S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Health & Place 78 (2022) 102933

ELSEVIER

Contents lists available at ScienceDirect
Health and Place

journal homepage: www.elsevier.com/locate/healthplace

HEALTH
& PLACE

COVID-19 and deprivation amplification: An ecological study of
geographical inequalities in mortality in England

Luke Munford ?, Sam Khavandi?®, Clare Bambra ™"

@ Health Organisation, Policy and Economics Research Team, School of Health Sciences, University of Manchester, UK and NIHR Applied Research Collaboration Greater

Manchester ARC-GM, United Kingdom

b population Health Sciences Institute, Newcastle University, UK and NIHR Applied Research Collaboration North East and North Cumbria ARC-NENC, United Kingdom

ARTICLE INFO ABSTRACT

Keywords:

Health inequalities
COVID-19

Place

Deprivation
Syndemic

‘Deprivation amplification’ is used to understand the relationship between deprivation, scale and COVID-19
mortality rates. We found that more deprived Middle Super Output Areas (MSOAs) in the more deprived
northern regions suffered greater COVID-19 mortality rates. Across England, the most deprived 20% of MSOAs
had higher mortality than the least deprived (44.1% more COVID-19 deaths/10,000). However, the most
deprived MSOAs in the north fared worse than equally deprived areas in the rest of England (14.5% more deaths/

10,000, beta = 0.136, p < 0.01). There was also strong evidence of spatial clustering and spill-overs. We discuss
these findings in relation to ‘deprivation amplification’, the ‘syndemic pandemic’, and the health and place

literature.

1. Background

Socio-economic and ethnic inequalities in case, hospitalisation and
mortality rates from COVID-19 have been demonstrated across many
countries (Bambra et al., 2020a, 2021). This emergent - but already
fairly extensive international literature - has found that people of lower
socio-economic status (SES) have mortality rates more than double those
of higher SES (Barcelo and Saez, 2021). Inequalities between different
ethnic groups have been particularly high, whereby people of Black,
Asian and Minority Ethnic backgrounds have suffered a higher burden of
disease and a much higher death rate from COVID-19 than their white
counterparts (Public Health England, 2020; Katikireddi et al., 2021;
Nazroo and Becares, 2020).

Geographical inequalities in COVID-19 have also been extensively
studied (Welsh et al., 2021; McGowan and Bambra, 2022) and research
in various global contexts has found that the more economically and
socially deprived neighbourhoods, municipalities and regions have
fared worse (Bambra et al., 2020b; Welsh et al., 2021; Chen and Krieger,
2021; Morrissey et al., 2021; McGowan and Bambra, 2022). For
example, research in the USA found that the most deprived counties
suffered up to twice the mortality rates of the least deprived counties in
the first wave (Chen and Krieger, 2021). Similarly, in England, research

found that deprivation was highly associated with COVID-19 cases
(Morrissey et al., 2021) and that more deprived local authorities started
recording COVID-19 deaths earlier and saw faster increases in their
death rates than more affluent areas (Welsh et al., 2021). Research into
regional inequalities has found that COVID death rates were much
higher in the three Northern regions of England during the first year of
the pandemic (Munford et al., 2021).

These geographical inequalities in the COVID-19 pandemic have
been explained through the syndemic pandemic concept. A syndemic
describes ‘a set of closely intertwined and mutual enhancing health
problems that significantly affect the overall health status of a
population within the context of a perpetuating configuration of
noxious social conditions’ (Singer, 2000). Deprivation - which is a
measure of the social determinants of health — results in multiple,
interacting and additive adverse risk factors for COVID-19 mortality
(Bambra et al., 2020a). Bambra et al. (2020a) use this framing to outline
five potential pathways leading to unequal pandemics: unequal expo-
sure (resulting from less ability to shield from infection in more deprived
areas); unequal transmission (increased risk of community spread
infection for people living in more deprived areas); unequal vulnera-
bility (increased risk of mortality from the higher burden of
non-communicable diseases in deprived areas); unequal susceptibility
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(increased risk of more severe disease for people in deprived areas); and
unequal treatment (inequalities in access to — and uptake of - health care
treatment and preventative services e.g. vaccines) (Bambra et al., 2020a;
Bambra et al., 2021b; Todd and Bambra, 2021).

However, geographical research has examined either neighbour-
hood-, municipality- or regional-level inequalities (McGowan and
Bambra, 2022). There has been little exploration of the potential in-
teractions between these different geographical scales in terms of
shaping inequalities in the pandemic (notable exceptions include Grif-
fith et al., 2021 in relation to the first wave of 2020 and Harris, and
Brunsdon, 2021 in relation to the relative exposure of ethnic minority
communities). The concept of deprivation amplification is potentially
relevant to thinking about such influences. The deprivation amplifica-
tion theory draws on the wider health geography literature on health
and place - particularly the context-composition-relational debate (Cum-
mins et al., 2007; Bambra, 2016). The compositional view argues that
the socio-demographic characteristics of who lives in a place determines
its health outcomes (Bambra, 2016). The contextual approach highlights
that it is what a place is like (the economic, social, and physical envi-
ronments) that matters for the health of its residents (ibid.). Composi-
tional and contextual aspects of place interact relationally (Macintyre
et al., 2002): the characteristics of individuals are influenced by the
characteristics of the area (Cummins et al., 2007) with places consti-
tuting socio-material assemblages of human and non-human material-
ities (Powell et al., 2020; Fox and Powell, 2021). The literature on health
and place has also begun to consider the influence of macro-level po-
litical, economic and institutional factors (Bambra et al., 2019).

Engaging with this debate, the deprivation amplification hypothesis
asserts that the negative health effects of individual-level low socio-
economic status (SES) (composition) are amplified (relational) for
those living in more deprived areas (context) (Macintrye et al., 1993). In
the literature, this concept has largely been applied to examining
whether differential access to resources (context) between local areas
impacts on the relationship between low SES (compositional) and health
(Macintyre et al., 2008). Most notably this work has examined whether
individual-level SES inequalities in physical activity are compounded by
area-level characteristics (Macintyre, 2007; Schneider et al., 2019). In
this regard, the concept of deprivation amplification has been subject to
some debate. For example, some studies have found support for the
thesis — that individual SES inequalities in physical activity are higher in
more deprived areas (Macintyre et al., 2008) whilst others have not
(Macintyre, 2007; Schneider et al., 2019). However, beyond the
contextual effects literature, deprivation amplification has seldom been
used to explore interactions between different scales of place — for
example by examining differences in the health profiles of more
deprived neighbourhoods or local authorities within more - or less -
deprived regions.

There are well established and longstanding regional inequalities in
health in England (Bambra, 2016). In the mid-19th century, life ex-
pectancies in Northern cities were four years lower than in southern
cities (Szreter and Mooney, 1998), and today, there is a two-year dif-
ference in average life expectancy between the three Northern regions
(North East, North West and Yorkshire and Humber) and the rest of
England (Public Health England, 2019). People in the North consistently
have higher mortality rates and lower life expectancy than those in the
south - across all socio-economic groups, all ages and amongst both men
and women (Bambra et al., 2014). Premature death rates are now 20%
higher for those living in the North and since 1965 this amounts to over
1.5 million Northerners dying before their southern counterparts
(Hacking, 2011). Socio-economic inequalities in health are also larger in
the North (Doran et al., 2004). England’s regional health inequalities are
amongst the largest in Europe (Bambra et al., 2014) and there is also
evidence that they are increasing - particularly amongst younger adults
(Kontopantelis et al., 2018). Life expectancy in deprived southern local
authorities is also higher than in similarly deprived Northern areas —
suggesting a process of regional deprivation amplification (Whitehead
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et al., 2014). Much of this North-South health divide arises because the
three Northern regions are more deprived than the other regions of
England (Whitehead et al., 2014; Bambra 2016).

