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A B S T R A C T

Background:: Excess deaths during the COVID-19 pandemic compared with those expected from historical
trends have been unequally distributed, both geographically and socioeconomically. Not all excess deaths
have been directly related to COVID-19 infection. We investigated geographical and socioeconomic patterns
in excess deaths for major groups of underlying causes during the pandemic.
Methods:: Weekly mortality data from 27/12/2014 to 2/10/2020 for England and Wales were obtained from
the Office of National Statistics. Negative binomial regressions were used to model death counts based on
pre-pandemic trends for deaths caused directly by COVID-19 (and other respiratory causes) and those caused
indirectly by it (cardiovascular disease or diabetes, cancers, and all other indirect causes) over the first 30
weeks of the pandemic (7/3/2020�2/10/2020).
Findings:: There were 62,321 (95% CI: 58,849 to 65,793) excess deaths in England and Wales in the first 30
weeks of the pandemic. Of these, 46,221 (95% CI: 45,439 to 47,003) were attributable to respiratory causes,
including COVID-19, and 16,100 (95% CI: 13,410 to 18,790) to other causes. Rates of all-cause excess mortal-
ity ranged from 78 per 100,000 in the South West of England and in Wales to 130 per 100,000 in the West
Midlands; and from 93 per 100,000 in the most affluent fifth of areas to 124 per 100,000 in the most
deprived. The most deprived areas had the highest rates of death attributable to COVID-19 and other indirect
deaths, but there was no socioeconomic gradient for excess deaths from cardiovascular disease/diabetes and
cancer.
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Interpretation:: During the first 30 weeks of the COVID-19 pandemic there was significant geographic and
socioeconomic variation in excess deaths for respiratory causes, but not for cardiovascular disease, diabetes
and cancer. Pandemic recovery plans, including vaccination programmes, should take account of individual
characteristics including health, socioeconomic status and place of residence.
Funding:: None.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
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1. Introduction

Excess deaths (the number of deaths above the expected average
for a given period in a population) is a valuable measure of the impact
of pandemics because cause of death may not be accurately reported,
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particularly in the early stages when awareness and diagnostic tools
are limited, or where there is asymptomatic disease. Pandemics may
also lead to increases in deaths for causes other than the infectious
disease; of the estimated 47,243 excess deaths in England and Wales
during the first ten weeks of the COVID-19 pandemic, 9948 (21%)
were reported as being caused indirectly by COVID-19 [1]. Although
some of these deaths will have been undiagnosed COVID-19 cases,
public and institutional responses to the pandemic also affected mor-
tality risks for a range of other conditions. Pressure on health services
and social care sectors reduced the supply of non-urgent diagnostic
and treatment services [2,3] and, to avoid the risk of COVID-19 infec-
tion, people were less likely to use healthcare services [4,5]. Delayed
responses to acute health conditions and exacerbations of pre-exist-
ing health conditions led to substantial increases in mortality for a
number of diseases, including cardiovascular diseases [6,7] and dia-
betes [8,9]. Conversely, mortality rates for some health conditions,
including other infectious respiratory diseases, fell [10], whilst for
unnatural causes, including accidents, poisonings and suicides, tem-
poral trends are difficult to discern because several months elapse
before coronial inquests are issued [11,12]. For some other health
conditions, such as cancer, the full impact of the pandemic on delayed
diagnoses and mortality is not yet known [13].

The risk of being infected with COVID-19 has followed sociode-
mographic and geographical patterns. Higher infection rates are
recorded both for socioeconomically deprived and minority ethnic
groups in the population, in part because these groups continued to
work outside the home as keyworkers and often in non-COVID-
secure environments. Furthermore, these groups are typically more
likely to have pre-existing medical conditions such as heart disease
or diabetes. Complex geographical patterns have also emerged: in
the first wave, London, then the West Midlands and northern regions
had the highest rates of COVID-19 deaths. However, evidence on
non-COVID deaths during the pandemic is less clear; and it is
unknown whether they follow similar geographic and social patterns,
or whether they vary by cause of death. It is also unclear whether
socioeconomic and regional/geographic patterns in deaths changed
after the first wave. Therefore, we extended our previous analysis of
geographical and socioeconomic patterns in excess deaths [1], up
until the first 30 weeks of the pandemic, for the major underlying
causes of death. The patterns that emerge are important because
they could influence later phases of vaccination roll-out and COVID-
19 recovery planning for local communities.
2. Methods

2.1. Data

Deaths registered in England and Wales from 27/12/2014 until
01/03/2021 were accessed using the secure Amazon Workspaces
environment setup by NHS Digital. To minimise the effect of delayed
death registration, the observation period was from the 1st week of
2015 (ending 2nd Jan) to the 40th week of 2020 (ending 2nd Oct).
For each death, the underlying cause (defined as the disease or injury
that initiated the series of events leading directly to death, or the cir-
cumstances of the accident or violence that produced the fatal injury
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[14]) and up to 15 contributory causes are recorded on the death cer-
tificate. Additional information in the database included: unique NHS
identifier, age, sex, registered date of death, residence postcode and
place of death category.

