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What is already known
n The COVID-19 epidemic in Italy was very heterogeneous, geographically and, to a lesser extent, temporally.
n Istat released detailed overall mortality data that allowed investigation of the geographical and temporal
patterns of the epidemic.
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What this study adds:
n This paper provides a weekly classification of the Italian provinces in the period between 26 February and 26
May, based on the relative risk curves of males and females.
n The results here presented highlight the heterogeneity
within the group of provinces that were classified as highrisk by others and the characteristic shape of the RR curves
of this group, which markedly differs from the others.

ABSTRACT
Objectives: to provide a time-varying classification of the
Italian provinces based on the weekly age- and gender-specific relative risks (RR) for overall mortality, obtained comparing
the number of deaths from 13 weeks from the beginning of
the COVID-19 epidemics, with the average number of deaths
from the same period in 2015-19.
Design: population overall mortality data provided by the
Italian National Statistical Office (Istat).
Setting and participants: Italian residents 60 years or
older from 7,357/7,904 Italian municipalities. For the included municipalities, the number of deaths from any cause from
1 January to 30 May 2020 was available for each day of the
2015-2020 period. Data were stratified by gender, 4 age categories (60-69, 70-79, 80-89, 90+), week, and province.
Main outcome measures: province- and gender-specific weekly RR curves (age category vs RR), obtained for 13
weeks between 26 February and 26 May; excess mortality;
time-varying/weekly classification of provinces.
Results: these results provide a weekly classification of
the Italian provinces based on their RR curves in 5 groups,
2 of which had high and very high excess mortality during
the epidemics. Most of the provinces that appeared at least
once in the highest-risk group are neighbouring provinces in
the Northern Regions of Lombardy, Emilia-Romagna, Piedmont, and Marche (in central Italy), where most of the COVID-19 cases and deaths were identified. Temporally, most of
these provinces remained in the highest-risk group for 4 or
5 weeks; those that entered the group later, improved faster.
The overall RR curves for groups differed in magnitude, but
also in the shape, which varied markedly also between men
and women and, most importantly, in the highest-risk group.
Conclusions: this study gives timely re-analysis of the Istat
data at weekly level and provides a classification of the geographical and temporal characteristics of the excess mortality
in the Italian provinces during the COVID-19 epidemics. As expected, the used clustering method groups the provinces that
have similar RR values in the two gender-specific curves. The
results facilitate the presentation of the spatio-temporal mortality patterns of the epidemics and provide evidence of high
heterogeneity in the group of provinces that were defined as
high-risk groups by others, based on their geographical position or on the time of the observed spread of the virus.
Keywords: COVID-19, overall mortality, classification, clustering, Istat

Epidemiol Prev 2020; 44 (5-6) Suppl 2:271-281. doi: 10.19191/EP20.5-6.S2.127

RIASSUNTO
Obiettivi: fornire una classificazione temporale delle pro-

vince italiane basata sulle curve settimanali dei rischi relativi (RR) specifiche per genere, ottenute confrontando il numero di decessi in 13 settimane dall’inizio dell’epidemia di
COVID-19 con il numero medio di decessi dello stesso periodo osservato nel periodo tra il 2015 e il 2019, categorizzando l’età in 4 categorie.
Disegno: mortalità totale fornita dall’Istituto nazionale di
statistica (Istat).
Setting e partecipanti: residenti italiani di 60 anni o più
di 7.357/7.904 comuni italiani. Per i comuni inclusi sono disponibili il numero di decessi per ogni causa dal 1° gennaio
al 30 maggio 2020 per ogni giorno negli anni 2015-20. I dati
sono stratificati per genere, in 4 categorie di età (60-69, 7079, 80-89, 90+), settimana e provincia.
Principali misure di outcome: curve settimanali di RR,
specifiche per genere, delle province italiane nel periodo tra il
26 febbraio e il 26 maggio; eccesso di mortalità; classificazione tempo-dipendente (settimanale) delle province.
Risultati: i risultati di questo studio forniscono una classificazione settimanale delle province italiane basata sulle loro
curve di RR in 5 gruppi, due dei quali con eccesso di mortalità alta o altissima durante l’epidemia. La maggior parte delle
province classificate nel gruppo ad altissimo rischio è localizzata nelle regioni del Nord della Lombardia, Emilia-Romagna,
Piemonte, e nelle Marche (Italia centrale) dove è stata identificata la maggior parte dei casi di COVID-19. Dal punto di vista temporale, la maggior parte di queste province rimane nel
gruppo per 4 o 5 settimane; la permanenza è minore per le
province classificate più tardi nel gruppo. Le curve dei RR differiscono per RR complessivo, ma anche nella loro forma, che
varia sostanzialmente tra uomini e donne e, ancor più, nel
gruppo ad altissimo rischio.
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Conclusioni: questo lavoro fornisce un’analisi tempestiva
dei dati forniti all’inizio di luglio dall’Istat a livello proponendo una classificazione spazio-temporale delle province italiane in base alle loro caratteristiche di mortalità durante l’epidemia di COVID-19. Come atteso, il metodo di clustering usato
raggruppa le province che hanno valori di RR simili nelle curve dei RR. I risultati semplificano la presentazione spazio-tem-

