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OBJECTIVES: to provide a description of inequalities in over-
all and COVID-19 mortality by ecological socioeconomic
measures (ESEMs) during the first outbreak peak (March and
April 2020) in Emilia-Romagna Region.

DESIGN: cross-sectional study based on the record linkage
of the COVID-19 notification system, the regional population
health register and the 2011 census data.

SETTING AND PARTICIPANTS: residents in Emilia-Romag-
na who were grouped according to three ESEMs calculated
at census block level: the index of deprivation, the household
crowding, and the percentage of the foreign resident popu-
lation.

MAIN OUTCOME MEASURES: counts of all deaths and
those directly attributable to COVID-19. The association be-
tween mortality and ESEMs was assessed through rate dif-
ferences and mortality rate ratios, estimated through Pois-
son models.

RESULTS: during the outbreak peak, the nine provinces of
the Emilia-Romagna Region were unequally hit by the COV-
ID-19 outbreak, with Piacenza recording the highest COV-
ID-19 absolute death toll and Ferrara the lowest. The overall
and COVID-19 mortality burden was unequal also in terms of
ecological socioeconomic measures. Percentage differences
in the age-standardised mortality rates between the least and
the most disadvantaged census blocks were greater for COV-
ID-19 mortality than for overall mortality, suggesting that
the Coronavirus outbreak has had a stronger impact on the
most socioeconomically deprived areas. Although clear gra-
dients were not always present, people living in the most dis-
advantaged census blocks experienced the highest absolute
and relative risk of dying. Rate differences were larger among
men, but mortality rate ratios were not always greater among
men than women, especially for the COVID-19 mortality.
CONCLUSIONS: these descriptive yet informative results are
relevant to document inequalities and inform regional pub-
lic health policies and interventions in case of new COVID-19
surges.
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OBIETTIVI: fornire una descrizione delle disuguaglianze so-
cioeconomiche nella mortalita totale e in quella correlata al
COVID-19 durante il primo picco dell’epidemia (marzo e aprile
2020) nella regione Emilia-Romagna tramite I'utilizzo di indica-
tori socioeconomici misurati a livello di sezione di censimento.

The outbreak caused by the novel Coronavirus SARS-
CoV-2 has spread globally, with Italy reporting 241,819
cases and 34,869 deaths as of 7 July 2020.

In Emilia-Romagna Region 3,904 deaths in individuals
positive to the SARS-CoV-2 occurred between February
23 and May 15 2020.

Scientific and media reports, both in the USA and
Europe, have started to document the disproportionate
burden of disease and mortality directly attributable to
SARS-CoV-2 infection among socioeconomically disad-
vantaged population groups.

This study provides the first comprehensive account
of the distribution of the burden of overall and COVID-19
mortality by socioeconomic characteristics in Emilia-Ro-
magna Region.

People living in the most disadvantaged census blocks
of the Emilia-Romagna Region showed an increased risk
of overall and COVID-19 death during the first outbreak
peak (March and April 2020).

Absolute differences were larger among men, but rel-
ative ones did not show the same pattern, especially for
the COVID-19 mortality.

DISEGNO: studio trasversale basato sul record-linkage del si-
stema di notifica COVID-19, I'anagrafe regionale degli assisti-
ti e i dati del censimento del 2011.

SETTING E PARTECIPANTI: residenti in Emilia-Romagna
raggruppati sulla base di tre indicatori socioeconomici misu-
rati a livello di sezione di censimento: indice di deprivazione,
grado di affollamento dell’abitazione, percentuale di popola-
zione residente straniera.

PRINCIPALI MISURE DI OUTCOME: morti totali e morti di-
rettamente attribuibili a COVID-19. L'associazione tra mor-
talita e indicatori socioeconomici & stata valutata attraverso
differenze tra tassi e rapporti tra tassi di mortalita, stimati at-
traverso modelli di Poisson.

