appendix Table Al.

Cox regression modelling framework made little difference to the
results (appendix Figure Ala-v).

4. Discussion
4.1. Key findings

Patterns of association between individual-level factors and risk of
COVID-19 death largely mirrored those for non-COVID deaths, sug-
gesting that COVID-19 has largely acted to multiplying existing mor-
tality risks faced by patients. However, there were notable
exceptions. People from non-white ethnic groups were at substan-
tially raised risk of COVID-19 death compared with white people,
despite having similar or lower risks of deaths from other causes.
Several other demographic characteristics, lifestyle-related factors
and comorbidities had qualitatively similar associations with risk of
both COVID-19 and non-COVID death but with different magnitudes
of association: age, male sex, obesity, deprivation and some comor-
bidities including severe asthma, uncontrolled diabetes, dementia
and organ transplant, had stronger associations with COVID-19
deaths than non-COVID deaths. The opposite was true of smoking
and other comorbidities including cancers and chronic liver disease,
which were more strongly associated with non-COVID deaths. During
the period from February to November 2020, COVID-19 was a com-
mon cause of death in England, though the incidence of cancer and
cardiovascular disease deaths was higher in all age groups, and the
incidence of deaths recorded as being due to dementia/Alzheimer's
disease was also higher in the oldest individuals.

4.2. Findings in the context of other evidence

Although individual level factors were generally similarly associ-
ated with COVID-19 and non-COVID death, some of the observed dif-
ferences were striking, including the discrepant effects of ethnicity
on the two outcomes. A lower overall mortality risk in Black, South
Asian and other minority ethnic groups has been observed before in
an analysis of linked death registration data from 2001-2013 in Scot-
land, with suggested reasons including self-selection of healthy

individuals among migrants, and healthier lifestyles and behaviours
among these groups [19]. A study using pre-pandemic data from UK
Biobank also observed a reduced risk of mortality in non-white ethnic
groups that was consistent for both infectious and non-infectious
deaths; [10] UK Biobank participants are not representative of the
broader UK population, with evidence of a healthy volunteer selec-
tion bias, [20] and it is possible that this bias may have operated
more strongly in non-white ethnic groups. Nevertheless the evidence
from both the internal comparison in the present study, and related
data from other studies, suggests that the higher risk of poor COVID-
19 outcomes reflects unique features of the pandemic rather than a
generalised higher risk of death in non-white groups. Reasons might
include a high likelihood of working in at-risk occupations with high
exposure risk, such as health and social care, hospitality and public
transportation; and a high likelihood of living in large, high-density
or multigenerational households, which might act individually or in
combination to increase the risk of infection, and thus the overall risk
of COVID-19 death, particularly if a high exposure risk in younger
people leads to increased infection in older people via households
and community settings [21]. Changes between wave 1 and 2 in the
patterns of results for ethnicity are consistent with data recently pub-
lished by ONS, [22] as well as a detailed analysis of OpenSAFELY
focussing on associations between ethnicity and COVID-19 outcomes,
[5] and suggest that ethnic differences in risk of COVID-19 death may
be largely driven by exposure risk, which is more likely to have
changed rapidly over time than susceptibility to severe disease.
Another notable finding was that, although current smoking was
associated with a higher risk of both COVID-19 and non-COVID death,
the association with COVID-19 death was substantially smaller than
with non-COVID death. Current smokers also had a slightly smaller
risk of COVID-19 death than ex-smokers, but the association was as
expected for non-COVID death (current smokers at substantially
higher risk than ex-smokers) suggesting that the finding was not
driven by exposure misclassification or model mis-specification.
Other studies have found smoking to be a significant risk factor for
mortality among those hospitalised for COVID-19 [23]. If smokers
have a raised risk of severe disease and death once infected, then it is
possible that this has been diluted by a lower risk of infection in our
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Fig. 3. Odds ratios for the association between demographic and lifestyle-related factors and COVID-19 and non-COVID mortality, adjusted for age, sex and STP
FOOTNOTES: Estimates for each covariate were produced by fitting two age, sex and STP-adjusted logistic models with outcomes of COVID-19 death and death from other
causes respectively. Data from 1°t February 2020 to 9™ November 2020.
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Fig. 4. Odds ratios for the association between comorbidities and COVID-19 and non-COVID mortality, adjusted for age, sex and STP
FOOTNOTES: Estimates for each covariate were produced by fitting two age, sex and STP-adjusted logistic models with outcomes of COVID-19 death and death from other
causes respectively. Data from 1°t February 2020 to 9™ November 2020.
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Fig. 5. Odds ratios for the association between ethnicity and COVID-19 death and death from specific other causes, adjusted for age, sex, and STP
FOOTNOTES:From separate logistic regression models for each cause-specific mortality outcome, with age (spline), sex, STP and ethnicity as covariates. Note: the dementia out-
come included Alzheimer's and the model was restricted to those aged >40y due to non-convergence when younger people were included. Data from 1° February 2020 to 9"

November 2020.

general population-based study, but at present there is limited evi-
dence to assess possible mechanisms that might explain such a
reduced infection risk among smokers. Of note, the UK Biobank study
found smoking to be more strongly associated with infection deaths
than non-infection deaths in a pre-pandemic time period [10].