INTRODUCTION
Italy was the first European country to be hit by the Coronavirus disease (COVID-19) and its spread and severity
was very heterogeneous, mostly geographically, but also
from the temporal point of view. The first community acquired case was reported on 20 February 2020; in terms of
deaths the epidemic reached its peak at the end of March.
Overall, in March and April the number of positive cases
and deaths was similar (more than 100,000 positive cases
and about 15,000 COVID-19 deaths), while in May the
numbers dropped to 25,000 positives and 4,000 COVID-19 deaths.1 Lombardy was the most involved region,
with about 40% of the positives and 50% of the COVID-19 deaths, and 39% of the positives and 35% of COVID-19 deaths were reported in its neighbouring regions of
Piedmont, Emilia-Romagna, Veneto, Liguria, and Trentino Alto Adige.
The impact of the epidemic was measured also with the
number of deaths, regardless of their cause (overall deaths
in the following). The weekly monitoring system of daily mortality (Sistema di sorveglianza rapido della mortalità giornaliera, SISMG) based on the data from 32 cities
detected a substantial excess mortality of the elder population in Northern Italy since mid-March, which peaked
at the beginning of April and decreased afterwards, almost
returning to the expected number of deaths in the second
week of May; Central, and Southern Italy were less affected.2 The Italian National Institute of Statistics (Istat) provided the daily number of deaths until 30 May, stratified
by gender and in 21 age categories, at municipality level,
covering about 95% of the population.3 These data confirmed the temporal and geographic heterogeneity of the
epidemics also in terms of overall deaths. In Lombardy, the
peak of excess deaths was reached in March, with 190%
increase in overall mortality, in the neighbouring Regions
in April,3 ranging from 30% excess mortality in Veneto
to 71% in Piedmont and Trentino Alto Adige. Istat proposed a three-group classification of the Italian provinces
based on the standardized cumulative incidence rates (by
30 April or 30 May)3,4 and showed substantial differences of excess mortality in the three groups in the months
of March and April. The high-incidence group included
mostly provinces from Nothern Italy. Blangiardo et al.5
and Biggeri et al.6 used spatio-temporal and hierarchical
Bayesian models to re-analyse the Istat data and modelled
the weekly number of municipal deaths to highlight the
spatial-temporal characteristics of the first two months of
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porale dei pattern di mortalità registrati durante l’epidemia e
forniscono evidenza dell’alta eterogeneità nel gruppo di province definite ad alto rischio da altri, basandosi sulla loro posizione geografica o sulla diffusione del virus.
Parole chiave: COVID-19, mortalità per tutte le cause, classificazione,
clustering, Istat

