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Geographic heterogeneity of the
epidemiological impact of the
COVID-19 pandemic in ltaly using
a socioeconomic proxy-based
classification of the national
territory

Alessio Petrelli'*, Martina Ventura?', Anteo Di Napoli*,
Alberto Mateo-Urdiales?, Patrizio Pezzotti? and Massimo Fabiani?

!Epidemiology Unit, National Institute for Health, Migration and Poverty (INMP), Rome, Italy, 2Unit of
Epidemiology, Biostatistics and Mathematical Modelling, Department of Infectious Diseases, Istituto
Superiore di Sanita, Rome, Italy

Objectives: This study aimed to evaluate the differences in incidence, non-
intensive care unit (hon-ICU) and intensive care unit (ICU) hospital admissions,
and COVID-19-related mortality between the “inner areas” of lItaly and its
metropolitan areas.

Study design: Retrospective population-based study conducted from the
beginning of the pandemic in Italy (20 February 2020) to 31 March 2022.

Methods: The municipalities of Italy were classified into metropolitan areas, peri-
urban/intermediate areas and ‘inner areas” (peripheral/ultra-peripheral). The
exposure variable was residence in an “inner area” of Italy. Incidence of diagnosis
of SARS-CoV-2 infection, non-ICU and ICU hospital admissions and death within
30days from diagnosis were the outcomes of the study. COVID-19 vaccination
access was also evaluated. Crude and age-standardized rates were calculated for
all the study outcomes. The association between the type of area of residence
and each outcome under study was evaluated by calculating the ratios between
the standardized rates. All the analyses were stratified by period of observation
(original Wuhan strain, Alpha variant, Delta variant, Omicron variant).

Results: Incidence and non-ICUs admissions rates were lower in “inner areas.”
ICU admission and mortality rates were much lower in “inner areas” in the early
phases of the pandemic, but this protection progressively diminished, with a slight
excess risk observed in the “inner areas” during the Omicron period. The greater
vaccination coverage in metropolitan areas may explain this trend.

Conclusion: Prioritizing healthcare planning through the strengthening of the
primary prevention policies in the peripheral areas of ltaly is fundamental to
guarantee health equity policies.

COVID-19, geographic inequalities, rural, metropolitan, social vulnerabilities
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Introduction

Italy has been one of the countries hit hardest by the COVID-19
pandemic. Official estimates report that at the beginning of October
2022, about 41% of the resident population of Italy had contracted the
virus (1). This proportion is obviously underestimated, especially
since the spread of the Omicron variant, both because only some of
the asymptomatic cases have been diagnosed, given that contact
tracing has been essentially suspended, and because of the widespread
use of COVID-19 home testing kits. By the same date in early October,
COVID-19 had caused 177,000 deaths in Italy, with one of the highest
mortality rates in the world before the introduction of the vaccine, and
with mortality remaining high despite extensive vaccination coverage
(1). COVID-19 has contributed to widening socioeconomic
inequalities both directly and indirectly. Directly, the most
disadvantaged social groups of the population (2, 3), including
immigrants (4), have been more seriously affected, in terms of the
number of infections and outcomes. With the obvious exception of
healthcare professionals, these same disadvantaged individuals have
been indirectly impacted by the suspension and rescheduling of all
non-urgent care so as to provide medical assistance to COVID-19
patients. During the pandemic, a reduction in access to healthcare
services has been observed, in part due to the saturation of availability
of services because of the COVID-19 emergency but also due to the
perception, real or otherwise, that healthcare facilities are potential
sources of infection. The reduction in access has been higher among
the most socioeconomically disadvantaged groups of the
population (5).

Even before the pandemic, individual socioeconomic inequalities
in Italy were compounded by geographic area-related inequalities.
Regardless of socioeconomic level, in fact, the life expectancy of
individuals residing in the southern regions of Italy is 1 year less than
that of persons residing in the central and northern regions (6). This
is true for education level as well, which is known to be a robust proxy
for individual socioeconomic level (6). The differences in life
expectancy between the North and the South, which decreased in
2020 as an effect of the pandemic (the first wave struck especially the
northern regions), increased in 2021, reaching a value of 1.7 years (7).