No study has investigated deprivation amplification in the context of
the COVID-19 pandemic. We set out to ‘test’ the ‘deprivation amplifi-
cation’ hypothesis and examine whether — or not - COVID-19 mortality
rates by deprivation differ by region in England. To do this, the study
uses Middle Super Output Area (MSOA) level COVID-19 mortality data
from England - stratified by MSOA deprivation and by English Gov-
ernment Office Region. Specifically, it examines whether more deprived
MSOAs (the bottom quintile) in the more deprived Northern regions
suffered greater COVID-19 mortality rates during the first fourteen
months of the pandemic (between March 2020 and April 2021) than
those in less deprived regions (‘the South’). As COVID-19 is an infectious
disease, the analysis also uses spatial-lag models to examine whether the
COVID-19 mortality rate and level of deprivation in neighbouring
MSOAs had any impact (or ‘spill-over’ effects) on COVID-19 mortality
rates of each nearby MSOA.

2. Methods
2.1. Research Question

1. Were there regional inequalities in COVID-19 mortality rates across
the nine regions of England? In particular, was there a North/South
divide in COVID-19 mortality rates?

2. Did more deprived areas (MSOAs) do worse across the country? Or
did deprived areas in the North do worse than deprived areas in the
South?

3. Is the level of COVID-19 mortality in an MSOA affected by the
COVID-19 mortality rate and the level of deprivation in neighbour-
ing (or contiguous) MSOAs?

2.2. Data

To answer the above research questions, we combined data at Middle
Super Output Area (MSOA)-level on mortality attributable to COVID-19,
the age structure, the ethnicity structure, and the level of deprivation.

Super output areas are artificial statistical geographical units created
by the Office for National Statistics to improve and harmonise analysis
(ONS, 2011). They are based on the 2011 Census. There are three types —
output areas (OAs), lower super output areas (LSOAs) and middle super
output areas (MSOAs). OAs are based on postcodes and the majority of
OAs (79.6%) contain between 110 and 139 households. OAs are then
used to form LSOAs which range from 400 to 1200 households. MSOAs
are in turn created by combining between four and six LSOAs on
average. MSOAs contain a minimum of 5000 and a maximum of 15000
people and a minimum of 2000 and a maximum of 6000 households. We
used MSOAs because this is the smallest geographical scale at which
COVID-19 mortality data is publicly available.

Mortality attributable to COVID-19 were available from the Office
for National Statistics (ONS, 2021). Data were recorded as counts of
deaths in the 14-month period from March 2020 to April 2021.
Age-standardised mortality rates were not provided at MSOA-level and
so we constructed the mortality rate per 10,000 population by dividing
the total count of deaths attributable to COVID-19 by the 2019 popu-
lation estimate and multiplying by 10,000. The ONS classified deaths
directly attributable to COVID-19 if COVID-19 was the underlying
(main) cause of death. This classification would exclude some deaths
where the underlying cause was not COVID-19 but COVID-19 was
mentioned on the death certificate as a contributory cause of death. Data
on MSOA population estimates were reported by the ONS. We used the
(natural) logarithm of the COVID-19 mortality rate per 10,000 popula-
tion as the raw data were not normally distributed.

Given the association between increasing age and increasing mor-
tality — especially for COVID-19 deaths, we additionally obtained
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information on the age structure (in bands ranging from 0 to 4 years-90
years and over) from the 2011 Census. Likewise, as various studies have
shown a strong association between ethnicity and increased risk of
COVID-19 mortality, we also included the ethnicity structure. We used
the Office of National Statistics’ five broad Census categories: White and
White British (English, Welsh, Scottish, Northern Irish or British Irish,
Gypsy or Irish Traveller, Roma, Any other White background), Black and
Black British (Caribbean, African, Any other Black, Black British, or
Caribbean background), Asian and Asian British (Indian, Pakistani,
Bangladeshi, Chinese, Any other Asian background), people with a
Mixed ethnicity (White and Black Caribbean, White and Black African,
White and Asian, Any other Mixed or multiple ethnic background), and
Other (Arab, Any other ethnic group) for areas from the 2011 Census.
We did this because whilst it is possible to obtain more granular
ethnicity data, many cells are ‘suppressed’ due to small numbers of
observations in some MSOAs. We therefore used the five-category
definition of ethnicity so as not to encounter statistical problems asso-
ciated with missing, or censored, data. In each case, the data indicate the
percentage of the MSOA population that belong to each category. We
use data from the 2011 Census as it is the most complete and does not
rely on statistical modelling (age data for non-Census years). Ethnicity
data at MSOA-level is not modelled, and is only available in Census
years. Ethnicity data are available at larger geographies (such as local
authorities), but that is too large for use here.

As urban-rural differences in mortality are often significant (Con-
gdon, 2021), we additionally obtained information of the rural-
ity/urbanity of each MSOA using data from the ONS. Each MSOA is
assigned to one of eight categories which we condensed to five: 1) Rural
town and fringe (including ‘in a sparse area’), 2) Rural village and
dispersed areas (including ‘in a sparse area’), 3) Urban cities and towns
(including ‘in a sparse area’), 4) Urban major conurbations, and 5)
Urban minor conurbations. For categories 1 3) we combined the ‘main’
category with the additional ‘in a sparse area’ as the latter often had very
few MSOAs in. However, the main results are robust to keeping all eight
categories.

Finally, deprivation was assessed using the 2019 version of the Index
of Multiple Deprivation (IMD) obtained for each MSOA from https
://research.mysociety.org/sites/imd2019/about/. IMD is the most
commonly used measure of area-level deprivation in England. It pro-
duces a ranking of areas in England based on relative local scores for:
income, employment, health, education, crime, access to services and
living environment (DCLG, 2019). To obtain MSOA scores and ranks
from data available at LSOA level, population weighted average score of
LSOAs within each MSOA were calculated. Each MSOA was then ranked
from 1 (most deprived) to 6791 (least deprived). For ease, we split
deprivation into five quintiles ranging from 1 (least deprived 20% of
MSOAs) to 5 (most deprived 20% of MSOAs).

2.3. Analysis

We started by summarising the variables for the 6791 MSOAs in
England. We additionally summarised the variables according to
whether the MSOA was in the North of England (defined as the North
East, the North West, or Yorkshire and the Humber) or the rest of En-
gland (defined as East Midlands, West Midlands, East of England, South
East, South West, or London). We present graphs of the average MSOA
COVID-19 mortality rate (per 10,000 population) by region. We then
present a graph showing the COVID-19 mortality rate by North/rest of
England and deprivation quintile, including confidence intervals. The
95% confidence interval is calculated by applying the formula mean +
1.96 x s.e, where s.e. is the standard error of the mean.

