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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 lÕepidemia COVID-19.
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An interesting Þnding 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 in-
crease 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 mod-
erate 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 young-
er 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-

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 Þrst 
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 identiÞcation of 
provinces with overall RR that does not deviate substan-
tially 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-speciÞc average proÞle 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 ex-
ample, in some weeks, some provinces with large overall 
RR were classified in the highest-risk group, without ex-
hibiting 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 dissim-
ilarity measure in clustering pursues the aim of merging 
RR curves that have similar values in the two gender-spe-
cific 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:
Q the magnitude of the RR would not be taken into ac-
count, and the overall RR would not contribute to classifi-
cation;
Q 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 clus-
tering results less generalizable. It is worth noting that the 
method for symbolic data allowed to incorporate (down-
weighted) confidence bounds for each RR, which im-
proved 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 explora-
tory 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 (oth-
ers used 50+),3 due to small number of deaths in the age 
categories below 60, which caused cluster instability. More-
over, it must be acknowledged that one of the groups (clus-
ter 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 spe-
cial meaning.
Blangiardo et al.5 and Biggeri et al.6 used the Istat data 
up to the end of April and provided a Bayesian model-
ling approach based on municipality data. Their approach 
has the clear advantage of being usable for monitoring in-
crease 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 representa-
tion 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 over-
all RR and standardized number of positives on the same 
graph and to easily perceive time intervals of high inci-
dence and their association to excess deaths.
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11.  Kejžar N, Korenjak-Černe S, Batagelj V. Clustering of modal-valued symbolic data. 
Adv Data Anal Classif  2020; doi: 10.1007/s11634-020-00425-4

12.  Batagelj V, Kejžar N. Clamix - an r-package for clustering modal multi valued 
symbolic data. (2019). Available from: https://r-forge.r-project.org/projects/clamix/

13.  Ward JHJ. Hierarchical grouping to optimize an objective function. Journal of the 
American Statistical Association 1963;58(301):236–244.

14.  R Core Team. R: a language and environment for statistical computing. R Founda-
tion for Statistical Computing, 2018. Available from: https://www.R-project.org/