A considerable amount of literature has been published on the
evaluation of the role of living environment in health behaviors and
outcomes, analyzing the geographic heterogeneity in regional areas
that do not necessarily correspond to regional, provincial, or
municipal administrative areas. This literature has focused in
particular on the concepts of urbanization and of population
density (8).

Living in an urban context is associated with a higher incidence
of environmental pollution-related diseases (9), while in rural areas
higher incidences of and mortality due to diabetes (8, 10, 11),
screening-preventable (12, 13) or lifestyle-associated (13) cancer, and
suicide (14) have been observed. Regarding cardiovascular diseases,
the evidence has not always been consistent (8, 15). The differing
distribution of distal social determinants such as poverty, low
socioeconomic level (16), and/or belonging to an ethnic minority (17),
associated with an unhealthy lifestyle, are often at the root of the
geographic differences observed.

The COVID-19 pandemic has had a very heterogenous impact on
populations. Known risk factors like population density of the area of
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residence, dwelling density, and mobility (18) have interacted with
conditions of health and social vulnerability, determining worse
outcomes in disadvantaged groups. The term syndemic has often been
used to describe a health outcome determined by indissolubly
intersecting diseases and social factors (19, 20).

In this sense, although an urban setting is a potential risk factor
for infection, it has been seen that the pandemic has struck rural areas
in a number of countries (21-24) more harshly in terms of the number
of infections and of mortality, except in the first wave.

Nevertheless, studies on geographic differences in the
epidemiological impact of the pandemic have been mainly
conducted in the United States, especially, and some developing
countries (19, 20, 25-29), despite the topic being extremely
relevant to public health decision-making worldwide, including
Italy (30). In Italy, the National Strategy of “Inner Areas” (SNAI)
recently created a new classification of municipalities, with six
categories on the basis of the distance to the nearest metropolitan
area: metropolitan (municipal or intermunicipal), peri-urban,
intermediate, peripheral, ultra-peripheral. The “inner areas”
include peripheral and ultra-peripheral municipalities and are
characterized by the paucity of essential services such as
education, mobility, and healthcare. These areas thus have a high
risk of social deprivation and health and social care vulnerability,
factors that are closely correlated with COVID-19.

Objective

The aim of the study was to evaluate the differences in incidence,
non-intensive care units (non-ICU) and intensive care unit (ICU)
admissions, and mortality between the “inner areas” and the
metropolitan areas of Italy.

Methods
Study design

The study was based on the resident population in Italy on 1
January 2020. The database used to quantify the cases and outcomes
of COVID-19 was the COVID-19 Integrated Surveillance System of
the Italian National Institute of Health (24). In accordance with Italian
law N. 52 of 19 May 2022, following the law decree N. 24 of 24 March
2022 (Article n. 13), the information on vaccination coverage was
retrieved by the Italian National Institute of Health using data from
the National Immunisation Information System of the Italian Ministry
of Health.

Exposure

The exposure variable for the study was residence in an “inner
area” of Italy, as defined based on the municipality.

To classify the municipalities of Italy, we adopted the concept of
“inner areas” according to the meaning and the methodology defined
in the 2014-2020 SNAI planning cycle, updated for the 2021-2027
planning cycle. The SNAT is a strategic plan of the Italian Territorial
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Cohesion Agency,' a public body supervised by the President of the
Council of Ministers whose objective is to promote economic
development and territorial cohesion so as to eliminate the territorial
differences throughout the country and to strengthen the
administrative abilities of the administrations.

The general objective is to support and develop rural areas that are
in decline or at demographic risk but whose active community
supervision is crucial to the overall maintenance of the territory in
terms of hydrogeological profile, landscape, and cultural identity (31).
“Inner areas” are often characterized by considerable environmental
(water resources, agricultural systems, forests, natural and human
landscapes) and cultural (archaeological sites, historical settlements,
abbeys, small museums, craft centers) resources. They therefore have
great tourism potential, but they are far from the main cities that
provide essential services such as education, health, and mobility, all
of which are available in metropolitan areas.