Using residential postcodes, the database was linked to Lower
Super Output Areas (LSOAs), which are small geographical areas con-
taining a median of around 1500 residents. Additional information
was linked through LSOAs, including region, population sizes by age
and sex strata, and socioeconomic deprivation information. Depriva-
tion was measured using the Indices of Multiple Deprivation (IMD), a
composite score across seven domains: income, employment, health,
education & skills, housing, crime and environment. Deprivation
rankings and scores change very little over time [15], and so we used
the latest available IMDs reported as scores (for 2019 in England and
2014 in Wales). Population estimates at the LSOA level were available
from the ONS up to 2019 [16], and were extrapolated to 2020 using
linear regression. Regional information pertained to the 10 former
Strategic Health Authorities in England plus Wales.

Deaths were organised in two main categories: direct or indirect.
Direct included deaths where the underlying cause of death was
attributed to COVID-19 (ICD-10 code U071 virus identified, or U072
virus not identified), plus respiratory deaths (J00�J99). This aggrega-
tion was used because coding of COVID-19 varied over the study’s
observation period, with an unknown number of COVID-19 deaths
being attributed to other respiratory diseases, especially in the early
stages of the pandemic and in care homes. For comparison, we also
present and model non-COVID-19 respiratory deaths separately. We
examined three subcategories of indirect death: cardiovascular and
diabetes (ICD-10 codes: I00�I99 and E10-E14, except for I426 alco-
holic cardiomyopathy), since these are closely related disorders; can-
cer (ICD-10 codes: C00�D48); and other indirect deaths (including
drug-related and alcohol-related deaths, suicides, accidents and all
other causes). The latter category included those deaths where the
cause was still under investigation by the coroner, which are most
likely to be external causes of death [17]. Subcategories of indirect
deaths were selected because they are common, are likely to have
been affected by limited elective access because of the pandemic, and
are robust to time-lags in coronial verdicts. Each subcategory was
modelled separately. Categories were mutually exclusive; for exam-
ple, cardiovascular deaths did not include alcoholic cardiomyopathy,
which was included in the ‘other indirect’ category. ‘Other’ deaths
include a very small number of cases (<2000 each year) where there
was no underlying cause of death, or where the cause is being further
investigated.

The study was conducted using aggregated national mortality
data; ethical approval was, therefore, not needed. No specific funding
was obtained for this study, the academic institutions funding the
time of the authors (and Abbot and BMS for CG) had no role in the
design and conduct of the study.

2.2. Analyses

Data were imported, cleaned and formatted as a time series in
Stata v16. Death counts for each category were aggregated initially
without stratification and then across the following strata: by depri-
vation quintile, by place of death, by place of death interacted with
deprivation quintile, by region, and by region interacted with depri-
vation quintile. Aggregated datasets were extracted from the secure
environment and analysed locally. We used a similar model for each
outcome examined across the stratified data aggregations. To model
excess mortality, data from week 9 in 2020 (22�28 February), two
weeks before the first officially confirmed COVID-19 related deaths
(7�13 March), were set to missing. Negative binomial regression
models were fitted to weekly death counts in the pre-pandemic
period, with covariates of week (categorical � to account for season-
ality), and time in weeks (continuous � to account for a potential
slope). To account for lags in reporting, the models also included:
number of bank holidays in the week, whether the Friday of the pre-
vious week was a bank holiday, and whether the Friday of the current
week was a bank holiday (weeks run from Saturday to Friday). Sepa-
rate models were fitted to examine excess mortality by subgroup:
sex, age group, region (as defined by former Strategic Health Author-
ity), deprivation quintile, and place of death (care home, home, hos-
pice, hospital or other/unknown). These models included additional
respective categorical predictors, and their interaction terms with
time, to allow for varying time-trends by stratum, respectively.