RISULTATI: durante il picco dell’epidemia, le nove provin-
ce dell’Emilia-Romagna sono state colpite in modo disegua-
le dall’epidemia COVID-19: Piacenza ha registrato il piu alto
numero assoluto di morti COVID-19 mentre Ferrara quello
pil basso. Il carico di mortalita totale e direttamente correla-
ta a COVID-19 é stato diseguale anche in termini di caratte-
ristiche socioeconomiche. Le differenze percentuali nei tassi
di mortalita tra le sezioni di censimento meno svantaggiate
e quelle pit svantaggiate sono state piu intense per la mor-
talita COVID-19 rispetto a quella totale, suggerendo che I'e-
pidemia di Coronavirus abbia avuto un impatto maggiore
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nelle aree piu deprivate. Sebbene i gradienti nella mortali-
ta non siano sempre chiaramente apprezzabili, il rischio di
morte, sia in termini assoluti sia relativi, & stato costante-
mente piu alto tra i soggetti che vivono nelle sezioni di cen-
simento piu svantaggiate. Le differenze tra tassi sono sta-
te piu importanti tra gli uomini, mentre i rapporti tra i tassi
sono stati di entita simile nei due sessi, specialmente per la
mortalita COVID-19.

Since its first report in December 2019 in China, the out-
break of the Coronavirus disease 2019 (COVID-19),
caused by the novel Coronavirus SARS-CoV-2 (Severe
acute respiratory syndrome Coronavirus 2), has spread
worldwide. As of July 7th 2020, 188 countries have con-
firmed cases, and Italy ranks eleventh among them with
241,819 cases and 34,869 deaths.! According to the latest
published data, in Emilia-Romagna Region (Northern Ita-
ly) 3,904 deaths in individuals positive to the SARS-CoV-2
occurred between February 23 and May 15 2020.2 Men,
people with advanced age and those with underlying medi-
cal conditions might be at higher risk for adverse outcomes
from COVID-19.34

Despite the initial widespread opinion that the virus does
not discriminate, the SARS-CoV-2 infection, as many of
other infectious diseases,>0 is likely to hit more strongly
people in socioeconomic disadvantage. National and in-
ternational scholars have argued that the COVID-19 pan-
demic may amplify the already marked inequalities that
exist in our societies, via both direct and indirect mecha-
nisms.”-10 On the one hand, socioeconomically vulnerable
groups may be more exposed to the risk of infection (e.g.,
less able to practice the physical distancing) and/or present
a greater susceptibility to the complications of the disease
because of underlying social, age-related, and clinical vul-
nerabilities. On the other hand, they may be more sensi-
tive to the sudden reorganisation of the health system that
has resulted in a reduction of planned services,8 including
those involving the follow-up of chronic conditions whose
burden is socially patterned.1! Additionally, it has been sug-
gested that the medium and long-term socioeconomic con-
sequences of the partial suspension of productive and eco-
nomic activities during the lockdown, such as the rising in
unemployment and poverty rates, are likely to affect more
those in already vulnerable conditions and exacerbate so-
cial and health inequalities.12 However, the evidence on the
role of socioeconomic factors, including race and ethnicity,
in influencing individuals’ exposure to the virus and its ad-
verse consequences is still limited, a factor that may hinder
the efforts to control the epidemic.!3 A review of the litera-
ture carried out in April 2020 concluded that, from 29 el-
igible studies that described the characteristics of patients
with COVID-19 and their potential risk factors, only one
reported the occupational position of patients with mild
or severe disease.!4 More recently, scientific and media re-

CONCLUSIONI: nonostante la loro natura descrittiva, questi
risultati documentano la presenza di disuguaglianze socioeco-
nomiche nella mortalita totale e in quella correlata al COVID-19
e dovrebbero essere presi in considerazione nella formulazio-
ne di politiche e interventi di sanita pubblica che si porranno
in essere in caso di recrudescenze dell’epidemia da COVID-19.

Parole chiave: COVID-19, mortalita, caratteristiche socioeconomiche,
disuguaglianze

ports, both in the USA and Europe, have started to docu-
ment the disproportionate burden of disease and mortality
directly attributable to the SARS-CoV-2 infection among
socioeconomically disadvantaged population groups, in-
cluding those with a migratory background or ethnic mi-
norities.15-19 To our knowledge, public information on the
COVID-19 cases or mortality by indicators of socioeco-
nomic position are not currently available in Italy. However,
the Italian national statistics institute has recently released a
nationwide analysis on socioeconomic inequalities in over-
all mortality during the first trimester of 2020 that shows
an increase in relative differences between the low and high
educated during the COVID-19 epidemic.20