Among comorbidities, history of non-haematological cancer stood
out as having a substantially smaller association with COVID-19
death compared with non-COVID death; cancer patients and survi-
vors are likely to have a high long-term risk of cancer recurrence
driving a raised risk of non-COVID (cancer) death; our results suggest
that this is proportionately larger than the more modest raised risk of
COVID-19 death that might arise from compromised immunity or
risk of infection complications. Any underlying raised COVID-19 risk
in this group may have been mitigated if cancer patients and survi-
vors were more likely to shield and/or be compliant with social dis-
tancing measures. The difference between COVID-19 and non-COVID
mortality risk was less stark in haematological cancer survivors, in
keeping with evidence that these cancers are likely associated with a
larger raised risk of COVID-19 death. [4,24] Chronic liver disease also
showed a smaller association with COVID-19 death compared with
non-COVID death, perhaps again reflecting shielding behaviour or
social interactions during the pandemic; unfortunately we lacked the
data to investigate the role of alcohol in this association. Dementia
was associated with disproportionately raised risks of COVID-19
death, but this appeared to be driven by data from wave 1 of the pan-
demic, likely due to significant outbreaks in residential care homes
during that period; by wave 2, dementia was associated with similar
risks of COVID-19 and non-COVID death.

4.3. Strengths and limitations

Study strengths include the large size of the study, providing high
statistical power to investigate associations between a wide range of

factors and mortality. Our use of routinely collected primary care
data meant that information on a wide range of longitudinal, detailed
patient characteristics and comorbidities were available. Our data
extraction and data management processes ensured that only records
meeting data basic quality criteria were included; in addition, the
underlying primary care data that we accessed are routinely
extracted to support GP payment incentive schemes and national
audits, ensuring that problems with data quality and flow are quickly
addressed. Furthermore, individual-level linkage to death registra-
tions provided near-complete ascertainment of mortality, with the
caveat that a small proportion of deaths may have been missed
among people who died outside the UK. UK primary care data have
been shown to have good validity for ascertainment of a range of
comorbidities, ethnicity and body mass index. [25-27] Our findings
were robust in a number of sensitivity analyses.

There were also some limitations. Comorbidity ascertainment
relied on conditions being coded in the primary care record; condi-
tions will only be coded when patients consult, which may not hap-
pen for early-stage or mild illness. Conversely, acute conditions
requiring hospitalisation may have been missed if feedback from hos-
pital to primary care providers was imperfect. Missing data was an
issue for some variables, notably ethnicity and body mass index. We
used multiple imputation to deal with missing ethnicity, and our
findings were robust to an alternative “complete case analysis”
approach. Recording of body mass index in primary care is highly
likely to be missing not at random, violating a key assumption
required for multiple imputation, [14] so we instead assumed those
with missing data to be non-obese, since obese individuals are more
likely to have their weight recorded; however this could have caused
some misclassification. Our results were again robust to an alterna-
tive “complete case approach”. We did not have any data on country
of birth, to explore the effect of this variable and its interplay with
ethnicity. We also lacked reliable information on some potentially
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Fig. 6. Odds ratio for COVID-19 cause of death (versus non-COVID causes) among those who died