To account for differences in population totals, within subgroup
and over time, for each model, the natural logarithm of the annual
population estimate for each respective stratum was applied as the
offset. We selected negative binomial regression models over Poisson
models because of high variation in the outcome variable that is
likely to cause over-dispersion. For weeks 11 (7 to 13 March) to 40
(29 Aug to 2 Oct 2020), from each model the exponentiated linear
prediction (and its 95% confidence intervals), which provides an esti-
mate of the expected death count, was subtracted from the respective
observed event count to give an estimate of excess deaths. Excess
death count and rate estimates, for each stratum and overall, were
aggregated across all weeks in the COVID-19 observation period,
with a pooled estimate for the standard error used to obtain the 95%
confidence intervals. Additional figures by each categorisation of
interest are provided in the supplementary file.

3. Results

3.1. Respiratory deaths

Between 7 Mar 2020 and 2 Oct 2020, there were an estimated
46,221 (95% CI: 45,439 to 47,003) excess deaths in England andWales
attributed to COVID-19 or another underlying respiratory cause
(direct deaths, Table 1). Of these, 26,336 were deaths in males and
19,885 deaths in females. There was a steep upward gradient in the
death count with increasing age: estimated excess direct deaths
ranged from �11 for ages 0�14 to 18,800 for ages 85 years and over.
There was also a clear deprivation gradient, ranging from 7883 excess
deaths in the most affluent quintile to 10,750 in the most deprived.
Most direct deaths occurred in hospitals (26,206), followed by care
homes (15,261) and private homes (3739). Excluding COVID-19
deaths, there were an estimated �2710 excess respiratory deaths in
England and Wales, i.e. there were fewer than expected deaths from
respiratory diseases other than COVID-19. This applied to all age
groups, except for ages 45�65.

The overall excess mortality rate for England and Wales directly
attributed to COVID-19 infection or respiratory causes was 77 per
100,000 population (Table 2), but there was substantial regional vari-
ation: rates ranged from 44 per 100,000 in the South West to 95 per
100,000 in the North West. By age group, direct deaths ranged from 0
per 100,000 for ages 0�14 to 1241 per 100,000 for ages 85 or over. In
terms of area-level deprivation, rates ranged from 68 per 100,000 for
the most affluent quintile to 90 per 100,000 for the most deprived,
reflecting higher spikes in more deprived regions and localities dur-
ing the first phase of the pandemic (April to July 2020; Fig. 1).

3.2. Cardiovascular and diabetes deaths

In addition to deaths directly attributed to COVID-19 and other
respiratory causes, there was also an increase in cardiovascular and
diabetes deaths, with an estimated 6887 (95% CI: 5999 to 7774)
excess deaths nationally, with similar numbers for males and
females. The highest number of excess deaths occurred in the 85 years
and over age group (1907), followed by the 45�65 (1379) and 75�84
(1359) age groups. There was no socioeconomic gradient evident in
these excess deaths. There were fewer than expected cardiovascular



Table 1
Estimated counts of direct, indirect and total excess deaths, weeks 11 to 40 (7 Mar 2020 to 2 Oct 2020).

Direct Indirect
COVID or other respiratory Other respiratory only Cardiovascular and diabetes Cancer Other indirect deaths Any cause