The classification adopted defines a metropolitan area (municipal
or intermunicipal) as contiguous municipalities or groups of
municipalities that can jointly provide the following essential public
services: at least one classical or scientific high school (liceo) and one
vocational school or technical institute, an Urgent Care center, and a
train station.

The municipalities that are not part of a metropolitan area
(municipal or intermunicipal) are classified in one of four categories
(peri-urban, intermediate, peripheral, ultra-peripheral) according to
the distance in terms of average driving time to the nearest
metropolitan area. “Inner areas” include peripheral and ultra-
peripheral categories. The distance is categorized according to the
mean, the third quartile, and the 95th percentile of overall distribution.
Specifically, the classification of Internal Areas updated for the 2021-
2027 planning cycle was used, which refers to all the Italian
municipalities in 2020 (n =7,903). The municipalities with a driving
time distance from a municipal (A) or intermunicipal (B) metropolitan
area closest to the distribution mean value (27.7 min) were classified
as peri-urban (C - 3,828 municipalities); over that value and up to the
value of the third quartile (40.9min), they were classified as
intermediate (D - 1,928 municipalities). Over that value and up to the
95th percentile (66.9 min), they were classified as peripheral (E - 1,524
municipalities). Finally, those over the 95th percentile (more than
66.9 min) were classified as ultra-peripheral (F - 382 municipalities).
For the purpose of the study, the six categories were aggregated into
three classes: metropolitan areas (A +B), peri-urban/intermediate
areas (C+D), and “inner areas” (peripheral/ultra-peripheral) (E +F).
Figure 1 illustrates the distribution of the municipalities according to
the adopted classification.

Study period

The period of time considered in this study was from the
beginning of the pandemic in Italy (20 February 2020) to 31
March 2022.

1 https://www.agenziacoesione.gov.it/
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FIGURE 1
Distribution of the municipalities in metropolitan (A-B), peri-urban/
intermediate (C-D) and inner (E-F) areas.

The analyses were stratified in periods based on the predominance
of the different variants during the course of the pandemic (32).
Specifically, four time periods were defined as follows:

1. 20 February-31 December 2020, characterized primarily by the
original Wuhan strain

2. 1 January-30 June 2021, characterized primarily by the
Alpha variant

3. 1 July-31 December 2021, characterized primarily by the
Delta variant

4. 1 January-31 March 2022, characterized primarily by the
Omicron variant

Outcomes
The following outcomes were analyzed:
— Incidence of diagnosis of SARS-CoV-2 infection confirmed by
PCR or, from 15 January 2021, by antigen test;
— Incidence of non-ICU hospital admissions, ICU hospital

admissions, and death within 30 days from diagnosis.

COVID-19 vaccination access was also evaluated.

Statistical analyses
The demographic and territorial characteristics of the resident

population of each of the three classes of municipalities (metropolitan
areas, peri-urban/intermediate areas, inner areas) are described
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according to the following variables: population density (people per
km?), surface area, percentage of population in the municipalities with
<10,000 inhabitants and more than 50,000 inhabitants, sex, age class
(0-14, 15-29, 30-44, 45-59, 60-74, and >74 years), geographic area of
residence (North-West, North-East, Center, and South and Islands),
per capita taxable income (measured in Euro) and social and material
vulnerability index. Information about the level of social and material
vulnerability of the municipality of residence was retrieved from the
8milaCensus platform managed by Istat (33). This multidimensional
indicator, updated to 2011, has been computed by ISTAT at the
municipality level, on the basis of seven socio-economic indicators
measuring the incidence of: population with age between 25 and 64
that is illiterate or without qualification; families with at least six
members; single parent families (with age of parent up to 64) over the
total of families; families with possible welfare poverty; population
living in severely crowded conditions; young people (15-29 years)
without occupation; families with children with potential
economic poverty.

The distributions of COVID-19 cases, non-ICU and ICU hospital
admissions, and deaths were also analyzed.

Crude and standardized rates by age, with 95% confidence
intervals (CI), were calculated for all the study outcomes.
Standardization by age was performed with the direct
standardization method, taking as the standard population of
reference that of the total resident population on 1 January 2020.
The association between the type of area of residence and each
outcome under study was evaluated by calculating the ratios
between the standardized rates (RR) with 95% CI, considering the
AB municipality class as the reference category. All the analyses
were stratified by period of observation. The analysis further
stratified by geographic area of residence is provided in the
Supplementary material.