the epidemic and observed marked geographical differences in excess deaths.
The aim of this paper was to provide a time-varying classification of the Italian provinces during the COVID-19
epidemics based on their age- and gender-specific excess
mortality patterns. The study focused on the population
of 60 years or older and analysed the mortality data provided by Istat for 13 weeks (from 26 February till 26 May
2020). This study does not aim at providing a modelling
approach for the analysis of excess mortality, but at facilitating the presentation of the spatio-temporal characteristics of the epidemics in Italy at weekly, and provincial level.
The analysis was based on the curves of age category versus relative risks (RR curves in the following), estimated
for each week, province, and gender. The RR curves were
clustered, with the purpose of identifying the general ageand gender-specific excess mortality patterns in the time of
COVID-19 epidemics in Italy, while taking into account
different levels of excess mortality. The different clusters
provide an aid in the explanation of the temporal and geographic heterogeneity observed during the epidemics.
The clustering method used is based on generalized minimum variance criterion, which searches for clusters with
small within-cluster variance. Using such a criterion should
identify clusters with similar magnitude of the RR values
that constitute the two gender-specific curves; therefore,
merging provinces with similar excess mortality across agegender categories, providing overall average RR shapes for
each cluster. This method was successfully applied to the
world population pyramids data where age-gender structures (i.e., their shapes) were identified and associated to
the theoretical Demographic Transition Model.7 Furthermore, considering data in time, structural changes were
observed. The use of the clustering method allowed to use
richer description of excess mortality data (i.e., confidence
bounds) and the possibility to consider contributions of
each included variable differently for the final result.

METHODS
Data

Data published on 9 July 2020 provided by Istat were
used,8 including the number of deaths observed daily from
1 January to 31 May 2020 in 7,357 of the 7,904 Italian
municipalities, covering 95% of the Italian population
and excluding only the municipalities for which the information provided was not considered reliable.4 Data were
stratified by gender and divided in 21 class categories (0,
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1-5, 6-10, …, 91-95, and 96+ years old). The daily stratified number of deaths that occurred from 2015 to 2019 in
the same period was also published to make comparisons
with the possible previous years.
The population of the municipalities at 1 January 2019,
stratified by gender and age category was retrieved from the
interactive web page of Istat (http://dati.istat.it). The number of inhabitants for 2020 was not available, therefore the
2019 population was used as an approximation of it.
The data about the official number of COVID-19 positive
patients stratified by province was retrieved from the official data provided by Protezione Civile1 summarized in the
COVID-19 ita R package.9

Statistical methods
Definition of RR curves

The overall mortality of the year 2020 was compared to
the average mortality of years 2015-2019 defining relative
risk (RR) of overall death as the number of observed deaths
in 2020 divided by the average number of observed deaths
in 2015-19. The analysis was restricted to inhabitants 60
years or older, using four age categories (60-69, 70-79, 8089, 90+). Municipality data were aggregated at provincial
level. Ninety-five percent confidence intervals (95%CI)
of each RR were approximated using the number of inhabitants of the municipalities included in the province at
01.01.2019 as the number of persons at risk in both periods, as the population data for 2020 were not available.
Age and gender RR were derived for 13 weeks (starting
from 26 February − week 1, till 26 May − week 13). In the
following ‘RR curves’ indicates the gender-specific ordered
collection of the four RR obtained for each province and
week (each province thus contributes 26 RR curves, 26
lower and 26 upper bounds for the 95%CI of RR).
The analysis was repeated also on a subset of 39 provinces that were identified as provinces with high-incidence
of the virus, defined as those with standardized cumulative incidence rates by 30 April with at least 1.5 cases per
1,000 residents.4 The 39 high-incidence provinces were located mostly in Northern Italy (12 in Lombardy; 8 in Piedmont; 5 in Emilia-Romagna; 3 in Veneto and Liguria; 2
in Marche, Tuscany, and Trentino-Alto Adige; 1 in Friuli
Venezia Giulia; 1 in Abruzzo). The aim of this sub-analysis was to identify more subtle differences between the RR
curves of the high-incidence provinces.
For clustering and most graphical representations, RR was
log-transformed due to positive asymmetric distribution
of the RR.
Definition of clustering methods