The paucity of evidence as well as the first documentation
of socioeconomic inequalities in the distribution of the
COVID-19 burden highlights the importance of collect-
ing and analysing socioeconomic data in order to under-
stand how these factors impact on the risk of getting in-
fected and experiencing adverse outcomes.8:14
Socioeconomic indicators are rarely available in or easily
linkable to medical records, yet area-based socioeconomic
measures, which can be attributed to individuals according
to their area of residence, have shown to be valid alterna-
tives to reveal health inequalities and to understand the im-
pact of the neighbourhood context on health.21.22 Analyses
based on ecological sociodemographic attributes can easi-
ly be implemented even when indicators of socioeconomic
position at individual level are not readily available and can
provide a description of social inequalities to contribute in-
forming public health policies and prevention measures in
a timely fashion, especially when there is an urgent need to
document those disparities as it has been recommended by
Chen JT, et al. in the case of the COVID-19 outbreak.16
Building on these premises, this work aims at providing
a description of socioeconomic inequalities in overall and
COVID-19 mortality by census block level socioeconomic
attributes during the first outbreak peak (March and April
2020) in Emilia-Romagna Region.

MORTALITY DATA

Mortality data were collected for March and April 2020,
the two months during which the death toll was the high-
est in Emilia-Romagna according to the regional mortali-
ty surveillance data.2 The count of all deaths among resi-
dents was obtained from the regional population health
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register (RPHR); it contains demographic information, in-
cluding the census block (assigned through a geocoding
procedure), on all subjects who had at least one contact
with the regional health service or are resident in any of
the regional municipalities, and virtually covers the entire
population resident or present in the region (with the ex-
ception, for example, of homeless people without any resi-
dential address).23 The RPHR is fed, among other sourc-
es, by the national health insurance card system, which
guarantees a timely update of the vital status information.
Data on deaths directly attributable to COVID-19 were
obtained from the regional COVID-19 notification sys-
tem, a new database that collects demographic and clinical
information on subjects diagnosed with the SARS-CoV-2
infection. This subset of deaths was linked to the RPHR
through an anonymous key, which uniquely identifies all
individuals within the RPHR and the regional health data-
bases, in order to assign the census block. Counts of total
deaths and those due to COVID-19 were subsequently ag-
gregated by census block, sex, and age group.

POPULATION DENOMINATORS AND ECOLOGICAL
SOCIOECONOMIC MEASURES
The resident population as of 01.01.2020 was obtained
from the RPHR and aggregated by census block, gender,
and age group. The socioeconomic attributes, measured at
census block level and retrieved from the 2011 census, were:

the index of deprivation (ID), a summary measure of so-
cial and material deprivation based on five census variables
(low level of education, unemployment, non-home owner-
ship, single-parent family, and household crowding);24

the household crowding: a component of the ID that
measures the number of people per 100 square metres of
the house surface and that, beyond being a risk factors for
infections” transmission,25 reflects the material living con-
ditions;

the percentage of the foreign resident population: a
proxy for social and economic disadvantage.
All these ecological measures were grouped into popula-
tion quintiles of the regional distribution.

DATA MANAGEMENT AND STATISTICAL METHODS

The counts of all deaths and those due to COVID-19 ag-
gregated by census block, gender, and 10-years age group
were linked with the population denominators and, sub-
sequently, to the database containing the ecological soci-
oeconomic measures (ESEMs) at census block level. The
performance of the linkages was good: only 5% of the to-
tal deaths (12,844/13,418) and 7% of those due to COV-
ID-19 (3,301/3,531) were not successfully associated to
the population denominators or not geocoded. ESEMs
are not available for all census blocks; the number of de-
ceased who were geocoded but not assigned an ESEM are
reported in table 1 and table 2: the proportion of deaths
with missing ESEMs was always < 1%. Mortality rates

per 100,000 population were age-adjusted using the 2011
Italian population as standard and 95% confidence inter-
vals were calculated using standard methods.26 Based on
an analysis proposed by the Office for national statistics,!”
we calculated the percentage differences between the age-
standardised overall and COVID-19 mortality rates of the
most and the least disadvantage census blocks by ESEMs.
To evaluate inequalities on both the absolute and the rela-
tive scale, we estimated rate differences (RDs) and mortal-
ity rate ratios (MRRs), through Poisson models, using the
least disadvantaged quintiles as reference. A likelihood ra-
tio test (LRT) was applied in order to assess the presence of
a linear trend in the MRRY, setting its alpha value at 0.05.