To examine if there was a difference in COVID-19 mortality rates
after accounting for possible confounding factors (age, ethnicity, ur-
banity and deprivation) between the North and the rest of England we
estimated a multivariate linear regression model:
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Ym = pNorth,, +yX,, + 6IMD,, + e, @

In this set-up, y refers to (the natural logarithm of the) COVID-19
mortality rates per 10,000. North is a binary indicator equal to one if
an MSOA is in the North of England and equal to zero if an MSOA is in
the rest of England. X is a vector containing information relating to the
% of each MSOA’s population in each age band and each ethnicity group
as well as information on the urban/rural status of the MSOA. These
variables are included separately and are also interacted with the North
dummy variable to allow for interaction effects. IMD is a series of four
indicators relating to each IMD quintile (the first — least deprived —is the
reference category). Again, these IMD indicator variables are included
on their own but are also interacted with the North dummy variable to
allow for differential effects of deprivation in the two areas considered.
The error term e is assumed to be normally distributed and i.i.d. This is
shown to hold true when we use the logged outcome. Subscript m refers
to MSOAm =1, 2, ..., 6791.

Because we have taken the natural logarithm of the dependent var-
iable, and our main exposure (North) is a binary variable, we need to
interpret the ‘excess’ Northern mortality in percentage terms. We do this
by applying the formula 100 x (e — 1), where $ is the parameter on
North. In Tables, we present the raw coefficients. However, we also
provide the percentage interpretation for key parameters in the
accompanying text.

However, the multivariate linear regression models ignore the pos-
sibility of spatial-dependencies that might exist between neighbouring
MSOAs. We therefore allowed for this possibility to estimating spatial
lag models of the form:

Ym :ﬁNOﬂhm + me +oIMD,, + PWonyn + AW, IMD, + u,,; 2)

where up, = eWnalln + i,

In this spatial model, subscript n#m refers to the neighbouring
MSOAs of MSOA m. The error term u includes a spatially correlated
component (up; i.e. the error term of neighbouring MSOAs) and an
orthogonal component y,,. The term ¢ models the spatial error auto-
correlation structure. The coefficients of interest can be consistently
estimated using a generalised two-stage least squares approach. The
defining feature of the above model is the square ‘spatial weights’ matrix
W. Here, W is specified as a contiguity matrix, such that the element in
the m-n'™ position, wp;,, takes the value 1 if MSOAs m and n have a
common border and 0 otherwise. We specify Queen’s criteria for
defining contiguity, although the results are robust to Rook’s criteria.

The set-up above contains three spatial elements. First, it allows the
mortality rates of neighbouring MSOAs to affect the mortality rate of
each MSOA, captured by the pW,, ,y, term. Second, it allows the level of
deprivation in neighbouring MSOAs to affect the mortality rate of each
MSOA, captured by the AW, ,IMD, term. Finally, it allows there to be
correlated ‘shocks’ that are experienced by neighbouring MSOAs,
captured by the eW,, ,u, component of the error term.

Our spatial model assumes that there exists spatial dependencies.
This assumption does not only affect the estimation of the model, but
also the interpretation of the coefficients. The model produces Average
Direct Effects (the average across all MSOAs in the sample of the [“own”]
effect of the IMD quintile in MSOA m on the COVID-19 mortality in the
same MSOA m, including the potential feedback effect from neigh-
bouring MSOAs which are affected by the level of COVID-19 mortality in
MSOA m); Average Indirect Effect (the average across all MSOAs in the
sample of the effect on COVID-19 mortality for MSOA m resulting from
other MSOAs n # m, indirectly affecting COVID-19 mortality in MSOA m
as a result of spatial dependencies through shared borders); and the
Average Total Effect (the sum of the two above [Average Direct Effect +
Average Indirect Effect]). We outline how each is defined in Appendix A.

To test whether it is necessary to perform a spatial analysis, we
calculate Moran’s I:


https://research.mysociety.org/sites/imd2019/about/
https://research.mysociety.org/sites/imd2019/about/

L. Munford et al.

M=
M=

Won (= 3) (9 = 3)

n=1

~
Il
tlz
3
I

i (ym - y)z

m=1

where N (=6971) is the number of MSOAs indexed by m and n. y is the
(logged) outcome from unit m or n and y is the mean of the (logged)
outcome across all units. W is the contiguity matrix as defined above,
and S is the sum of all possible weights matrices for all m and n. The
expected value of I under the null hypothesis of no spatial autocorrela-
tion is E[I] = ;4. The test has been widely used to test for the existence
of spatial autocorrelation (Francetic and Munford, 2021). We further
implement the test suggested by Hepple (1998) for use on regression
residuals and the test statistics, and outcomes, are qualitatively very
similar.

3. Results

Descriptive statistics for key variables are shown in Table 1. The
crude average COVID-19 mortality rate in the fourteen-month period
between March 2020 and April 2021 in England was 21.43 per 10,000
(95% C.1.: 21.16 to 21.70). Note that this rate is not age standardised and
it is the total rate, not an annual approximation. The average COVID-19
mortality rate was 3.25 deaths per 10,000 higher in the North than in the
rest of England (95% C.L.: 2.65 to 3.84); 23.74 (95% C.1.: 23.25 to 24.23)
vs. 20.49 (95% C.I.: 20.17 to 20.81) per 10,000. Regional COVID-19
mortality rates are shown in Fig. 1 (panel (a)). The North West had
the highest COVID-19 mortality rate (25.5 per 10,000) and the North
East had the second highest (24.2 per 10,000). These are both nearly
double the COVID-19 mortality rate in the South West (13.4 per 10,000).
Panel (b) of Fig. 1 shows the COVID-19 mortality rate by IMD quintile.
The most deprived 20% of areas had higher crude mortality rates (24.5
per 10,000) than the least deprived 20% of areas (19.7 per 10,000).

The North is less ethnically diverse than the rest of England, where
91.3% of the population are White, compared to 84.4% in the rest of
England. In the North, Black, Asian and Mixed ethnic groups make up
1.20%, 5.52% and 1.43%, respectively, compared to 4.09%, 7.95% and
2.49% in the rest of England.

There is more deprivation is the North of England than in the rest of
England. 34% of the MSOAs in the North are in the most deprived
quintile, compared to 14% in the rest of England. Accordingly, 14% of
the MSOAs in the North are in the least derived (or most affluent)
quintile, compared to 22% in the rest of England.

From Fig. 2 and Table 2, it can be seen MSOAs in the most deprived
quintile in the North had higher crude COVID-19 mortality rates than
MSOAs in the most deprived quintile in the rest of England, and that this
difference was statistically significant (represented by non-overlapping
confidence intervals). This is true for quintiles 2, 3, and 4 too.
Although MSOAs in the least deprived quintile in the North had higher
COVID-19 mortality rates than MSOAs in the least deprived quintile in
the rest of England, this difference was not statistically significant.
Similar data is presented for all regions in Appendix B.