England andWales 46,221 (45,439,47,003) �2710 (�3492,�1928) 6887 (5999,7774) 1668 (289,3047) 7056 (5693,8418) 62,321 (58,849,65,793)
Sex
Males 26,336 (26,041,26,631) �768 (�1063,�473) 3486 (3125,3847) 857 (531,1183) 1649 (1180,2118) 32,825 (31,529,34,121)
Females 19,885 (19,591,20,179) �1942 (�2236,�1648) 3388 (3075,3702) 812 (527,1097) 5307 (4736,5877) 29,437 (28,150,30,724)
Age groups
0�14 �11 (�13,�9) �14 (�16,�12) 4 (1,6) �5 (�9,�1) �37 (�56,�19) �57 (�75,�39)
15�44 512 (506,518) �11 (�17,�5) 237 (224,249) 20 (6,34) �214 (�271,�157) 534 (464,605)
45�65 4671 (4635,4708) 17 (�19,54) 1379 (1314,1444) 417 (329,505) 397 (306,488) 6925 (6686,7165)
65�74 6776 (6697,6855) �397 (�476,�318) 1050 (965,1136) 486 (358,615) 292 (206,377) 8596 (8270,8921)
75�84 14,768 (14,619,14,918) �1051 (�1200,�902) 1359 (1199,1520) 681 (517,845) 1279 (1070,1489) 17,789 (17,214,18,364)
85+ 18,800 (18,589,19,012) �1959 (�2170,�1747) 1907 (1673,2142) �500 (�621,�378) 2808 (2348,3267) 22,146 (21,264,23,028)
Regions
North East 2531 (2508,2553) �208 (�231,�186) 316 (291,341) 67 (39,94) 390 (351,428) 3303 (3220,3386)
North West 6990 (6933,7047) �559 (�616,�502) 488 (427,549) 168 (107,228) 1165 (1079,1251) 8782 (8579,8985)
Yorkshire & Humber 4349 (4311,4387) �260 (�298,�222) 469 (423,516) 128 (79,176) 314 (248,381) 5295 (5145,5446)
East Midlands 3478 (3447,3509) �245 (�276,�214) 733 (692,773) 203 (160,247) 310 (251,369) 4750 (4621,4879)
West Midlands 5255 (5215,5296) �223 (�263,�182) 1106 (1055,1156) 293 (242,344) 1044 (973,1114) 7730 (7564,7896)
East of England 4616 (4577,4655) �174 (�213,�135) 463 (408,518) �39 (�92,14) 879 (803,956) 5995 (5821,6169)
London 8134 (8103,8166) 15 (�16,47) 855 (809,902) 116 (71,162) 1154 (1092,1217) 10,311 (10,166,10,456)
South East Coast 3516 (3483,3548) �201 (�234,�169) 774 (734,815) 359 (316,402) 829 (767,892) 5532 (5395,5669)
South Central 2924 (2900,2948) �145 (�169,�121) 648 (616,680) 147 (110,183) 294 (246,342) 4043 (3938,4147)
South West 2465 (2429,2502) �263 (�299,�226) 846 (794,898) 327 (274,380) 703 (629,776) 4410 (4243,4577)
Wales 2057 (2030,2084) �285 (�312,�258) 367 (333,400) �30 (�62,2) 139 (97,181) 2546 (2448,2644)
Deprivation quintiles
1 (least deprived) 7883 (7812,7955) �617 (�688,�545) 1227 (1131,1323) 453 (357,549) 1034 (890,1178) 10,770 (10,427,11,113)
2 8715 (8633,8796) �587 (�669,�506) 1137 (1034,1241) 71 (�31,172) 1358 (1205,1511) 11,414 (11,046,11,782)
3 9085 (9000,9169) �456 (�541,�372) 1746 (1640,1851) 228 (128,328) 1489 (1334,1644) 12,649 (12,279,13,018)
4 9838 (9749,9926) �581 (�670,�493) 1301 (1197,1405) 446 (353,538) 1440 (1296,1584) 13,053 (12,698,13,408)
5 (most deprived) 10,750 (10,653,10,848) �351 (�448,�253) 1668 (1566,1770) 542 (448,635) 1878 (1729,2027) 14,789 (14,424,15,154)
Place of death
Care home 15,261 (15,188,15,335) 879 (806,953) 2736 (2635,2836) �917 (�1000,�835) 6377 (6005,6748) 23,280 (22,778,23,781)
Home 3739 (3642,3835) 1598 (1501,1694) 6667 (6481,6852) 10,665 (10,498,10,833) 4952 (4782,5121) 26,141 (25,633,26,650)
Hospice 361 (351,370) �86 (�96,�77) �3 (�14,8) �2186 (�2278,�2094) �125 (�143,�107) �1603 (�1734,�1473)
Hospital 26,206 (25,886,26,526) �5256 (�5576,�4936) �3082 (�3379,�2786) �6655 (�6854,�6456) �5143 (�5546,�4740) 10,034 (9060,11,008)
Other/ Unknown 647 (639,654) 148 (140,155) 249 (225,272) 749 (735,762) �53 (�97,�8) 1565 (1499,1632)
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Table 2.
Rates of direct, indirect and total excess deaths per 100,000 population, weeks 11 to 40 (7 Mar 2020 to 2 Oct 2020).