RR curves (and their 95%CI) can be described as symbolic variables, each constituted by a 4-component vector. In
this form, they resemble modal-valued variables,10 however they are not empirical frequency distributions of any
underlying variable. The aglomerative clustering method
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for clustering modal-valued data based on squared Euclidean distance11,12 was adapted and applied to the RR curves
(and their confidence intervals). The method was successfully used in a similar problem when clustering world population pyramids.7 The adaptation of the present study
consisted of setting weights pertaining to each symbolic
variable to 1. This clustering method allowed the authors
to include gender-specific RR vectors, and their lower/upper 95% confidence bound vectors in the same clustering
procedure, specifying also their contribution to the result.
Confidence intervals (their width) include some information about how much each estimated RR can be trusted,
therefore a contribution of 1 for RR and 0.25 was used
for both CI bounds. The unit of clustering was ‘province/
week’, so each province appears 13 times. In clustering, 6
symbolic variables were considered for each unit: RR curve
with CI for each gender.
In this agglomerative clustering procedure, the use of
squared Euclidean distance pertains to the extension of
the well-known and widely used classical Ward’s minimum
variance method13 to symbolic data. Hence, the dissimilarity between clusters is minimized according to the squared
distance between clusters optimal representatives (in this
case, for each component of each symbolic variables separately, then summed). Such optimization merges clusters
with similar absolute variable values and, further, identifies the shapes of such clusters. An optimal representative
is computed for every cluster and since it summarizes it, it
is also denoted as an ‘average profile’. The procedure of any
agglomerative clustering can be presented with a dendrogram (a merging tree of all clustering units), where heights
above merged branches present the dissimilarity between
clusters. Clusters were additionally ordered by overall excess mortality for each province (see Supplement figure S1
of a dendrogram, most right column).
The number of clusters used for classification was determined subjectively, examining the dendrogram, aiming at
defining few main clusters and large differences between
them. It has been evaluated whether the results obtained
using the symbolic clustering procedure produces classification results that differ substantially from those obtainable using the classical Ward’s method. Note that the two
methods differ in that Ward’s procedure uses only the RR
curves, while the confidence bounds are not considered;
thus, the information about how much each RR curve can
be trusted is lost.
Additional summary measures

Overall relative risks for the clusters were obtained summing the events that occurred in all the provinces/weeks
included in the cluster (regardless of age and gender). The
weekly standardized number of positive patients was defined as the number of inhabitants of each province that
tested positive during the week per 1,000 inhabitants of
the province.
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Computational aspects

Data were analysed using R language.14 The code developed for data analysis is available upon request.