Table 3 reports the estimated coefficients from linear models
(Equation (1)) where we add in covariates sequentially. From the simple
adjusted linear model (column 1), it can be seen that unadjusted COVID-
19 mortality rates were higher in the North (beta = 0.198 equivalent to
21.5% higher; p < 0.001). When information on the age structure and
ethnic composition of the MSOA was included, the main effect of North
increased to beta = 0.396, or 48.5% more deaths per 10,000 (p < 0.001).
MSOAs with larger percentages of Asian/British Asian and Black
(including African, Caribbean, and Black British) populations experi-
enced higher mortality rates. The age effects are as expected but omitted
from the tables due to brevity.

In column 3, we add in urbanity (and its interaction with North). In
this specification MSOAs in the North has higher mortality of around
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Table 1
Summary statistics; pooled and by North/Rest of England.

Variable England (N = North (N = 1956) Rest of England (N
6791) = 4835)
Mean/% Std. Mean/% Std. Mean/% Std.
[95% C. dev. [95% C. dev. [95% C. dev.
1] 1] 1]
COVID-19 21.43 11.36 23.74 11.08 20.49 11.34
mortality [21.16 to [23.25 to [20.17 to
rate (per 21.70] 24.23] 20.81]
10,000)
% in age band (in years)
Age Oto 4 6.20 1.67 6.06 1.66 6.26 1.68
Age5to7 3.43 0.78 3.39 0.79 3.45 0.78
Age 8to 9 2.15 0.48 213 0.48 2.17 0.48
Age 10 to 14 5.82 1.16 5.79 1.09 5.83 1.19
Age 15 1.23 0.29 1.24 0.26 1.23 0.30
Age 16 to 17 2.49 0.55 2.50 0.46 2.48 0.58
Age 18 to 19 2.54 1.77 2.71 2.06 2.47 1.64
Age 20 to 24 6.60 4.25 6.85 5.13 6.51 3.83
Age 25 to 29 6.74 3.09 6.46 2.60 6.85 3.26
Age 30 to 44 20.49 3.86 19.56 2.66 20.87 4.20
Age 45 to 59 19.58 3.20 20.05 3.29 19.39 3.15
Age 60 to 64 6.09 1.84 6.33 1.67 5.99 1.89
Age 65 to 74 8.75 2.99 9.04 2.66 8.64 3.10
Age 75 to 84 5.62 2.10 5.74 1.83 5.58 2.19
Age 85 to 89 1.49 0.68 1.44 0.55 1.51 0.73
Age 90 and 0.77 0.44 0.71 0.35 0.80 0.47
over
% in ethnicity group
White 86.34 18.00 91.26 1413  84.35 18.99
Mixed 2.18 1.77 1.43 1.19 2.49 1.87
Asian 7.25 12.06  5.52 11.53  7.95 12.19
Black 3.26 6.32 1.20 2.71 4.09 7.12
Other 0.97 1.64 0.60 1.20 1.12 1.76
Urban/Rural
Rural town 8.95% 8.54% 9.12%
and fringe
Rural village 8.60% 5.01% 10.05%
and
dispersed
Urban city and ~ 43.45% 32.98% 47.69%
town
Urban major 35.33% 45.96% 31.02%
conurbation
Urban minor 3.67% 7.52% 2.11%
conurbation
% in IMD quintile
5 (most 20% 34% 14%
deprived)
4 20% 21% 20%
3 20% 16% 22%
2 20% 15% 22%
1 (least 20% 14% 22%
deprived)

Notes: The crude regional mortality rate is the population-weighted average of each
MSOA within that region. Each MSOA’s mortality rate is defined as the total number
of deaths between March 2020 and April 2021 divided by the population estimate
from 2019, expressed per-10,000 population. The mortality rates are not age-
standardised. In addition, they are 14-month totals, not annual approximations.
The North is defined as the North East, North West, and Yorkshire and the Humber.
The rest of England is the remaining six regions of England. The 95% confidence
interval is calculated by applying the formula mean + 1.96 X s.e, where s.e. is the
standard error of the mean.

34.4% (beta = 0.296, p < 0.001). Urban areas tended to have higher
COVID-19 mortality and there was very little evidence of differential
effects of urbanity between the North and rest of England.

Finally, in column (4) we present the full model where we addi-
tionally account for deprivation and its interaction with North. Northern
MSOAs had 23.1% more deaths per 10,000 (beta = 0.208, p < 0.001)
even after accounting for age, ethnicity, and deprivation. COVID-19
mortality rates exhibited a monotonic relationship with deprivation (i.
e. more deprived areas had higher mortality rates than areas with less
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Fig. 1. Crude COVID-19 mortality rates, by region
(panel (a)) and deprivation quintile (panel (b)).
Notes: The crude regional mortality rate is the
population-weighted average of each MSOA within that
region. Each MSOA’s mortality rate is defined as the total
number of deaths between March 2020 and April 2021
divided by the population estimate from 2019, expressed
per-10,000 population. The mortality rates are not age-
standardised. In addition, they are 14-month totals, not
annual approximations.

f T T T
10 15

Panel (b): By IMD quintile

5 (most deprived)

1 (least deprived)

T
20 25

5
Covid-19 mortality rates, per-10,000

0 5 10 15

T
20 25

Covid-19 mortality rates, per-10,000

deprivation, and each quintile had higher mortality than the one
immediately below it). The most deprived quintile of MSOAs experi-
encing 44.1% more COVID-19 deaths per 10,000 population that the
least deprived MSOAs (beta = 0.365, p < 0.001). MSOAs in quintiles one
to four in the North had similar mortality to the equivalently deprived
MSOAs in the rest of England. However, MSOAs in the most deprived
quintile in the North had an additional 14.5% higher mortality than the
most deprived MSOAs in the rest of England (beta = 0.136, p < 0.01).

After accounting for the age and ethnicity structure of MSOAs,

deprived MSOAs in the North still have higher average COVID-19
mortality than in the rest of England (Fig. 3). The most deprived
MSOAs in the North had a conditional mean of 26.01 deaths per 10,000
(95% C.I.: 24.60 to 27.42) compared to 22.98 deaths per 10,000 (95% C.
I.: 21.80 to 24.16) in deprived MSOAs in the rest of England.

To test for the existence of spatial correlation in the regression re-
sidual from the simple linear model (Equation (1), column 4 of Table 3),
we implemented the Stata command to calculate Moran’s I. Under the
null-hypothesis, there is no spatial correlation in the residuals/error
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Fig. 2. Crude COVID-19 mortality rate by IMD quintiles: North vs. the rest of
England.

Notes: The mortality rate is the population-weighted average of each MSOA within
that part of England within that IMD quintile. Each MSOA's mortality rate is defined
as the total number of deaths between March 2020 and April 2021 divided by the
population estimate from 2019, expressed per-10,000 population. The mortality
rates are not age-standardised. In addition, they are 14-month totals, not annual
approximations. The 95% confidence interval is calculated by applying the formula
mean + 1.96 x s.e, where s.e. is the standard error of the mean.

Table 2
Crude COVID-19 mortality rate by IMD quintiles: North vs. the rest of
England.