A supplementary analysis was performed on COVID-19
vaccination access. For the population of individuals at least
5years of age, those who had received at least one dose of the
vaccine during the period under study were considered vaccinated,
and the crude and standardized rates of vaccination were
calculated by age (with relative 95% CI), stratified by type of
municipal area and of geographic area of residence. Any difference
between areas in terms of vaccination access were evaluate using
the calculation of the RR with 95% CI.

The analyses were performed using the SAS 9.3 software.

Results

According to the criteria of the classification adopted in this study,
the “inner areas” of Italy cover 33.7% of the total national surface area
and have 9.1% of the population, which in 2020 was 59,641,488
inhabitants. Of this total number of residents in the “inner areas,”
63.4% live in the South and Islands, mainly in municipalities with a
population of fewer than 10,000 inhabitants (63.6%) or with a very low
population density of 53.6 people per km?, against the 789 people per
km? in metropolitan areas. In all the geographic areas the average pro
capita taxable income was higher in the metropolitan areas, decreasing
in the peri-urban/intermediate and again in the inner areas, which
had the lowest values. A north-south gradient was also observed for
all types of areas. Concerning the proportion of the population living
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in a condition of potentially serious social and material vulnerability,
the lowest values were observed in the North of Italy (2.4% and 4.2%,
in the inner areas of the North-West and the North-East, respectively).
Significantly higher proportions were found in the Center (26.5% in
the inner areas) and especially in the South and Islands (84.4% in the
metropolitan areas; Table 1).

Table 2 reports the distribution of COVID-19 cases, non-ICU and
ICU hospital admissions, deaths, and the crude and standardized rates
of the outcomes under study, stratified by period, and class of
municipalities. During the study period, a total amount of 14,364,240
cases of COVID-19, 459,249 non-ICU and 63,582 ICU hospital
admissions, and 132,874 deaths were observed. In the inner areas,
7.8% of the total number of SARS-CoV-2 infections were registered,
7% of non-ICU admissions, 6.6% of ICU admissions, and 7.4%
of deaths.

In the first two periods (Wuhan and Alpha), lower rates for all of
the outcomes under study were observed in the inner areas compared
to those in the metropolitan areas and in the peri-urban/intermediate
areas. The incidence and non-ICU admission rates observed in the
inner areas remained lower than those in the other areas in the
subsequent periods (Delta and Omicron) as well, while no difference
between areas was observed for the more serious outcomes (ICU
admission and death).

The analysis of the rates stratified by geographic area of residence
showed strong geographic heterogeneity (Supplementary Table 1):
while the trend of the rates for the Center and for the South and
Islands was in line with those at the national level, in the North it was
not. Especially in the second period in both the North-East and
North-West, the incidence of COVID-19 and non-ICU admissions
were higher in the inner areas than in the metropolitan and peri-
urban/intermediate areas. Furthermore, rates of ICU admissions (in
the North-East in the first and second period) and of mortality (in the
first period) were higher in the inner areas than in the
metropolitan areas.

Figures 2-5 report the age-adjusted RR with relative 95% CI,
stratified by period and class of municipalities for incidence, non-ICU
admission, ICU admission, and death.

Regarding the incidence of COVID-19, rates in the inner areas in
all phases of the pandemic were lower than those in the metropolitan
areas, particularly in the periods of the original strain (RR: 0.672; 95%
CI: 0.667-0.675), while slighter differences were seen during the
Omicron variant phase (RR: 0.927; 95% CI: 0.925-0.930).

Non-ICU admission rates were always lower in the inner areas
than in the metropolitan areas, especially during the Wuhan + Alpha
phase (RR: 0.635; 95% CI: 0.623-0.648) compared to the Omicron
phase (RR: 0.795; 95% CI: 0.773-0.816).

ICU admission rates were markedly lower in the inner areas
during the Wuhan (RR: 0.547; 95% CI: 0.519-0.576) and Alpha (RR:
0.663; 95% CI: 0.628-0.701) phases. No significant differences were
seen during the Delta phase, while a slight excess risk in the inner
areas was observed in the Omicron phase (RR: 1.106; 95% CI:
1.004-1.219).