Between March 1st and April 30th 2020, 13,418 deaths
occurred in Emilia-Romagna (49.8% in men); of these,
3,531 were recorded in subjects with the SARS-CoV-2 in-
fection (26.3% of the total deaths, 59% in men). The high-
est number of total deaths was observed in the province of
Bologna (2,548 deaths, 20.8% COVID-19), the lowest in
the province of Ferrara (860 deaths, 13.9% COVID-19).
The province with the highest proportion of COVID-19
deaths was Piacenza with 863 deaths, representing 50.2%
of the total; the one with the lowest was Ferrara with 63
deaths (7.1% of the total) (figure 1). Age-standardised
COVID-19 mortality rates were highest in the province
of Piacenza (342.94 per 100,000 population among men
and 128.05 per 100,000 among women), and lowest in
the province of Ravenna (20.77 per 100,000 population
among men and 7.86 per 100,000 among women).

Both overall and COVID-19 age-standardised mortality
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rates (ASMRs) were higher among men than women and
generally greater among those living in the most disadvan-
taged versus most advantaged census blocks, irrespective of
the socioeconomic attribute used (table 1 and 2). Age had
an important effect resulting in a noticeable changes be-
tween crude (not calculated) and age-adjusted rates.
ASMREs for overall mortality (most vs least disadvantaged)
were as follows: for the index of deprivation 329.30 ws
267.71 per 100,000 population among men, 218.87 ws
168.04 per 100,000 among women; for household crowd-
ing 319.75 ws 270.80 per 100,000 among men, 212.65
vs 169.82 per 100,000 among women; for the percent-
age of the foreign resident population 339.41 vs 258.82
per 100,000 among men, 196.16 vs 174.31 per 100,000
among women.

ASMRs for COVID-19 mortality (most vs least disadvan-

taged) were as follows: for the deprivation index 107.17 vs
77.55 per 100,000 population among men, 55.43 vs 35.45
per 100,000 among women; for household crowding
102.26 vs 80.21 per 100,000 among men, 51.02 »s 35.06
per 100,000 among women; for the percentage of the for-
eign resident population 113.22 »s 71.83 per 100,000
among men, 45.79 vs 36.35 per 100,000 among women.
Figure 2 shows the ASMRs as a percentage difference from
the least disadvantaged quintile for total and COVID-19
deaths for each of the socioeconomic attribute. Although
there was not a clear gradient for all of them, the most dis-
advantaged census blocks reported consistently higher per-
centage increases in the ASMRs for both overall and COV-
ID-19 mortality as well as consistently greater percentage
increases in the ASMRs for COVID-19 deaths than those
for total deaths.

MEN = AL DEATHS WOMEN AL DEATHS
COVID-19 DEATHS COVID-19 DEATHS
INDEX OF DEPRIVATION INDEX OF DEPRIVATION
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Figure 2. Percentage differences between the age-standardised overall and COVID-19 mortality rates of the most and the less disadvantage census blocks by socioe-

conomic attributes, 01.03.2020-30.04.2020, Emilia-Romagna Region (Northern Italy).

Figura 2. Differenza percentuale tra i tassi standardizzati per eta delle aree piu svantaggiate e quelli delle aree meno svantaggiate per indicatori socioeconomici,
mortalita totale e direttamente attribuibile a COVID-19, 01.03.2020-30.04.2020, regione Emilia-Romagna.
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The two measures of absolute and relative differences de-
scribed further socioeconomic disparities in the risk of to-
tal and COVID-19 mortality (table 1 and 2). For both to-
tal and COVID-19 mortality, the RDs of subjects living in
the most versus the least advantaged areas were the largest
for the index of deprivation among women (overall mor-
tality: 55.69 per 100,000 population; COVID-19 mortal-
ity: 19.98 per 100,000) and for the proportion of foreign
resident population among men (overall mortality: 80.60
per 100,000 population; COVID-19 mortality: 41.39 per
100,000). RDs were generally greater among men than
women. These figures represent the differences in the mor-
tality rates that would be observed in the Italian stand-
ard population. Relative differences tended to be relatively
larger for the COVID-19 mortality than for overall mor-
tality. Socioeconomic gradients were not always monoton-
ic, but the risk of death was consistently higher among the
most compared to the least disadvantaged. Moreover, the
LRTs revealed that a linear trend was present for most of
the relationships tested (p-values were <0.001 for the ma-
jority of the associations with the exception of those be-
tween COVID-19 mortality and household crowding and
percentage of foreign resident population among women).
A clear monotonic gradient was observed for overall and
COVID-19 mortality by the percentage of foreign resident
population among men. Of note, MRRs were not always
greater among men than women, especially for the COV-
ID-19 mortality.