Mean rate 95% CI

The North

5 (most deprived) 26.01 25.18 to 26.84
4 23.58 22.40 to 24.75
3 22.96 21.81 to 24.12
2 21.95 20.80 to 23.10

1 (least deprived) 21.22 19.93 to 22.51

Rest of England

5 (most deprived) 22.98 22.13 to 23.83
4 21.20 20.48 to 21.91
3 20.00 19.31 to 20.70
2 19.93 19.27 to 20.60

1 (least deprived) 19.33 18.67 to 20.00

Notes: The mortality rate is the population-weighted average of each MSOA within
that part of England within that IMD quintile. Each MSOA’s mortality rate is defined
as the total number of deaths between March 2020 and April 2021 divided by the
population estimate from 2019, expressed per-10,000 population. The mortality rates
are not age-standardised. In addition, they are 14-month totals, not annual ap-
proximations. The 95% confidence interval is calculated by applying the formula
mean + 1.96 x s.e, where s.e. is the standard error of the mean.

terms the test statistic is distributed as y?(1). The test statistic is 1302.60
(p<<0.001). Hence, Moran’s I strongly rejects the null-hypothesis of
homoscedastic error terms and strongly indicates that there is substan-
tial spatial correlation in the error terms, indicating the spatial model is
preferred.

Figures C.1 and C.2 (in Appendix C) show maps of IMD quintiles and
COVID-19 mortality rates, respectively. These provide further graphical
evidence that (i) deprivation and higher mortality rates are more
concentrated in the North and (ii) there are strong spatial clusters, where
‘hot spots’ of high deprivation and high mortality rates are geographi-
cally clustered.

Table 4 reports the coefficients from the model that explicitly allows
for the spatial lag terms (Equation (2)). Here, we present both the esti-
mated coefficient as well as the average direct effect, the average
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indirect effect, and the average total effect (see Appendix A).

The full spatial model confirms that MSOAs in the North were more
likely to have higher COVID-19 mortality rates, and the size of the dif-
ference is larger than that reported in the linear model (column (4) of
Table 3). Here, the North experienced 49.5% more deaths than the rest
of the country (beta = 0.402; p < 0.001). There again exists a monotonic
relationship in the coefficients of deprivation. However, when we break
this down into average direct and average indirect effects, it appears that
this is being driven by the average direct effect, especially for MSOAs in
quintiles 2 and 3. However, there is strong evidence of both direct and
indirect effects in the most deprived quintile. In the most deprived
quintile (relative to the least deprived), the direct effect is an additional
40.6% deaths per-10,000 (beta = 0.341, p < 0.001) and the indirect
effect is an additional 8.8% more deaths per-10,000 (beta = 0.084, p =
0.056), resulting in an overall total effect of 52.9% more deaths per
10,000 (beta = 0.425, p < 0.001).

The spatial lags on the dependent variable and the error term are
strongly statistically significant adding further justification to the use of
spatial models. The spatial lags on the IMD terms are not interpretable in
their current form, and hence we compare direct and indirect effects (see
above and Appendix A). The spatial lag on the outcome (beta = 0.070, p
< 0.001) indicates that one additional death per 10,000 population in a
neighbouring areas leads to 7.3% higher mortality rate in the area under
consideration.

4. Discussion

We found strong evidence of the unequal effects of the pandemic. On
average, regions in the North of England were much more likely to have
higher COVID-19 mortality rates. We also showed that more deprived
areas were considerably likely to have higher mortality than less
deprived areas. Crucially, we have found that there were regional dif-
ferences in the effects of deprivation. On average, deprived areas in the
North fared worse than equally deprived areas in the rest of England.
Our results also show that the higher COVID-19 mortality rates in the
North persisted after adjusting for other possible confounding factors
(age, urbanity and ethnicity). There was strong evidence of spatial
clusters of increased mortality, and hence models that could account for
this were preferred. The COVID-19 mortality rate of neighbouring areas
had an effect on the mortality in each surrounding area, as did the level
of deprivation in neighbouring areas. Given that deprivation is more
prevalent in the North, this could in part explain the higher COVID-19
mortality rates there.

This is the first application of the deprivation amplification concept
to the COVID-19 pandemic and our results suggest that there is poten-
tially a deprivation amplification effect in regards to geographical in-
equalities in COVID-19 mortality rates. This takes two forms: firstly,
deprived areas in the more deprived Northern regions had higher mor-
tality rates than equally deprived areas in the less deprived regions in
the rest of England; and secondly, some of the excess COVID-19 deaths
in deprived areas in the North are associated with the deprivation rates
of neighbouring areas. Together, this suggests empirically that it is not
just the immediate neighbourhood context that matters for population
health outcomes but also the wider regional and neighbouring contexts.
This is a key aspect of deprivation amplification theory and so our results
support the further use of this concept in geographical research.

As noted in the introduction, the broader relationship between
deprivation and COVID-19 mortality has been previously explained
through the syndemic pandemic concept (Bambra et al., 2020a; Bambra
et al., 2021b). This has suggested that deprivation results in multiple,
interacting and additive adverse risk factors for COVID-19 mortality
(Bambra et al., 2020b), acting through five pathways (unequal exposure;
unequal transmission; unequal vulnerability; unequal susceptibility; and
unequal treatment) (Bambra et al., 2020a; Bambra et al., 2021b; Todd
and Bambra, 2021; McGowan and Bambra, 2022). Our results suggest
that the deprivation amplification concept can also be added to our
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Table 3
The effect of region (North) and deprivation on COVID-19 mortality rates (unadjusted and adjusted).
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@®

(@)
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@

Outcome: natural logarithm of COVID-19 mortality rates per 10,000; March 2020

to April 2021

b (95% CI)

b (95% CI)

b (95% CI)

b (95% CI)

MSOA is in the North 0.198%%*

(0.166-0.229)
Age categories included ?
% of population who are white (reference category)
% of the population who are multiple/mixed ethnic groups
% of the population who are Asian/British Asian

% of the population who are Black/African/Caribbean/Black British
% of the population who are other ethnicities

% of the population who are multiple/mixed ethnic groups interacted with living in the North
% of the population who are Asian/British Asian interacted with living in the North

% of the population who are Black/African/Caribbean/Black British interacted with living in
the North

% of the population who are other ethnicities interacted with living in the North

Rural town and fringe (reference category)

Rural village and dispersed
Urban city and town

Urban major conurbation
Urban minor conurbation

Rural village and dispersed interacted with being in the North
Urban city and town interacted with being in the North

Urban major conurbation interacted with being in the North
Urban minor conurbation interacted with being in the North

IMD quintile 1 (least deprived; reference)
IMD quintile 2

IMD quintile 3

IMD quintile 4

IMD quintile 5 (most deprived)

IMD quintile 2 interacted with being in the North

IMD quintile 3 interacted with being in the North

IMD quintile 4 interacted with being in the North

IMD quintile 5 (most deprived) interacted with being in the North

Observations 6778

0.396***
(0.343-0.449)
(0.221-0.354)

0.025%*
(0.008-0.041)
0.010%+*
(0.008-0.012)
0.007*+*
(0.003-0.011)
~0.006
(-0.018 to 0.007)
—0.048*
(-0.088 to
~0.008)
—0.007%%*
(-0.009 to
~0.004)
0.004

(-0.012 to 0.020)

—0.013
(-0.047 to 0.020)

6778

0.296%**
(0.197-0.395)
(0.260-0.390)