RESULTS
The clustering of the weekly RR curves of the provinces identified 5 clusters (figure 1 for geographical presentation, Supplementary figure S1 for the dendrogram sorted
by ascending excess mortality). Two clusters included the
provinces and the weeks where large (cluster 4, overall RR:
1.9, 13% of provinces included) or extremely large (cluster 5, overall RR: 4.6, 3% of provinces) excess of mortality were observed.
The average profiles of the clusters are shown in figure 2
and the gender- and age-specific overall RR of the provinces for the weeks when they were included in the 5 clusters
are shown in table 1.
Lodi was the first province classified in cluster 5 (week 1,
starting 26th February), followed by Bergamo and Cremona (week 2), Piacenza, Brescia, and Parma (week 3), Lecco,
Mantua, Monza-Brianza, Pavia, Pesaro e Urbino, Bolzano, and Valle d’Aosta (week 4), and Sondrio (week 5); the
number of provinces in cluster 5 with extremely large excess mortality reached its peak at week 5 and decreased
afterwards (Parma, Piacenza, Bergamo, and Brescia remained in the group until week 6, Lecco until week 7, and
Pavia until week 8). Overall, cluster 5 included 14 different
provinces, most of which remained in the cluster for 4 or 5
weeks. Among the Regions from Lombardy only Milano,
Varese, and Como were never included in cluster 5. The
province of Pesaro e Urbino (Marche Region, Central Italy) was the only province geographically distant from the
other provinces from cluster 5. The RR curves of the provinces included at least once in cluster 5 are shown in figures 3 and 4 for females and males, respectively. The RR
curves for all the provinces are included as Supplementary
material, section 3.
Cluster 4 was characterized by lower RR and, roughly
speaking, mostly included the provinces located in the geographical area surrounding the provinces from cluster 5.
Interestingly, Milan and Turin, the two biggest provinces
of the North that were never included in cluster 5, were included in cluster 4 for the longest time in their Region (8
and 6 weeks, respectively). By week 10 only four provinces were in cluster 4 (Milano, Monza-Brianza, Rimini, and
Varese), only Pavia in week 11 and none afterwards.
The average length of inclusion in high-risk clusters 4 and
5 was 4 weeks; Bergamo, Brescia, Cremona, Mantova,
Milano, Monza-Brianza, and Parma were included for 8
weeks, and Pavia for 9 weeks.
Cluster 3 included the majority of provinces (46%) and its
overall RR was 1.1 and the RR increased with age, but the
deviations from 1 were above 10% only in the 80+ classes for males and in the 90+ class for females. Cluster 2 included 26% of the provinces with overall RR: 0.98, this
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cluster could be interpreted as the group of Regions where
the number of deaths in 2020 was similar to the number
of deaths observed in the previous years. Cluster 1 included smaller provinces (11%), where few deaths were expected in the youngest age group and was characterized by 0
observed events in the group of females aged 60-69. This
was clearly an artefact of clustering and no special meaning
should be attributed to cluster 1.
To assess the relationship between the RRs that constitute the RR curves, and thus explore their contribution
to clustering, this study evaluated the correlation between
age-gender RR (see Supplement, section 1.1). Overall, the
RR were highly positively correlated, and the RR from females aged 60-69 differed the most from other RR, due to
many observed 0 values (no deaths observed in the category during the week, average correlation with other variables=0.3); the most correlated RR were those from males
in the 70-79 and 80-89 categories (cor=0.8, Supplement
Figure S2).
From the classification point of view the clusters 4 and 5
were the most similar, followed by cluster 2 and 3, while
cluster 1 formed a separate group (see Supplement, figure S1).
With Ward’s clustering the structure of the dendrogram remained similar, identifying five main clusters. The cluster
5 (with extremely large excess mortality) was smaller compared to the cluster 5 obtained using symbolic clustering,
and its average profiles differed even more from the profiles
of the other clusters for both genders (Supplement, figure
S5). Overall, both clustering results yielded similar interpretation. However, in Ward’s procedure also cluster 2 was
characterized by an artifact in the group of females aged
60-69, due to small counts.
The clustering results resembled closely the graphical impression given by the geographical display of observed
weekly RR at provincial level (figure 5) and the standardized number of positives (Supplementary figure S2). It
is interesting to note that the weekly overall RR and the
standardized number of positives were highly associated and that they generally reached their peak in the same
week, especially in the provinces with highest risk (as Bergamo), rather than showing a lagged behaviour where the
peak of positives preceded by one week or two weeks the
peak of overall RR (as in Cremona, Monza-Brianza, Mantua, and Pesaro e Urbino, where the peak occurred later, see
figure 6). The clusters differed markedly in terms of standardized number of positives (medians (IQR): 1.4 (1.0-2),
0.8(0.5-1.0), 0.3(0.2-0.6), 0.1(0-0.3),0.4(0-0.6)/1,000 inhabitants for cluster 5 to 1, respectively) and most of weeks
where the provincial weekly incidence was above 1/1,000
inhabitants were classified in cluster 5.
A sub-analysis of high-incidence class provinces (as defined
by Istat) can be found in Supplement, section 2. Three clusters were identified with the two with most extreme mortality being very similar to clusters 4 and 5 when clustering
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Figure 1. Weekly classification of the provinces based on the clustering of the RR curves.
Figura 1. Classificazione settimanale delle province basata sui risultati di clustering delle curve
di rischio relativo (RR).
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Figure 2. Average profiles for the five clusters identified using the clustering method (male and female RR curves with lower and upper 95%CI bounds).
Figura 2. Profili medi dei cinque gruppi identificati usando il metodo di clustering (curve RR per maschi e femmine con i limiti degli IC95%).