SUMMARY OF RESULTS

This is the first comprehensive account of the distribution
of the burden of overall and COVID-19 mortality dur-
ing the first outbreak peak by socioeconomic characteris-
tics in Emilia-Romagna Region. The nine provinces were
unequally hit by the COVID-19 outbreak, with Piacenza
recording the highest COVID-19 absolute death toll and
Ferrara the lowest. The overall and COVID-19 mortality
risk was unequal also in terms of ecological socioeconom-
ic measures. Percentage differences in the age-standardised
mortality rates between the least and the most disadvan-
taged census blocks were greater for COVID-19 mortality
than for overall mortality, suggesting that the Coronavirus
outbreak has had a stronger impact on the most socioec-
onomically deprived areas. Although clear gradients were
not always present, people living in the most disadvan-
taged census blocks experienced the highest absolute and
relative risk of dying. Rate differences were larger among
men, but mortality rate ratios did not show the same pat-
tern, especially for the COVID-19 mortality.

INTERPRETATION

Inequalities in mortality from all causes and major causes
of death at the population level are widely reported nation-
ally and internationally.27.28 Therefore it comes as no sur-

prise to find unpalatable socioeconomic differences in over-
all mortality, in fact they have already been documented in
Emilia-Romagna.29-31 However, on the basis of the wide-
spread perception of a «democratic virus», which was ech-
oed by the message of the Director-General of the World
Health Organisation that «COVID-19 does not discrimi-
nate between rich nations and poor, [...] nationalities, eth-
nicities or ideologies»,32 one would expect COVID-19
risk and outcomes not to be socially patterned. Unfortu-
nately, the reports that so far have focused on the unequal
burden of disease and mortality in relation to COVID-19
have consistently shown that the most deprived strata of
the population are experiencing the greatest risks of infec-
tion, hospitalisation and adverse outcomes.!5-19 Increased
educational inequalities during the first trimester of 2020
have been reported also in Italy.20

The results of our study support the hypothesis that the
COVID-19 mortality burden is heavier on the most dis-
advantaged areas of the Emilia-Romagna Region, which
we have defined on the basis of three ecological indica-
tors that reflect the material conditions and the socio-cul-
tural environment in which people live. Moreover, we also
showed that the relative differences between the least and
the most disadvantaged areas were greater for COVID-19
mortality than for overall mortality, suggesting that COV-
ID-19 related disparities may go above and beyond what
we would expect for total mortality. It has been argued that
the mechanisms underlying health inequalities during the
COVID-19 outbreak are multifaceted.8:33 People living
the most socially and economically deprived neighbour-
hoods, which may overlap those where migrants or ethnic
minorities live, may be more exposed to the risk of infec-
tion from SARS-CoV-2 and to its adverse outcomes. On
the one hand, they are more likely to experience poor hous-
ing conditions and overcrowding, which is a well-known
risk factor for respiratory and gastrointestinal infections,34
and that may prevent individuals from distancing and/or
self-isolating appropriately. On the other hand, those peo-
ple are more often employed in «essential jobs» that entail a
greater interaction with others and cannot be done remote-
ly (i.e. cleaners, caregivers, sale assistants) and may make
them less able to practice an effective physical distancing.16
In addition, the most deprived population groups have a
higher prevalence of chronic conditions and unhealthy be-
haviours,35 including smoking,36 and may face greater bar-
riers in timely accessing the health system,37 all conditions
that increase their frailty and then their vulnerability to the
adverse outcomes of COVID-19.3 In our study, we relied
only on mortality data and therefore we are unable to tell
whether the observed disparities are attributable to differ-
ences in exposure, incidence, and susceptibility among the
exposed or to the severity of the clinical conditions which
are linked to both the presence of comorbidities and/or ob-
stacles to health care access. Future analyses may help to
shed light on these complex pathways.
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Age-adjusted mortality rate differences were always larg-
er for men, but this was not the case for relative differ-
ences, notably for the COVID-19 mortality, where men
and women showed comparable increases in the mortali-
ty risk. Similar findings have been reported by Krieger N,
et al. for the excess mortality in Massachusetts, USA, dur-
ing the first two weeks of April 2020.38 COVID-19 mot-
tality gender differential have been shown to vary also by
age groups.3? These results highlight the importance of
looking at both absolute and relative differences, collect-
ing gender and age disaggregated data and fostering an in-
formed debate on the association between the social as-
pects of gender and/or the gender-linked biology and the
exposure and susceptibility to COVID-19.38