Mortality rates for COVID-19 were considerably lower in the
inner areas during the first phase (Wuhan) of the pandemic (RR:
0.673; 95% CI: 0.652-0.695). However, this protection progressively
diminished during the Alpha and Delta phases, and a slight excess risk
was observed in the Omicron phase, at the limit of statistical
significance (RR: 1.042; 95% CI: 0.987-1.100).
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TABLE 1 Demographic and territorial characteristics of the resident population of metropolitan areas, peri-urban/intermediate and inner areas.

Type of area

Metropolitan Peri-urban/intermediate Inner
Population density (people per km?) 789 185.6 53.6 197.4
Surface area (%) 9.3 57 33.7 100
% population resident in municipalities > 50,000
inhabitants 84.1 5.6 1.3 34.5
% population resident in municipalities < 10,000
inhabitants 0.3 45.8 63.6 30.5
Population N Row % N Row % N Row % N
Total 22,235,272 37.3 31,959,035 53.6 5,447,181 9.1 59,641,488
Sex N Col % N Col % N Col % N
M 10,656,285 47.9 15,714,537 49.2 2,679,274 49.2 29,050,096
F 11,578,987 52.1 16,244,498 50.8 2,767,907 50.8 30,591,392
Age class N Col % N Col % N Col % N
0-14 2,797,537 12.6 4,272,663 134 657,354 12.1 7,727,554
15-29 3,276,155 14.7 4,843,140 15.2 836,143 15.4 8,955,438
30-44 4,102,231 18.4 5,966,309 18.7 973,556 17.9 11,042,096
45-59 5,273,366 23.7 7,627,866 239 1,262,728 23.2 14,163,960
60-74 3,979,202 17.9 5,680,507 17.8 1,029,015 18.9 10,688,724
75+ 2,806,781 12.6 3,568,550 11.2 688,385 12.6 7,063,716
Geographic area® N Col % N Col % N Col % N
North-West 4,275,406 19.2 6,628,128 20.7 724,003 133 11,627,537
North-East 5,903,317 26.5 9,612,967 30.1 472,395 8.7 15,988,679
Center 5,862,355 26.4 5,171,097 16.2 797,640 14.6 11,831,092
South and Islands 6,194,194 27.9 10,546,843 33 3,453,143 63.4 20,194,180
Population living in a condition of potential
N Col % N Col % N Col % N
serious social and material vulnerability”
North-West 14,6,959 2.5 155,047 1.6 11,451 2.4 313,457
North-East 28,290 0.7 60,765 0.9 30,525 4.2 119,580
Center 269,857 4.6 1,034,799 20.0 211,175 26.5 1,515,831
South and Islands 5,225,123 84.4 7,074,534 67.1 2,368,782 68.6 14,668,439
Pro capita taxable income (Euro)**
North-West 24,915 21,057 18,046 22,392
North-East 22,767 20,330 19,305 21,152
Center 22,673 18,279 17,605 20,405
South and Islands 18,690 15,052 14,021 15,952

“North-West (Piedmont, Val dAosta, Lombardy, Liguria); North-East (Veneto, Trentino Alto Adige, Friuli Venezia Giulia, Emilia Romagna); Center (Tuscany, Umbria, Marche, Lazio); South

(Abruzzo, Molise, Campania, Apulia, Basilicata, Calabria) and Islands (Sicily, Sardinia).
"First quartile of the distribution of the social and material vulnerability index.
Source: http://dati.istat.it.

The analysis of the data from the National Immunisation
Information System showed national-level crude and standardized
rates of COVID-19 vaccination access that were lower in the inner
areas than in metropolitan areas (77.1 and 85.8%, respectively). The
same was seen in all geographic areas, with more marked differences
in the South and Islands, where vaccination access was even
considerably lower (for all types of areas) than in the other geographic
areas (Supplementary Table 2).