—0.010

(-0.027 to 0.007)
0.009***
(0.007-0.010)
0.008***
(0.005-0.012)
—0.012

(-0.024 to 0.001)
—0.042*

(-0.083 to
—0.000)
—0.005%**
(-0.008 to
—0.002)

0.008

(-0.008 to 0.024)
—0.004

(-0.037 to 0.029)
—0.236%**

(0.052-0.166)
0.329%**
(0.259-0.398)
0.405%**
(0.286-0.524)
—-0.037

(-0.186 to 0.113)
0.032

(-0.075 to 0.139)
—0.100

(-0.216 to 0.016)

—0.190*
(-0.360 to
—0.021)

6778

0.208%**
(0.095-0.320)
(0.294-0.422)

—-0.016

(-0.033 to 0.001)
0.011%**
(0.009-0.012)
0.007***
(0.004-0.011)
—0.010

(-0.022 to 0.002)
—0.041

(-0.082 to 0.000)

—0.006%**
(-0.008 to
—0.003)
0.004

(-0.012 to 0.020)
0.010

(-0.022 to 0.043)
—0.271%**
(-0.341 to
—0.202)
0.100%***
(0.044-0.157)
0.31
(0.250-0.387)
0.356%***
(0.239-0.474)
0.024

(-0.124 to 0.172)
—-0.001

(-0.107 to 0.105)
—0.159**
(-0.274 to
—0.044)
—0.216*

(-0.383 to
—0.048)

0.127%**
(0.082-0.172)
0.143%***
(0.096-0.190)
0.257%***
(0.205-0.309)
0.365%**
(0.301-0.429)
—0.000

(-0.097 to 0.097)
0.083

(-0.014 to 0.180)
0.031

(-0.064 to 0.127)
0.136%*
(0.039-0.233)
6778

95% confidence intervals in parentheses. *p < 0.05; **p < 0.01; ***p < 0.001.

Notes: # The additional variables relate to the percentage of the MSOA population in pre-specified age bands (see Table 1).

theory toolbox for understanding deprivation and COVID-19. It suggests
that these syndemic pathways can be exacerbated in areas of higher
deprivation if they are embedded within a wider context of local and
regional deprivation.

This is the first application of the amplification deprivation concept

to examine the influence of different geographical scales of deprivation
on health. Previous use of the concept has focused on the influence of
local area deprivation on the relationship between individual-level SES
(such as individual or household income) and health outcomes. As such,
our results have implications — not just for how we understand
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Fig. 3. Conditional COVID-19 mortality rate by IMD quintiles: North vs.
the rest of England.

The conditional means are estimated using the regression output in Table 3,
column (4) and accounts for the age and ethnicity composition of each MSOA as
well as urbanity and deprivation including interactions with the North. The
vertical lines are 95% confidence intervals obtained in the traditional way.

geographical inequalities in COVID-19 and the relationship between
deprivation and mortality - but also for how we assess the value of the
deprivation amplification concept within the broader health geography
literature. In keeping with previous theoretical work (Bambra et al.,
2019), our empirical results here suggest that issues of scale needed to be
embedded into our understanding of what constitutes contextual in-
fluences on health. Specifically, our work suggests that the deprivation
amplification concept can be expanded for wider analytical use within
health geography. It has utility beyond just examining the interaction of
individuals and local areas, to assessing the interaction of different
spatial scales of deprivation on the health outcomes of local places. Our
study thereby adds to the wider health geography literature debates on
the relationship between health and place by suggesting that it is not just
the immediate neighbourhood that constitutes contextual influences on
population health but the wider regional and neighbouring local context
(Cummins et al., 2007; Bambra et al., 2019).

Our results show that it is not only the level of deprivation in the
specific area (MSOA) that is important for explaining that area’s COVID-
19 mortality, but also the levels of deprivation in neighbouring areas. It
is therefore important to use statistical models that explicitly allow these
spatial spill over effects to be modelled and quantified. As well as in-
direct effects operating through the deprivation of neighbouring areas,
there were strong direct effects. Given the highly infectious nature of
COVID-19, it is important to allow for the outcomes of geographically
proximal areas to have effects on the outcomes of the areas they border.

4.1. Strengths and limitations

Our analyses use information on all MSOAs within England, and
hence has national coverage. We were able to merge in information on
important factors that have been shown to be strongly predictive of
COVID-19 outcomes (age and ethnicity). Additionally, we were able to
assess the deprivation amplification hypothesis by obtaining detailed
information on the relative position of each MSOA nationally and
assigning to quintiles. The statistical models used allowed us to account
for and quantify direct and indirect effects between neighbouring areas.
Our study also used a theory-guided approach. However, our study is
subject to some important limitations. Firstly, using COVID-19-specific
mortality, as opposed to a measure of excess mortality, could have
biased — underestimated — our estimates of the effect of area deprivation
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Table 4
The effect of region (North) and deprivation on COVID-19 mortality rates (un-
adjusted and adjusted) when accounting for spatial clusterings and spillovers.

Spatial model; Equation 2

MSOA is in the North

IMD quintile 1 (least deprived; reference)
IMD quintile 2

Average direct effect

Average indirect effect

0.402%** (0.273-0.532)
Reference

0.103*** (0.062-0.144)
0.100*** (0.063-0.137)
—0.062 (—0.153 to
0.029)

0.038 (—0.068 to 0.144)
0.125*** (0.081-0.169)
0.139%** (0.0995-0.179)
—0.023 (—-0.110 to
0.064)

0.116* (0.018-0.214)
0.221*** (0.171-0.272)
0.225%** (0.181-0.270)
0.002 (—0.085 to 0.089)
0.227*** (0.130-0.325)
0.307*** (0.243-0.370)
0.341*** (0.287-0.396)
0.084 (—0.002 to 0.169)
0.425%** (0.329-0.522)
—0.009 (—0.097 to
0.080)

0.050 (—0.041 to 0.141)
0.013 (—0.079 to 0.106)
0.118* (0.019-0.217)

Average total effect °
IMD quintile 3

Average direct effect
Average indirect effect

Average total effect

IMD quintile 4

Average direct effect

Average indirect effect

Average total effect

IMD quintile 5 (most deprived)
Average direct effect

Average indirect effect

Average total effect

IMD quintile 2 interacted with North ¢

IMD quintile 3 interacted with North ¢
IMD quintile 4 interacted with North ¢
IMD quintile 5 interacted with North ¢

MSOA age and ethnicity profiles and urbanicity Yes
included ?
Outcome (p) 0.070*** (0.043-0.098))

Error Term (¢) 0.601*** (0.561-0.641)
IMD terms ¢ Included
Observations 6791

95% confidence intervals in parentheses. *p < 0.05; **p < 0.01; ***p < 0.001.
Notes: ? The additional variables relate to the percentage of the MSOA popula-
tion in pre-specified age bands and the percentage of the MSOA population
classified into five broad ethnicity groups as well as five categories or urbanicity
(see Table 1). ® The definition of average effect (direct, indirect and total) for the
spatial model is provided in Appendix A. ©: We cannot compute the direct, in-
direct, and total effect here as some MSOAs are on the boundary of the North and
hence some neighbouring MSOAs are in the North and some are in the rest of
England. In this case, they parameters cannot be estimated. %: we also include
spatial lags of the key IMD terms, as well as their interaction with North, but we
omit them here for reasons of brevity. They are all statistically insignificant at p
< 0.05.