STRENGTHS AND LIMITATIONS

In this study we looked at deaths occurred in March and
April, the two months during which the death toll was
highest in Emilia-Romagna.2 Unlikely the number of
confirmed cases, which depends on the testing strategies
and coverage, the number of deaths remains a strong indi-
cator of the health status of the population. Still, a certain
under-reporting of deaths due to COVID-19 is possible
mainly because people may have died at home or in com-
munity settings (i.e., nursing facilities) before being tested
for SARS-CoV-2. This may have been an issue particular-
ly in the first weeks of the spring outbreak when the de-
mand for testing and health care assistance outnumbered
the capacity of the health system. Disparities in the COV-
ID-19 mortality may be underestimated if living in dis-
advantaged areas was associated with a lower testing rates
and a lower access to the health system. Evidence on the
unequal access to testing by socioeconomic conditions is
currently unavailable but this possibility cannot be com-
pletely ruled out, as informal communications with health
care professionals locally involved in the emergency man-
agement seem to suggest that this may have happened in
some instances.

Although the linkage processes were highly successful, not
all deceased were assigned a census block and therefore
they were not included in the analyses. If the probability of
linkage depended on the area of residence, we could have
either underestimated or overestimated the magnitude of
disparities by ecological socioeconomic measures.

It has been reported that area level socioeconomic measures
tend to reveal smaller associations with health outcomes
than individual indicators of socioeconomic position.40
This underestimation of the association arises from the mis-
classification of individual socioeconomic conditions when
measured by the characteristics of the residential area; the
larger the area the greater the misclassification.4! In this
work, the analyses were carried out at census block level
that on average contains 120 individuals and is the small-
est area for which aggregated information on socioeconom-
ic attributes are available: this should minimise the misclas-

MORTALITA

sification embedded in this type of measure. This limitation
may be overcome by using individual indicators of socioec-
onomic position, which are usually retrieved through the
linkage of multiple health and statistical datasets. The Emil-
ia-Romagna Region has recently set up a regional longitudi-
nal study (Emilia-Romagna longitudinal study), a monitor-
ing system based on the integration of the RPHR, the 2011
census and the electronic health records, including the mor-
tality register, which gathers socioeconomic and clinical in-
formation at individual level for the resident population.3!
The analysis of these data, along with the causes of death
that will become available over the next few months, will
allow a deeper and finer investigation of the direct and indi-
rect impact of the COVID-19 outbreak on socioeconomic
inequalities in health at regional level.

Despite the above-mentioned limitations, our results are
still relevant to help identifying the population groups that
have been hardest hit by the recent COVID-19 outbreak
and that are likely to be hit again in case of new COV-
ID-19 surges. The scientific community has argued that
the identification of high-risk communities in the pan-
demic context is not only a key element to inform an effec-
tive health and economic resources allocation in times of
human resources and financial constraints but also a fun-
damental step to call on governments for the implementa-
tion of health care, social, economic, and cultural measures
to promote people’s right to health and reduce health ine-
qualities, and to hold them accountable for their policy re-
ponse.8.10.16

People living in the most disadvantaged census block of
the Emilia-Romagna showed an increased risk of overall
and COVID-19 death during the first epidemic peak. Al-
though further research is needed to study the association
between individual indicators of socioeconomic position
and overall and cause-specific mortality, these descriptive
yet informative results are relevant to document inequali-
ties and to inform regional public health policies and inter-
ventions in case of new COVID-19 surges.
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