Frontiers in Public Health

Discussion

This study aimed to evaluate the epidemiological impact of the
COVID-19 pandemic on the inner areas of Italy. These areas include
rural areas, those that have low or medium population density, and
small villages and towns, in line with the methodology used for the
classification. These areas are at high risk of social deprivation as they
are considerably far from services of education, healthcare, and rail
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TABLE 2 Distribution of COVID-19 cases, hon-ICU and ICU hospital admissions, and deaths. Crude and age-standardized rates, with 95% confidence intervals (Cl) for all the study outcomes, by class of

municipalities and time period.

%

N

Wuhan
Crude

rate
*1000

Std
rate
*1000

95%Cl

I\

Alpha

Crude
rate
*1000

Std
rate
*1000

95%ClI

N

Delta

Crude
rate
o [0]0]0]

Std
rate
*1000

95%Cl

N

Omicron

Crude
rate
*1000

Std
rate
*1000

95%ClI

Incidence 14,364,240 1 100 | 2,115,782 @  35.48 35.48 (35.43-35.52) | 2,050,899  34.39 34.39 (34.34-34.43) | 2,118,525 35.52 35.52 | (35.47-35.57) | 8,079,034  135.46 135.46 | (135.37-135.55)
Metropolitan areas | 5,398,467 | 37.6 = 814,140 36.61 36.52 (36.44-36.60) = 748,313 33.65 33.73 (33.66-33.81) = 811,636 36.50 36.78 (36.70-36.86) | 3,024,378 | 136.02 137.00 | (136.85-137.16)
Peri-urban/ 7,842,018 | 54.6 | 1,167,550 36.53 36.66 (36.60-36.73) ' 1,144,136 35.80 35.73 (35.66-35.79) | 1,156,556 36.19 35.94 (35.88-36.01) | 4,373,776 | 136.86 135.84 | (135.71-135.96)
intermediate areas
Inner areas 1,123,755 | 7.8 | 134,092 24.62 24.52 (24.39-24.65) | 158,450 29.09 29.24 | (29.09-29.38) = 150,333 27.60 2790 | (27.76-28.04) = 680,880 125.00 127.01 | (126.71-127.32)

Non-ICUs 459,249 | 100 188,913 = 3.17 3.17 (3.15-3.18) | 135,146 227 2.27 (2.25-2.28) | 56,513 0.95 0.95 (0.94-0.96) | 78,677 1.32 1.32 (1.31-1.33)

hospitalization
Metropolitan areas | 184,037 | 40.1 | 75,422 3.39 3.30 (3.28-3.33) 53,454 2.40 235 (2.33-2.37) 23,061 1.04 1.02 (1.00-1.03) 32,100 1.44 1.40 (1.38-1.41)
Peri-urban/ 243,051 529 101,555 3.18 3.27 (3.25-3.29) 72,002 2.25 2.31 (2.29-2.33) 29,258 0.92 0.94 (0.92-0.95) 40,236 1.26 1.30 (1.29-1.31)
intermediate areas
Inner areas 32,161 7.0 11,936 2.19 2.10 (2.06-2.14) 9,690 1.78 1.72 (1.68-1.75) 4,194 0.77 0.75 (0.72-0.77) 6,341 1.16 1.11 (1.08-1.14)

ICU hospitalization 63,582 100 29,446 0.49 0.49 (0.48-0.50) 22,689 0.38 0.38 (0.38-0.39) 6,471 0.11 0.11 (0.10-0.11) 4,976 0.08 0.08 (0.08-0.09)
Metropolitan areas 25,327 39.8 | 12,093 0.54 0.53 (0.52-0.54) 8,863 0.40 0.39 (0.38-0.40) 2,483 0.11 0.11 (0.11-0.11) 1,888 0.08 0.08 (0.08-0.09)
Peri-urban/ 34,055 53.6 | 15,708 0.49 0.50 (0.49-0.51) 12,362 0.39 0.39 (0.39-0.40) 3,419 0.11 0.11 (0.10-0.11) 2,566 0.08 0.08 (0.08-0.09)
intermediate areas
Inner areas 4200 | 66 1,645 0.30 0.29 (0.28-031) | 1,464 027 0.26 (0.25-0.27) 569 0.10 0.10 (0.09-0.11) 522 0.10 0.09 (0.08-0.10)