Direct Indirect
COVID or other
respiratory

Other respiratory only Cardiovascular
and diabetes

Cancer Other indirect deaths Any cause

England andWales 77 (76,79) �5 (�6,�3) 12 (10,13) 3 (0,5) 12 (10,14) 104 (98,110)
Sex
Males 89 (88,90) �3 (�4,�2) 12 (11,13) 3 (2,4) 6 (4,7) 111 (107,115)
Females 66 (65,67) �6 (�7,�5) 11 (10,12) 3 (2,4) 18 (16,19) 97 (93,102)
Age groups
0�14 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 0 (�1,0) �1 (�1,0)
15�44 2 (2,2) 0 (0,0) 1 (1,1) 0 (0,0) �1 (�1,�1) 2 (2,3)
45�65 31 (30,31) 0 (0,0) 9 (9,9) 3 (2,3) 3 (2,3) 45 (44,47)
65�74 114 (112,115) �7 (�8,�5) 18 (16,19) 8 (6,10) 5 (3,6) 144 (139,149)
75�84 397 (393,401) �28 (�32,�24) 37 (32,41) 18 (14,23) 34 (29,40) 479 (463,494)
85+ 1241 (1227,1254) �129 (�143,�115) 126 (110,141) �33 (�41,�25) 185 (155,216) 1461 (1403,1519)
Regions
North East 94 (94,95) �8 (�9,�7) 12 (11,13) 2 (1,4) 15 (13,16) 123 (120,126)
North West 95 (94,95) �8 (�8,�7) 7 (6,7) 2 (1,3) 16 (15,17) 119 (116,122)
Yorkshire & Humber 79 (78,79) �5 (�5,�4) 8 (8,9) 2 (1,3) 6 (4,7) 96 (93,99)
East Midlands 71 (71,72) �5 (�6,�4) 15 (14,16) 4 (3,5) 6 (5,8) 98 (95,100)
West Midlands 88 (87,89) �4 (�4,�3) 19 (18,19) 5 (4,6) 17 (16,19) 130 (127,132)
East of England 74 (73,74) �3 (�3,�2) 7 (7,8) �1 (�1,0) 14 (13,15) 96 (93,98)
London 90 (90,91) 0 (0,1) 9 (9,10) 1 (1,2) 13 (12,13) 114 (113,116)
South East Coast 73 (73,74) �4 (�5,�4) 16 (15,17) 7 (7,8) 17 (16,19) 115 (112,118)
South Central 66 (65,67) �3 (�4,�3) 15 (14,15) 3 (2,4) 7 (6,8) 91 (89,94)
South West 44 (43,44) �5 (�5,�4) 15 (14,16) 6 (5,7) 12 (11,14) 78 (75,81)
Wales 65 (64,66) �9 (�10,�8) 12 (11,13) �1 (�2,0) 4 (3,6) 80 (77,83)
Deprivation quintiles
1 (least deprived) 68 (67,69) �5 (�6,�5) 11 (10,11) 4 (3,5) 9 (8,10) 93 (90,96)
2 74 (73,74) �5 (�6,�4) 10 (9,10) 1 (0,1) 11 (10,13) 97 (93,100)
3 75 (74,75) �4 (�4,�3) 14 (13,15) 2 (1,3) 12 (11,14) 104 (101,107)
4 80 (79,81) �5 (�5,�4) 11 (10,11) 4 (3,4) 12 (11,13) 106 (104,109)
5 (most deprived) 90 (89,91) �3 (�4,�2) 14 (13,15) 5 (4,5) 16 (14,17) 124 (121,127)
Place of death
Care home 26 (25,26) 1 (1,2) 5 (4,5) �2 (�2,�1) 11 (10,11) 39 (38,40)
Home 6 (6,6) 3 (3,3) 11 (11,11) 18 (18,18) 8 (8,9) 44 (43,45)
Hospice 1 (1,1) 0 (0,0) 0 (0,0) �4 (�4,�4) 0 (0,0) �3 (�3,�2)
Hospital 44 (43,44) �9 (�9,�8) �5 (�6,�5) �11 (�11,�11) �9 (�9,�8) 17 (15,18)
Other/ Unknown 1 (1,1) 0 (0,0) 0 (0,0) 1 (1,1) 0 (0,0) 3 (3,3)
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and diabetes deaths in hospitals (�3082) but more in private homes
(6667) and care homes (2736).

Nationally, most of excess deaths due to cardiovascular disease/
diabetes occurred during the first half of the first wave of the pan-
demic (April to mid-May), with a second, smaller increase from mid-
July to August (Fig. 2). There were 12 excess direct deaths per
100,000 of the population, ranging from 7 per 100,000 in the North
West and East of England to 19 per 100,000 in the West Midlands.
Rates ranged for deprivation quintiles from 11 per 100,000 for quin-
tile 2 to 14 per 100,000 for quintiles 3 and 5.