on deaths. Secondly, we used mortality data from MSOAs in England.
This was because this was the smallest spatial scale data that was pub-
licly available for COVID-19 mortality rates when we conducted our
analyses. However, analysis of smaller-level geographies (such as Lower
Super Output Aras — LSOAs) would allow a more precise estimation of
the extent of area-level inequalities in COVID-19 mortality. The regional
focus of our analysis also has limitations as, for example, the North is less
ethnically diverse than the rest of England, on average. Although this
does not apply to certain parts of the North such as Greater Manchester —
which is more diverse, or in contrast, parts of the South such as Cornwall
which are less ethnically diverse. Further, our analysis examines the
whole 14-month period for which COVID-19 mortality data by MSOA is
available. We have not thereby examined any temporal differences by
region that may have occurred during the different phases of the
pandemic (e.g. by wave) (Griffith et al., 2021). Finally, whilst we have
identified relationships at the area level we cannot, of course, assume
that our findings hold true at the individual level. To do so would be to
risk the ecological fallacy since relationships identified for areas cannot
be assumed to apply to individuals (Fieldhouse and Tye, 1996).
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5. Conclusion

This study has used the concept of ‘deprivation amplification’ to
explore the relationship between deprivation, scale and COVID-19
mortality rates. We found that the more deprived Northern regions
and the more deprived MSOAs across the country had higher COVID-19
mortality rates. We also found that the most deprived MSOAs in the
more deprived Northern regions suffered even greater COVID-19 mor-
tality rates. We also found strong evidence of spatial clustering and
spillovers. We argue that this is evidence of deprivation amplification
within the COVID-19 pandemic. Our findings reinforce discussions on
the syndemic nature of inequalities in the COVID-19 pandemic whilst
also advancing the health and place literature by suggesting that the
deprivation amplification concept has wider utility in the health geog-
raphy literature than has previously been explored.

Data availability
The authors do not have permission to share data.
Acknowledgements

We would like to thank Hannah Davies at the Northern Health Sci-
ences Alliance (NHSA) for support with facilitating this research
collaboration. CB is funded by a Wellcome Trust Investigator Award
(221266/7Z/20/Z), the Health Foundation (2211473), the NIHR School
of Public Health Research (PD-SPH-2015) and NIHR ARC North East and
North Cumbria (NIHR200173). LM and SK are funded by NIHR ARC
Greater Manchester (NIHR200174). CB is also an NIHR Senior Investi-
gator. The views expressed in this article are those of the authors and not
necessarily those of the NIHR, or the Department of Health and Social
Care.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.healthplace.2022.102933.

References

Bambra, C., et al., 2014. North and south: addressing the English health divide. J. Publ.
Health 36, 183-186.

Bambra, C., 2016. Health Divides: where You Live Can Kill You. Policy Press, Bristol.

Bambra, C., Smith, K., Pearce, J., 2019. Scaling up: the politics of health and place, social
science and medicine. Soc. Sci. Med. 232, 36-42.

Bambra, C., Lynch, J., Smith, K.E., 2021b. Unequal Pandemic: COVID-19 and Health
Inequalities. Policy Press, Bristol.

Bambra, C., Munford, L., Alexandros, A., Barr, B., Brown, H., Davies, H.,

Konstantinos, D., Mason, K., Pickett, K., Taylor, C., Taylor-Robinson, D.,

Wickham, S., 2020b. COVID-19 and the Northern Powerhouse: Tackling Inequalities
for UK Health and Productivity. NHSA, Newcastle. https://www.thenhsa.co.uk/app
/uploads/2020/11/NP-COVID-REPORT-101120-.pdf.

Bambra, C., Riordan, R., Ford, J., Matthews, F., 2020a. The COVID-19 pandemic and
health inequalities. J. Epidemiol. Community 74 (11), 964-968.

Barcel6, M.A., Saez, M., 2021. Methodological limitations in studies assessing the effects
of environmental and socioeconomic variables on the spread of COVID-19: a
systematic review. Environ. Sci. Eur. 33, 108.

Chen, J.T., Krieger, N., 2021. Revealing the unequal burden of COVID-19 by income,
race/ethnicity, and household crowding: US county versus zip code analyses. J. Publ.
Health Manag. Pract. 27 (1), S46-S56.

Congdon, P., 2021. COVID-19 mortality in English neighbourhoods: the relative role of
socioeconomic and environmental factors. J: Multidiscip. Sci. J. 4, 131-146.

Cummins, S., Curtis, S., Diez-Roux, A., Macintyre, S., 2007. Understanding and
representing “place’ in health research: a relational approach. Soc. Sci. Med. 65 (9),
1825-1838.

DCLG (Department for Communities and Local Government), 2019. English Indices of
Deprivation 2019, available from: https://research.mysociety.org/sites/imd20
19/about/ [accessed June 2021.

Doran, T., et al., 2004. Is there a North-south divide in social class inequalities in health
in Great Britain? Cross sectional study using data from the 2001 census. BMJ 328,
1043-1045.

Health and Place 78 (2022) 102933

Fieldhouse, E., Tye, R., 1996. Deprived people or deprived places? Exploring the
ecological fallacy in studies of deprivation with the Samples of Anonymised Records.
Environ. Plann. 28, 237-259.

Francetic, I., Munford, L., 2021. Corona and coffee on your commute: a spatial analysis of
COVID-19 mortality and commuting flows in England in 2020. Eur. J. Publ. Health
31, 901-907.

Fox, N.J., Powell, K., 2021. Place, health and dis/advantage: a sociomaterial analysis.
Health. https://doi.org/10.1177/13634593211014925.

Griffith, G.J., Davey Smith, G., Manley, D., et al., 2021. Interrogating structural
inequalities in COVID-19 mortality in England and Wales. J. Epidemiol. Community
Health 75, 1165-1171.

Hacking, et al., 2011. Trends in mortality from 1965 to 2008 across the English North-
south divide: comparative observational study. BMJ 342, d508.

Harris, R., Brunsdon, C., 2021. Measuring the exposure of Black, Asian and other ethnic
groups to COVID-infected neighbourhoods in English towns and cities. Appl. Spatial
Analysis. https://doi.org/10.1007/s12061-021-09400-8.

Hepple, L.W., 1998. Exact testing for spatial autocorrelation among regression residuals.
Environ. Plann. 30 (1), 85-108. https://journals.sagepub.com/doi/epdf/10.1068/a
300085.

Katikireddi, S.V., Lal, S., Carrol, E.D., et al., 2021. Unequal impact of the COVID-19 crisis
on minority ethnic groups: a framework for understanding and addressing
inequalities. J. Epidemiol. Community Health 75, 970-974.

Kontopantelis, E., et al., 2018. Disparities in mortality among 25-44-year-olds in
England: a longitudinal, population-based study. Lancet Public Health 3 (18), 30177-
4. https://doi.org/10.1016/52468-2667.

Macintrye, S., Maciver, S., Sooman, A., 1993. Area, class and health: should we be
focusing on places or people? JnlSoc. Pol 22 (2), 213-234.