60-69 years

70-79 years

80-89 years

90+ years

Cluster 5 - Males

5.06

(1,373/271)

6.44

(3,682/572)

5.2

(4,587/882)

4.26

(1,430/335)

Cluster 5 - Females

3.4

(508/149)

4.2

(1,724/411)

3.98

(4,311/1,083)

3.88

(3,612/931)

Cluster 4 - Males

1.75

(2,415/1,377)

1.91

(5,609/2,941)

2.09

(9,503/4,552)

2.03

(3,751/1845)

Cluster 4 - Females

1.47

(1,187/805)

1.72

(3,515/2,038)

1.85

(9,868/5,323)

2

(9,289/4,643)

Cluster 3 - Males

1.07

(5,404/5,055)

1.06

(10,996/10,325)

1.11

(17,533/15,810)

1.24

(7,938/6,391)

Cluster 3 - Females

0.98

(3,016/3,089)

1.04

(7,635/7,356)

1.05

(19,242/18,348)

1.17

(17,258/14,721)

Cluster 2 - Males

0.72

(1,182/1,633)

0.99

(3,012/3,054)

1.01

(4,851/4,783)

0.9

(1,842/2,038)

Cluster 2 - Females

1.14

(995/876)

0.88

(1,866/2,112)

0.99

(5,388/5,449)

1.08

(4,728/4,387)

Cluster 1 - Males

1.07

(440/410)

1.15

(1,000/867)

1.21

(1,643/1,356)

1.23

(699/567)

Cluster 1 - Females

0

(0/219)

1.15

(670/582)

1.15

(1,804/1,568)

1.18

(1,515/1,283)

Table 1. Overall RR (number of weekly deaths (2020/ mean number in 2015-19)) for the five clusters; all the events observed for the provinces classified in a cluster
were summed.
Tabella 1. RR complessivo (numero di morti per settimana (2020/numero medio nel periodo 2015-19)) per i cinque gruppi; gli eventi osservati nelle province classificate
nel gruppo sono stati sommati.

all provinces. A deviation was detected in the least affected
group, where bigger deviations from RR values of 1 were
observed than in cluster 3 when clustering all provinces.

CONCLUSIONS
The effect of the COVID-19 epidemics on overall mortality in Italy was very heterogeneous, mostly from the
geographical point of view, but also temporally. Overall
mortality data provided by Istat were used for the period
between 26 February and 26 May (13 weeks) and an analysis of the age- and gender-specific excess deaths at provincial and weekly level was performed with the aim of
identifying the time-varying patterns of excess mortality
while taking all the RR values into account. The available
information about excess mortality was summarised using
provincial weekly gender-specific RR curves as our unit
of analysis and used clustering method for symbolic data,
which minimizes intra-cluster variability, to obtain a timevarying classification of the provinces during the epidemic.
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Istat proposed a three-class categorization of the Italian
provinces based on the standardized cumulative incidence
rates of the virus. The reports of SISMG used a two-group
classification, grouping the Northern Regions and the
Central-South regions. The results of this study indicate
the presence of 4 (relevant) groups at national level and
of 3 groups within the group of provinces with high-incidence of the virus. The provinces included in the high-risk
groups by Istat and SISMG show high heterogeneity and a
within group subcategorization of the provinces that were
so far grouped in a high-risk group is useful for a better understanding of the dynamics of the epidemic. The provinces where the virus appeared first (by mid-March) remained
in the highest-risk group for four of five weeks, while the
length was generally limited to 1 or 2 weeks for the provinces where the effects of the virus were apparent later. The
only exception was Pavia, where excess deaths did not have
a distinct peak. Typically, the highest-risk categorization
was followed by 3 or 4 weeks in the high-risk group.
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Figure 3. RR curves for males from the provinces included in cluster 5 at least once.
Figura 3. Curve dei RR per per i maschi delle province incluse nel gruppo 5 almeno una volta.
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Figure 4. RR curves for females from the provinces included in cluster 5 at least once.
Figura 4. Curve dei RR per le femmine delle province incluse nel gruppo 5 almeno una volta.
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Figure 5. Overall weekly RR at provincial level during the COVID-19 epidemics.
Figura 5. RR settimanali complessivi a livello provinciale durante l’epidemia COVID-19.
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Figure 6. Overall RR and number of weekly positives per 1,000 inhabitants, provincial level during the COVID-19 epidemics.
Figura 6. RR settimanali complessivi e numero di positivi al COVID-19 per 1.000 abitanti a livello provinciale durante l’epidemia COVID-19.