3.3. Cancer deaths

Nationally, there were 1668 (95% CI: 289 to 3047) excess cancer
deaths over the study period, ranging from �500 in those aged 85 or
over to 681 in ages 75�84. Numbers of excess deaths were similar in
females and males. More deaths were recorded in the most deprived
quintile, although there was no clear gradient. There were fewer
than expected deaths in hospitals (�6655), hospices (�2186), and
care homes (�917), but more in private homes (10,665).

We estimated 3 excess cancer deaths per 100,000 population
nationally, ranging from �1 per 100,000 in the East of England and in
Wales to 7 per 100,000 in the South East Coast region. The highest
rates were in the 65�75 and 75�84 age groups, with 8 and 18 excess
deaths per 100,000, respectively. There was no clear linear socioeco-
nomic gradient, but with the most excess deaths per 100,000 popula-
tion observed in the most deprived quintile (5 per 100,000). For the
quintiles with the most excess deaths, we observed the same pattern
as for cardiovascular and diabetes deaths, with a primary spike dur-
ing the first wave of the pandemic and a secondary increase from July
onwards (Fig. 3). For other deprivation quintiles, there was also a
sharp increase in excess deaths during the first wave followed by a
period of fewer than expected deaths from July onwards.

3.4. Other indirect deaths (including drug-related and alcohol-related
deaths, suicides, fatal accidents, and all other causes)

There were 7056 (95% CI: 5693 to 8418) excess deaths from other
indirect causes over the study period (Table 1). A large difference was
observed between female (5307) and male (1649) deaths. There
were fewer than expected deaths for ages 0�14 (�37) and 15�44
(�214), increasing to 2808 for ages 85 or over. Excess deaths ranged
from 1034 in the most affluent quintile to 1878 in the most deprived.
Again, there was a shift from deaths in hospital (�5143) to deaths in
care homes (6377) and private homes (4952).

There were 12 excess other indirect deaths per 100,000 for Eng-
land and Wales (Table 2), ranging from 4 per 100,000 in Wales to 17
per 100,000 in the West Midlands and South East Coast. The highest
rates were for ages 85 or over (185 per 100,000) and lowest for ages
15�44 (�1 per 100,000). Rates ranged from 9 excess deaths per
100,000 in the most affluent quintile to 16 per 100,000 in the most
deprived. For all quintiles, there was a sharp increase in other indirect
excess deaths during the first part of the first wave of the pandemic,
immediately followed by a period of fewer than expected deaths
from June to August (Fig. 4).

3.5. All-cause excess deaths

For all causes of death combined, there were 62,321 (95% CI:
58,849 to 65,793) excess deaths in a total of 346,502 during the study
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Fig. 2. Temporal patterns in excess cardiovascular and diabetes death rates per
100,000 population by deprivation quintile.*
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period across England and Wales. The number of excess deaths was
higher for males (32,825) compared to females (29,437). There was a
clear age gradient with �57 excess deaths for ages 0�14, increasing
to 22,146 for ages 85 or over. The highest number of excess deaths
was in the most deprived quintile (14,789) and the lowest in the least
deprived (10,770).

There were 104 excess deaths per 100,000 nationally, ranging
from 78 per 100,000 in the South West to 130 per 100,000 in West
Midlands; and from �1 per 100,000 in ages 0�14 to 1461 per
100,000 in ages 85 or over. Excess deaths per 100,000 population
ranged from 93 in the most affluent quintile to 124 in the most
deprived. Patterns were broadly similar to those for deaths caused
directly by COVID-19 or other respiratory causes, which comprised
the majority of excess deaths over the study period (Fig. 5).

Supplementary file Table 1 presents total observed deaths across
each category, and percentages of excess deaths in relation to these
totals.

4. Discussion

Compared with historical trends in the past 5 years, we estimate
that there were 62,321 excess deaths (104 per 100,000 population)
in England and Wales during the first 30 weeks of the COVID-19
pandemic. Of these, 46,221 (74.2%) were from respiratory causes,
including COVID-19. and 16,100 (25.8%) were from other causes.
There were marked regional variations in all cause excess deaths,
ranging from 78 per 100,000 in the South West to 130 per 100,000 in
the West Midlands, largely driven by deaths from COVID-19 infec-
tion. Regional and socioeconomic patterns in excess deaths differed
by cause; the highest numbers of excess deaths occurred in the most
deprived areas in England and Wales across all groups, but there was
no clear linear gradient for cardiovascular and diabetes or cancer
deaths.