Macintyre, S., Ellaway, A., Cummins, S., 2002. Place effects on health: how can we
conceptualise, operationalise and measure them? Soc. Sci. Med. 55, 125-139.
Macintyre, S., 2007. Deprivation amplification revisited; or, is it always true that poorer
places have poorer access to resources for healthy diets and physical activity? Int. J.

Behav. Nutr. Phys. Activ. 4, 32.

Macintyre, S., Macdonald, L., Ellaway, A., 2008. Do poorer people have poorer access to
local resources and facilities? The distribution of local resources by area deprivation
in Glasgow, Scotland. Soc. Sci. Med. 67, 900e14.

McGowan, V., Bambra, C., 2022. COVID-19 mortality and deprivation: pandemic,
syndemic and endemic health inequalities. Lancet Public Health 7 (11), e966-€975.
https://doi.org/10.1016/52468-2667(22)00223-7. In this issue.

Morrissey, K., Spooner, F., Salter, J., Shaddick, G., 2021. Area level deprivation and
monthly COVID-19 cases: the impact of government policy in England. Soc. Sci. Med.
289, 114413.

Munford, L., Khavandi, S., Bambra, C., et al., 2021. A Year of COVID-19 in the North:
Regional Inequalities in Health and Economic Outcomes, Northern Health Science
Alliance. Newcastle. https://www.thenhsa.co.uk/app/uploads/2021/09/A-Year-o
f-COVID-in-the-North-report-2021.pdf.

Nazroo, J., Becares, L., 2020. Evidence for ethnic inequalities in mortality related to
COVID-19 infections: findings from an ecological analysis of England and Wales.
BMJ Open 10, e041750.

ONS (Office for National Statistics), 2011. Census Geography available at: https://www.
ons.gov.uk/methodology/geography/ukgeographies/censusgeography#super-out
put-area-soa. accessed June 2021.

ONS (Office for National Statistics), 2021. Deaths Due to COVID-19 by Local Areas and
Deprivation available at: https://www.ons.gov.uk/peoplepopulationandcommunit
y/birthsdeathsandmarriages/deaths/datasets/deathsduetocovid19bylocalareaa
nddeprivation. accessed June 2021.

Powell, K., Barnes, A., Anderson de Cuevas, R., et al., 2020. Power, control, communities
and health inequalities III: participatory spaces—an English case. Health Promot. Int.
https://doi.org/10.1093/heapro/daaa059.

Public Health England, 2019. Public Health Outcomes Framework. https://tinyurl.com/
rrqvoms8.

Public Health England, 2020. Disparities in the Risk and Outcomes of COVID-19. 2020,
p. 89. Available from: https://www.gov.uk/government/publications/covid-19-revi
ew-of-disparities-in-risks-and-outcomes.

Schneider, S., Bolbos, A., Fessler, J., Buck, C., 2019. Deprivation amplification due to
structural disadvantage? Playgrounds as important physical activity resources for
children and adolescents. Publ. Health 168, 117-127.

Singer, M., 2000. A dose of drugs, a touch of violence, a case of AIDS: conceptualizing the
SAVA syndemic. Free Inq. Creativ. Sociol. 28, 13-24.

Szreter, S., Mooney, G., 1998. Urbanization, mortality, and the standard of living debate:
new estimates of the expectation of life at birth in nineteenth-century British cities.
Econ. Hist. Rev. 51, 84.

Todd, A, Bambra, C, 2021. Learning from Past Mistakes? the COVID-19 V accine and the
Inverse Equity Hypothesis. European journal of public health. https://doi.org/
10.1093/eurpub/ckaa243.

Welsh, C., Albani, V., Matthews, F., Bambra, C., 2021. Geographical inequalities in the
evolution of the COVID-19 pandemic: an ecological study of inequalities in mortality
in the first wave and the effects of the first national lockdown in England. medRxiv
10.23, 21265415, 2021.

Whitehead, M., Bambra, C., Barr, B., et al., 2014. Due North: Report of the Inquiry on
Health Equity for the North. Centre for Local Economic Strategies, Manchester.
https://tinyurl.com/wguljon.


https://doi.org/10.1016/j.healthplace.2022.102933
https://doi.org/10.1016/j.healthplace.2022.102933
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref1
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref1
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref2
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref3
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref3
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref6
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref6
https://www.thenhsa.co.uk/app/uploads/2020/11/NP-COVID-REPORT-101120-.pdf
https://www.thenhsa.co.uk/app/uploads/2020/11/NP-COVID-REPORT-101120-.pdf
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref4
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref4
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref7
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref7
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref7
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref8
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref8
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref8
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref9
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref9
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref10
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref10
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref10
https://research.mysociety.org/sites/imd2019/about/
https://research.mysociety.org/sites/imd2019/about/
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref12
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref12
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref12
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref13
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref13
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref13
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref14
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref14
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref14
https://doi.org/10.1177/13634593211014925
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref16
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref16
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref16
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref17
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref17
https://doi.org/10.1007/s12061-021-09400-8
https://journals.sagepub.com/doi/epdf/10.1068/a300085
https://journals.sagepub.com/doi/epdf/10.1068/a300085
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref20
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref20
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref20
https://doi.org/10.1016/S2468-2667
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref24
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref24
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref25
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref25
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref26
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref26
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref26
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref27
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref27
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref27
https://doi.org/10.1016/S2468-2667(22)00223-7
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref29
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref29
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref29
https://www.thenhsa.co.uk/app/uploads/2021/09/A-Year-of-COVID-in-the-North-report-2021.pdf
https://www.thenhsa.co.uk/app/uploads/2021/09/A-Year-of-COVID-in-the-North-report-2021.pdf
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref31
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref31
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref31
https://www.ons.gov.uk/methodology/geography/ukgeographies/censusgeography#super-output-area-soa
https://www.ons.gov.uk/methodology/geography/ukgeographies/censusgeography#super-output-area-soa
https://www.ons.gov.uk/methodology/geography/ukgeographies/censusgeography#super-output-area-soa
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/deathsduetocovid19bylocalareaanddeprivation
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/deathsduetocovid19bylocalareaanddeprivation
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/datasets/deathsduetocovid19bylocalareaanddeprivation
https://doi.org/10.1093/heapro/daaa059
https://tinyurl.com/rrqv9m8
https://tinyurl.com/rrqv9m8
https://www.gov.uk/government/publications/covid-19-review-of-disparities-in-risks-and-outcomes
https://www.gov.uk/government/publications/covid-19-review-of-disparities-in-risks-and-outcomes
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref37
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref37
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref37
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref38
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref38
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref39
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref39
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref39
https://doi.org/10.1093/eurpub/ckaa243
https://doi.org/10.1093/eurpub/ckaa243
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref41
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref41
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref41
http://refhub.elsevier.com/S1353-8292(22)00194-0/sref41
https://tinyurl.com/wgulj9n

	COVID-19 and deprivation amplification: An ecological study of geographical inequalities in mortality in England
	1 Background
	2 Methods
	2.1 Research Question
	2.2 Data
	2.3 Analysis

	3 Results
	4 Discussion
	4.1 Strengths and limitations

	5 Conclusion
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