Mortality 132,874 100 = 70,885 1.19 1.19 (1.18-1.20) 34,928 0.59 0.59 (0.58-0.59) 10,577 0.18 0.18 (0.17-0.18) 16,484 0.28 0.28 (0.27-0.28)
Metropolitan areas 51,589 388 27,178 1.22 1.16 (1.14-1.17) 13,807 0.62 0.59 (0.58-0.60) 4,261 0.19 0.18 (0.18-0.19) 6,343 0.29 0.27 (0.26-0.28)
Peri-urban/ 71,455 53.8 | 39,135 1.22 1.29 (1.28-1.31) 18,487 0.58 0.61 (0.60-0.62) 5,343 0.17 0.18 (0.17-0.18) 8,490 0.27 0.28 (0.28-0.29)
intermediate areas
Inner areas 9,830 7.4 4,572 0.84 0.78 (0.76-0.80) 2,634 0.48 0.45 (0.43-0.47) 973 0.18 0.17 (0.16-0.18) 1,651 0.30 0.28 (0.27-0.29)

Crude and age-standardized rates, with 95% confidence intervals (CI) for all the study outcomes, by class of municipalities and time period.
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Age-adjusted rate ratios with 95%CI of COVID-19 incidence, by study period and class of municipalities. Metropolitan areas as reference category.
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FIGURE 4

Age-adjusted rate ratios with 95%Cl of ICU hospitalization, by study period and class of municipalities. Metropolitan areas as reference category.

0.9 1 11 12 13

transport, as well has having lower income levels. The results of the
study show that the incidence of SARS-CoV-2 infection and non-ICU
admissions were lower in the inner areas of the country than in the
metropolitan areas in all of the time periods examined. These results
are in line with those of another Italian study, which, however, used a
different classification of the territory (34). The inner areas have a
much lower population density than do the metropolitan areas as well
as less mobility; both are important risk factors for the spread of
infection, which could at least partially explain why there has been a
lower incidence of COVID-19 in these areas. In the United States,
instead, where most of the evidence on the geographic differences in
the impact of the pandemic comes from, higher incidence rates were
1, 35), leading to the hypothesis that the
differences may depend mainly on a lower perception of risk and on

seen in rural areas (2

a lower adherence to infection prevention measures there than in
urban areas (21, 36).

We observed lower infection and non-ICU admission rates in
rural areas in all of the time periods examined. ICU admission
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and mortality rates were also lower in the inner areas than in
metropolitan areas, but only during the periods of the Wuhan
strain and the Alpha variant. No differences were observed in the
Delta variant period, and there was a higher risk of ICU
admission and mortality in the inner areas during the Omicron
variant phase.

Furthermore, additional analyses stratified by geographic area
(Supplementary Table 1) showed that the national trend was the
result of two opposing phenomena: while in the North the highest
rates were in the intermediate areas, and in the Omicron phase,
also in the inner areas, in the Center and the South rates were
decidedly much higher in the metropolitan areas. Thus, one could
speculate that living in the inner areas was protective against
infection and non-ICU care admission, but that once infected, the
probability of worse outcomes was greater, particularly in the
most recent periods of the pandemic. While a number of factors
may have contributed to determining this scenario, the
heterogeneity in vaccination access throughout the country may
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at least partially explain the phenomenon. As a matter of fact, the
analyses performed on the data from the COVID-19 National
Vaccination Registry (Supplementary Table 2) show that vaccine
coverage with at least two doses was lower in the inner areas than
in metropolitan areas in all geographic areas, particularly in the
North-West and in the South. Other studies that compared
COVID-19 vaccine coverage in urban and rural areas have shown
lower vaccination access in rural areas (37, 38). The progressive
inversion of the trend seen in the last two observation periods,
especially in terms of the most serious clinical outcomes (ICU
admission and death), may partially reflect the greater vaccine
coverage achieved in metropolitan areas than in the inner areas
starting from the second half of 2021, when the vaccination
campaign had at that point been extended to almost the entire
general population.