4.1. Strengths and limitations

Our analysis provides a comprehensive picture of excess deaths
during the first 30 weeks of pandemic, including major causes both
related and unrelated to COVID-19 infection. This enabled us to esti-
mate the total impact of the pandemic on mortality, including
regional and socioeconomic patterns. There are some limitations to
our study. For deaths not referred for investigation and adjudication
by a coroner, data on cause of death rely on accurate reporting, diag-
nosis and recording by clinicians through the use of ICD-10 codes.
During a pandemic, assessing the contribution of COVID-19 to some
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deaths can be challenging [11]. We defined COVID-19 deaths as those
for which the underlying cause was attributed to COVID-19 on the
death certificate, and, inevitably, there will have been misclassifica-
tion, particularly in the early part of the pandemic when COVID-19
testing was not widespread and doctors’ awareness may have been
more limited [18,19]. This is also a problem for estimating deaths
caused indirectly by the pandemic, so in addition to excluding
COVID-19 deaths from the total excess deaths, we also excluded
other respiratory causes of death (the most likely source of ‘missed’
COVID-19 diagnoses). Furthermore, this approach enabled us to apply
data from earlier years to create a reference ‘baseline’, in the absence
of COVID-19 deaths occurring before 2020. Consequently, our esti-
mates of excess deaths that occurred as an indirect effect of the pan-
demic are unlikely to include substantial numbers of deaths caused
directly by COVID-19 infection, but they also do not include respira-
tory deaths not attributable to COVID-19. The aggregates of weekly
estimates included negative estimates (i.e. not set to zero), to allow
for more conservative estimates. Finally, time-lags for coronial ver-
dicts will have been long for many cases, particularly for external
causes such as accidents and suicides, and we are therefore unable to
determine excess deaths within these categories. We categorised
groups to minimise the impact of these time-lags, with the most
affected causes contributing to a single group along with those whose
causes remained undetermined (‘other indirect deaths’).

4.2. Clinical interpretation and implications of findings

There were an estimated 46,221 excess respiratory deaths in Eng-
land and Wales during the first 30 weeks of the COVID-19 pandemic
(77 deaths per 100,000 population). Pre-existing conditions like car-
diovascular disease and diabetes are known to increase susceptibility
to death from COVID-19 infection [20]. However, we found that mor-
tality rates for both of these conditions also increased in the absence
of a COVID-19 diagnosis, resulting in another 6887 excess deaths. We
have previously reported that the volume of hospital admissions
decreased, and overall mortality rates for acute coronary syndromes
and heart failure increased during the first and second COVID-19
waves, and that decreased elective capacity for treatment of time-
sensitive coronary artery disease interventions is also likely to have
contributed to excess cardiovascular mortality risk [7,21,22]. The
highest number of excess cardiovascular/diabetes deaths was
observed in the 85 or over age group; in addition to delays in seeking
care, misclassification of the underlying cause could explain this find-
ing, especially in the early stages of the pandemic. COVID-19 is
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known to have prothrombotic effects with increases in both arterial
and venous thromboembolic events [23] that can exacerbate existing
cardiovascular problems and lead to cardiovascular deaths. Further-
more, co-infection with COVID-19 increases the mortality of acute
cardiovascular conditions such as acute coronary syndromes and
stroke [24,25]. Worryingly, the age group with the second highest
number of excess cardiovascular/diabetes deaths (after those aged 85
or over) was those aged 45�65, a young population that would par-
ticularly benefit from early invasive treatment of conditions such as
acute coronary syndromes and critical valvular heart disease [26].
NHS guidance already states that patients with sudden onset chest
pain or severe symptoms suggestive of heart failure should seek
emergency medical help; and therefore reinforcing these messages
may help to prevent avoidable deaths. Similarly, the data on excess
diabetes-related deaths is of great concern. At this stage of the pan-
demic, it is important that people living with diabetes attend hospital
if they have symptoms suggesting life-threatening diabetes-related
emergencies such as hyperosmolar hyperglycaemic state or ketoaci-
dosis. As for cancer, the full impact of the lower screening rates,
delays in chemo- and radiation therapy due to the pandemic, and
deaths from thrombotic events related to COVID-19 in combination
with cancer will not be known until years from now [13]. The large
excess in care homes and private homes has previously been
reported and it reflects discharge and admission policies that were
affected by the pandemic, especially during the first wave [27].