FOOTNOTES: Note that the odds ratio presented here are modelling the association between individual factors and the odds of a COVID-19 cause of death, among those who
died. They cannot be interpreted as showing how factors are associated with the odds of death occurring (for this, see Figures 3-4). Estimates are from individual age, sex and STP-
adjusted logistic regression models for each factor of interest, including only individuals that died, and with an outcome of COVID-19 cause of death. Age was parameterised as a 4-
knot restricted cubic spline in all models, except to estimate the effect of age itself, where a linear age term was used for ease of presentation and interpretation. Data from 1 Febru-
ary 2020 to 9™ November 2020.
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important lifestyle-related variables such as alcohol use, diet and
physical activity. We used the underlying cause of death field from
the death registration to assign deaths as being due to COVID-19 or
other causes, though results were similar in a sensitivity analysis
where a COVID-19 death was defined based on a COVID-19 code any-
where on the death certificate. There may have been some misclassi-
fication of cause of death. Early in the epidemic, some COVID-19
deaths may have been misclassified as being due to other causes; for
example a proportion of deaths due to COVID-19 occurring in care
homes may have been misclassified as being due to dementia/Alz-
heimer's, biasing downwards our estimate of the absolute contribu-
tion of COVID-19 to overall mortality [28]. Conversely, during peak
epidemic periods, a bias in the opposite direction may have occurred,
if COVID-19 were entered as the presumed cause of death in uncer-
tain cases. However, 16,049/17,063 COVID-19 deaths (94%) had the
ICD-10 code U07.1 (“COVID-19 — virus identified”) implying that
infection was confirmed by laboratory testing, so any misclassifica-
tion in this direction is likely to have been minimal, and results were
unchanged in a sensitivity analysis using an outcome definition
restricted to this code. A caveat to this is that we could not be sure of
the method of virus identification, as this was not part of the available
data, or of the validity of the “COVID-19 — virus identified” code. We
were further reassured given that we found patterns of results for
non-COVID deaths in 2020 to be similar to those for pre-pandemic
deaths in the equivalent period of 2019. COVID-19 mortality may
have been affected by the competing risk of non-COVID death, and
vice versa; our use of logistic regression over a fixed time period con-
ceptually accounts for competing risks in a similar way to Fine & Gray
modelling in a time to event framework, [29] since the estimated
odds ratios target the association between covariate and odds of out-
come, including any part of the association that is driven by the com-
peting outcome. Our primary results describe associations between
individual-level factors and outcomes adjusted for age, sex, and geog-
raphy and in the supplementary appendix we also include results
with mutual covariate adjustment to provide a more complete
description of independent associations. However, we caution
against interpreting our estimates as causal effects, which are chal-
lenging to estimate in observational data, and in this case would
require the development of detailed variable-specific confounder
models. In addition, since we estimated factors associated with
COVID-19 death in the general population, rather than those with
confirmed infection, it is not possible to disentangle from our data
whether associations were driven by risk of infection, susceptibility
to severe disease or a combination of the two. In the absence of wide-
spread representative testing data, any attempt to look at factors
associated with survival from infection would be highly vulnerable to
collider bias because, for example, people with underlying ill health
would be more likely to be tested and have infection ascertained, as
well as being at increased risk of COVID-19 death [30]. Finally, TPP
primary care software is not used uniformly around the country so
our data are not fully geographically representative of England: in
particular, the East of England, East Midlands, Yorkshire and the
Humber regions are over-represented in the data, while London is
underrepresented. Our adjustment for STP, which divided our data
into 32 NHS administrative areas, should have avoided confounding
by factors relating to geography in the estimation of associations, but
observed absolute risks are not necessarily generalisable to England
as whole.

4.4. Implications for public health and research

In all age groups, the probability of COVID-19 death was approxi-
mately similar to that for death from other respiratory causes com-
bined during the time period of this study, but lower than the
probability of death from cancer, cardiovascular disease and (among
older individuals) dementia/Alzheimer's. This highlights the

importance of maintaining care and prevention services targeting
these high-burden non-COVID conditions. It should be remembered
that the absolute probabilities of COVID-19 deaths we observed were
specific to our study period, and were in the context of major national
efforts to suppress infection rates and targeted shielding for particu-
lar risk groups. The relative contribution of COVID-19 to mortality
would undoubtedly have been higher in the absence of these policies.
The broadly similar relationships between most individual-level fac-
tors and COVID-19 and non-COVID mortality suggest that COVID-19
largely amplifies a person's underlying mortality risk (by a factor that
will depend on current levels of circulating virus) based on their
characteristics and medical history; public health decisions requiring
prioritisation of vulnerable subgroups can therefore be informed by
our knowledge of pre-pandemic mortality risks based on established
risk factors. However there were important exceptions to this overall
pattern. Understanding the drivers of uniquely raised risks of COVID-
19 death associated with non-white ethnicity is a clear research pri-
ority; research into the role of occupations involving high levels of
public contact, population density, and household composition will
be key in further exploring the reasons, and thus informing mitiga-
tion strategies. Cancers were notably more strongly associated with
non-COVID than COVID-19 deaths; a similar pattern was seen for
chronic liver disease. However, this finding should not affect policies
aimed at reducing risk in these groups, as even given a high underly-
ing risk of non-COVID death, COVID-19 represents a potentially
avoidable addition to the mortality risk. Emerging risk prediction
tools can help to quantify this excess risk for individuals with differ-
ent combinations of risk factors, and thus inform the targeting of mit-
igation measures, including prioritisation for vaccines. [3,31]

5. Conclusion

Demographic characteristics, lifestyle-related factors and comor-
bidities generally had qualitatively similar relationships with the
risks of both COVID-19 death and non-COVID deaths, with some dif-
ferences in the magnitudes of association. People from non-white
ethnic groups had higher risks of COVID-19 death than white people,
contrasting with similar or lower risks of deaths from other causes.
This strongly suggests there are risk factors for mortality, specific to
COVID-19, that are disproportionately affecting non-white groups;
various factors along the causal chain culminating in COVID-19 death
might contribute to the raised risks in non-white groups, including
risk of exposure to the virus, risk of infection once exposed, underly-
ing health and susceptibility to severe disease, health-seeking behav-
iour and health care received. Improved understanding of these
factors is needed in order to tackle the increased mortality from
COVID-19 among non-white groups. In conclusion, COVID-19
appears to largely act as if multiplying existing risks faced by patients,
with the notable exceptions described in this paper.
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