An interesting finding is the very distinct pattern of the
RR curves of the highest-risk group. In this group, the
RR peaks in the 70-79 class group for both genders, more
markedly for men. This peak is a unique characteristic of
the highest-risk group, as the other RR curves tend to increase or stabilize with age. The RR curves of men tend to
be higher than those of women but the differences, which
are large for the younger age categories, tend to diminish
or disappear for older age groups. Provinces with moderate risks (as those in cluster 3 of complete analysis and
cluster 1 of the analysis of high-incidence provinces) show
very limited evidence of increased mortality in the younger age groups. It is important to note that the shapes of the
RR curves change markedly during the time of epidemics
within the same province. For example, limiting the atten-
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tion to the weeks where the provinces are categorized in the
high-risk groups, the shapes of the RR are consistent with
the average RR curves of the highest-risk group in the first
weeks, while at the end of the period the RR increases with
age and usually only the eldest experience excess deaths.
The analysis of RR curves also allows the identification of
provinces with overall RR that does not deviate substantially from the expected values of 1, but that present some
local deviations that are typical of the COVID-19 patterns
of mortality.
Despite the fact that the clustering results are summarized
by the gender-specific average profile RR curves of each of
the clusters, it is expected that some of the provinces might
exhibit shapes that differ from the average pattern, as male
and female RR curves are included in the same cluster-
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ing procedure, and the clusters are relatively large. For example, in some weeks, some provinces with large overall
RR were classified in the highest-risk group, without exhibiting the peak in the 70-79 age group; others, where the
peak was observed but the overall RR was moderate, were
not. The choice of squared Euclidean distance as dissimilarity measure in clustering pursues the aim of merging
RR curves that have similar values in the two gender-specific curves, rather than distinct shapes. If the aim was to
identify clusters that minimize the difference of the shapes
of the RR curves, standardized RR curves could be used
(i.e., making each one sum to 1). However, two problems
would emerge:
n the magnitude of the RR would not be taken into account, and the overall RR would not contribute to classification;
n the categories based on small numbers of expected
deaths, where the expected variability is high, could have
an undue high influence on the overall standardization,
making the comparison of curves unreliable and the clustering results less generalizable. It is worth noting that the
method for symbolic data allowed to incorporate (downweighted) confidence bounds for each RR, which improved the stability of the clustering (i.e., less artefacts due
to small counts) and gave less weight to the RR estimated
with large variability, and produced less clustering artefacts
than the method that did not use the confidence bounds.
This study has some limitations. Clustering is an exploratory statistical method. With this clustering method, no
correlation between age categories and gender for each

province that was included in the computation could be
considered. The analysis was limited to 60+ patients (others used 50+),3 due to small number of deaths in the age
categories below 60, which caused cluster instability. Moreover, it must be acknowledged that one of the groups (cluster 1) obtained in the analysis of all provinces is an artifact
(small provinces with 0 observed deaths in the 60-69 age
category for women) and should not be attributed any special meaning.
Blangiardo et al.5 and Biggeri et al.6 used the Istat data
up to the end of April and provided a Bayesian modelling approach based on municipality data. Their approach
has the clear advantage of being usable for monitoring increase of mortality in real time, while clustering results
are exploratory and can be problematic to project on new
data. Nevertheless, categorization of province/weeks into
groups defined by clusters facilitates a clearer representation of provinces and a can improve the understanding of
the geographical and temporal patterns of the epidemics. It
also allowed the authors to present provincial weekly overall RR and standardized number of positives on the same
graph and to easily perceive time intervals of high incidence and their association to excess deaths.
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