There were a further 1668 excess cancer deaths (3 per 100,000
population) and 7056 excess deaths from all other causes (12 per
100,000 population). These excesses are largely the result of spikes
occurring during the first wave of COVID-19, suggesting that COVID-
19 infection may have been directly involved in many of these excess
deaths. By definition the ‘other’ cause of death category is very broad
and varies in composition by age. Overall, dementia is by far the larg-
est contributor to ‘other’ causes of death, and was associated with a
quarter of COVID-19 deaths during the first wave [28]. Whether diag-
nosed or not, COVID-19 will have hastened the death of many people
approaching the end of life and who, under normal circumstances,
may have died later of a pre-existing disease. This is likely to explain
much of the negative ‘excess’ in cancer and other indirect causes of
death observed over the summer months, when direct COVID-19
deaths were subsiding. Some of the reduction may also be explained
by reduced risk of dying from road traffic accidents, other accidents
and injuries as a result of lockdown restrictions. However, although
lockdowns reduced the volume of road traffic and the frequency of
minor collisions in most areas, rates of fatal road traffic accidents did
not necessarily fall in all areas [29]. Early evidence indicated a
marked deterioration in population mental health in the UK during
the first COVID-19 wave [30], leading to predictions of an increase in
suicide rates. Expedited analysis of ‘probable suicide’ cases indicates
that suicide risk did not, in fact, rise between the Spring and Autumn
of 2020 in the UK [31], and other high-income western countries,
although rates did rise in Japan [32].

Geographic variations in death are expected during a pandemic.
Over the first 30 weeks of the pandemic, the highest excess mortality
rates in England and Wales were in the West Midlands, the North
East, and the North West. Although these are not bordering regions,
they are well-connected with the capital and include some of the
most deprived areas in England. Geographic variation also reflects:
population susceptibility, in terms of age and pre-existing disease;
local factors such as housing density, transport infrastructure and air
quality; concentration of ‘essential’ workplaces such as factories and
warehouses (some without appropriate infection prevention practi-
ces and protective equipment); a population’s occupational mix and
ability and willingness to engage in public health measures such as
social distancing; and the capacity and quality of local public health,
social and healthcare services. Socioeconomic factors are a key driver
of regional variation in mortality rates but, whilst there was a clear
socioeconomic gradient in COVID-19 and ‘other’ indirect deaths, no
such gradient was evident for cardiovascular disease, diabetes and
cancer deaths. The absence of the usual association between socio-
economic status and excess mortality from these conditions may
reflect higher mortality from COVID-19 among more vulnerable pop-
ulations being concentrated in more deprived areas during the study
period. It is important to note, however, that underlying the trends in
excess deaths are baseline mortality rates that retain strong socioeco-
nomic gradients, including those usually seen for cardiovascular and
associated diseases as well as cancer.

5. Conclusion

Our models demonstrate that the COVID-19 pandemic has caused
many more deaths than would have been expected during the same
time-period for all causes examined. Our findings are in agreement
with research conducted in the US, Italy, Brazil and Germany, with
similar age patterns in excess deaths, increases in cardiovascular
deaths, and greater volume excess deaths in more deprived popula-
tions [33�36]. For England and Wales, these deaths were not evenly
distributed across the population, with rates varying markedly by
region, and between deprived and less deprived neighbourhoods.
This suggests that future plans to manage the pandemic, including
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decisions about current and future phases of vaccination roll-out,
should include understanding of regional and socioeconomic varia-
tion and how this has exacerbated long-standing health inequalities.
This has been recognised in strategies developed by organisations
including NHS England [37], and the British Medical Association [38],
which emphasise the need to address both immediate public health
imperatives (for example, ensuring equitable access to vaccines,
improving health literacy and trust in disadvantaged groups [39])
and the longer-term consequences of the national pandemic
response (for example, restoring routine services equitably and miti-
gating the social and economic impacts of social distancing restric-
tions). However, this response needs to be sustained and to address
the underlying health inequalities that placed certain groups at
greater risk during the pandemic, using both public health measures
(for example, restoring local public health infrastructures) and
wider socioeconomic interventions (for example, reducing income
insecurity).

Geographic inequalities in health, driven by differences in social
conditions and physical infrastructure, were already increasing in
England & Wales prior to the pandemic [40,41]. Immediate and
longer-term recovery planning for communities and their health and
social services should reflect these historical disparities as well as the
COVID-19 related patterns described in this study. Future studies
could usefully extend our analyses to other causes of death and to
COVID-19 related morbidity, providing further information to inform
a targeted social and public health response.
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