Frontiers in Public Health

Although it is not possible to determine any geographic
heterogeneity in terms of the comorbidities of COVID-19 patients,
one could hypothesize that there is a greater proportion of subjects
vulnerable to the outcomes of COVID-19 in the inner areas; previous
analyses have shown higher mortality in inner areas for all causes and
for stroke as well as for ischemic heart disease among males (39).
Evidence from the U.S. shows a strong interaction between the
geographic heterogeneity of the impact of COVID-19 and factors
related to social vulnerabilities, such as occupation (25, 40). An Italian
study has shown a higher prevalence of overweight and obesity in the
rural areas and mountains of Veneto, a large region in the northeast
of Italy (41). However, in our study, the worsening of outcomes in the
inner areas was seen only in the most recent phases of the pandemic,
which seems therefore to limit this possibility. It is plausible, in fact,
that factors tied to the syndemic interpretation of the impact of the
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pandemic and to access to healthcare, such as distance and/or scarcity
of healthcare services, would have been apparent from the beginning
of the pandemic. In this light, the solidity of the Italian National
Health System must be highlighted, especially the hospitals, which are
characterized by universal access.

Strengths and limitations

To our knowledge, this is the first study to evaluate the
heterogeneity of the impact of the COVID-19 pandemic on
metropolitan and inner areas of Italy. The classification criterion
adopted by the National Strategy for the “Internal Areas”
developed by the Territorial Cohesion Agency as of 2013 was used
to achieve the aim of this study. This multidimensional
classification of the territory is based on the education, healthcare,
and public transportation services available. As we believed that
a purely demographic and/or orographic criterion would not
allow an analysis of the complex characteristics of the Italian
territory, the classification system of inner areas made it possible
to highlight those areas at greater risk of socioeconomic and
healthcare vulnerability. The considerable heterogeneity in
economic and social development throughout Italy strongly
depends on easy access to services, which determine how
attractive the population considers an area. Since the end of World
War II, many inner areas have undergone an intense process of
marginalization because of the scarcity of local services and of
employment opportunities, thereby causing migration flows
toward large cities. More recently, many of these areas have not
exploited opportunities for economic valorization, fundamental
to keeping local economies alive and attractive. To this can
be added natural events, in particular earthquakes, which have
further led to abandoning these areas. The result has been a
progressive demographic decrease, a fall in employment, and an
additional, progressive reduction in the quality and quantity of
public services provided at the local level. This phenomenon has
affected the country everywhere.

Nevertheless, the classification system adopted does not allow for
a comparison with other studies because it is not validated, as are not
most of the indicators of urbanization used in the literature (42). This
is therefore a limitation of the study.

Furthermore, because the data available to us are aggregated, not
individual-based, it is not possible to evaluate the effect of important
determinants of health, for example, the presence of disease, lifestyle, and/
or socioeconomic characteristics, the distribution of which throughout
the national territory could account for some of the differences observed.
Another aspect linked to this limitation is that the geographic categories
considered in our study assume a homogenous risk within the areas.
However, there may be some communities at greater risk than others,
which would better explain geographic differences and would thus
contribute to fine tuning targeting interventions.

Finally, we must acknowledge the possibility that the number
of diagnoses of infection (especially when asymptomatic) may
have been underestimated in the inner areas, especially in the
early period of the pandemic, when access to diagnostic tests may
have been more difficult in those areas due to the presences of
fewer access points.
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Conclusion

Our study highlights that the COVID-19 pandemic has also
affected dimensions of health inequality that are not among those
usually observed, with outcomes differing among the areas of
residence and in the time periods of the pandemic examined. Of
particular interest is the observation of a trend toward worse health
outcomes in the inner areas as the pandemic has progressed, plausibly
due to a lower vaccination coverage compared to that in metropolitan
areas. This phenomenon underlines the need to strengthen the
vaccination campaign in the inner areas of Italy. More generally,
questions must be posed concerning the presence of factors of need,
demand, and supply which may determine the differences in health of
the populations of “metropolitan” and “inner” areas, more so in
consideration of the fact that there is potentially greater vulnerability
among the residents of inner areas, with the higher prevalence of
chronic diseases such as diabetes and cardiovascular diseases.

Equity in access to healthcare in the inner areas of Italy and the
need to strengthen primary prevention policies especially in these
areas thus confirm the necessity of prioritizing healthcare planning
that is oriented toward health equity.
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