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The COVID-19 pandemic is causing hundreds of thou-
sands of deaths worldwide.' Monitoring the pandemic to
compare countries and regions is of paramount importance
to understand the infection dynamics and to prepare health
care systems to face its consequences. To date, it has been
impossible to compare data coming from different coun-
tries and regions partly because of a failure to apply basic
epidemiological principles (e.g. adjustment for age), with
emphasis on the numbers of cases.” Interpreting numbers
of cases (and the rates derived from them, e.g. case-fatality
ratio) is problematic given that these are heavily dependent
on variable policies about testing for COVID-19 at popula-
tion level, leading to potential underreporting, especially of
people showing few or no symptoms. Mortality, on the
other hand, does not suffer from difference in testing and
case finding; however it is potentially subject to misclassifi-
cation too, whenever its definition differs from that recom-
mended by WHO: deaths for which the immediate or
underlying cause of death can be reasonably ascribed to
COVID-19.> China* first reported that mortality from
COVID19 is strongly associated with age and steeply
increases with age, with higher rates in males than females.
Therefore, not adjusting for age and sex undermines mean-
ingful comparison between populations, especially when
the age structure of populations differs markedly, such as
for comparisons between low- and middle-income coun-
tries with high-income countries.

To illustrate the importance of this principle, data on
age and sex distribution of the first 4993 COVID-19
deaths in Italy, recorded until 23 March 2020,” were used
to calculate age- and sex-standardized figures in each
Italian region. Assuming that the age- and sex-mortality
rates remain constant over time, each data point can be
interpreted as a standardized mortality trend ratio
(SMTR), i.e. the ratio between observed deaths in a region
on a specific day, over the expected deaths if that region
had the same mortality as the Italian average on 23 March
2020 x 100. In Figure 1, the cumulative number of deaths
by region is reported in panel A, and the daily SMTRs cal-
culated on the cumulative deaths relative to the same pe-
riod are reported in panel B.

Lombardy is the region rhat experienced the highest
death toll by far, reaching 16 112 death by the end of May
2020. Emilia Romagna and Piedmont reached only about
4000 deaths (4114 and 3864, respectively), followed by
the other regions all below 2000 deaths. However, once
the underlying age- and sex-structure of the population
was accounted for, the picture changed. Lombardy
remained the region experiencing the greatest excess mor-
tality with SMTRs almost 20 times higher (SMTR =1968)
than the national average (on 23 March); Valle d’Aosta
(SMTR =1323) was the second region for mortality fol-
lowed by Emilia Romagna (SMTR = 1034) and Trentino-
Alto Adige (SMTR = 924).

©The Author(s) 2020. Published by Oxford University Press on behalf of the International Epidemiological Association. 1
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

020z Jequaeides 6z uo 1senb Aq 9¢19685/6¢€ LeeAp/ali/c601 01 /10p/a[01ue-80uUBApE/Sfl/W0o°dnodlWwsapede//:sdiy woly papeojumo(q


http://orcid.org/0000-0002-1268-8629
http://orcid.org/0000-0001-9911-4646

International Journal of Epidemiology, 2020, Vol. 0, No. 0

18000
16000 Lombardy
14000
12000
10000
8000
6000
z Emilia Romagna
e Cid
2000 Veneto
LIguna
e
AR P R :S\,lo\ ® 6\ & H H \..e\ & 0\..0“..6‘..0‘ & S S S S t:-\.p\.@ R P P S Y Y S g
R I A LR g H«, & & o B o o & F TS ST S S
\Q";\'m"s & Q";\ \Q%\ @'5\ ah 's;\ P;- @?‘ @\'\Q}s ‘F? «5\\@ @\@h @? -?\f\q}- @P\ \' & \6”\' ":\ G\ g ’§1\ ‘-a\dp‘q\ Ay a‘o\ A <a\q§§1 o
b\pboqvq & ,fs ,}\ & & .@ o ,:a .p Q\ me@:- & & &3 x"' \u \- 10 Q‘l. .;a ,p
A ¢ & e, L z, & & &
P, P St araarararara
3 o & & & & J' -3' ra F _F & J-
st st FLELS S s @""@0 s ao“’"aa @fé’ ol o i i o ol o ev"ao“"@& & av"ﬁv av"@v &
Piedmont —\aleDAOS — | igUriA — | ormiDArdY —T T ETINOA LD ALIZE s—ENEO — FriulVeneziaGiulia
s EMINIZROMBENT s TUISCANY —Eria — Marche —Lazio Abruzo — Molise
= Campania Apub Basiicata e 3l 1B —Sicily —Sardinia
2500
2000 Lombardy
1500
/_//_’—’_,_,_— Valle d'Aosta
e lfninil.aﬂomagna
///,_’,/— Trentino Alto-Adige
Liguria
e Marche
500 Veneto
/_’———_-——_ Tuscany Friuli-Venezia-Giulia
— — —_—
/]

) 3 ™ ™ ™ 3 N1 wi) 0 ™ ) ) wi) o) ™ w1 w1 N S ™ ™
& S S S S S ' 4 £ .D .p s Q\Q\ ol G o S ‘ca\ & Q.p\ ) .\Q\ el Q.p 0—{.‘» & ,g\ £ S.Q c.p\ & S @\ & B

R A S A
a2 et <~‘"" NP @"’ o «5’&‘9 \@"’-’ & Q& ‘\% & o \e\ ot :«ﬂ \ AP @ .\% S «@““ PRSP e(" SN
F g s‘i\\a‘ ﬁ"s"'-?‘r-. ‘ﬁ‘\'-?‘ 5‘9 HH"H“H‘QH“&@H“‘Q‘Q ‘l‘s"a““\a‘b‘}‘bﬁéh"a""\a‘ba‘bs‘b
Piedmont —ValeDAoga —Liguria L ombardy m—Trentin0ALOAIgE ==——\leneto m— FriuiNeneziaGiulia
—EMIEOMEENE w— TUSCEMNY —rrbria — Marche Lazio Abruzo — MO kSE
Aput Basibcat —Calabria —Sicily —Sardinia

Figure 1. Absolute number of deaths by region (panel A) and Standardized Mortality Trend Ratios (SMTR) comparing observed vs. expected cases
based on the age and sex distribution of the first 5019 Italian cases on 23 March 2020, and the age and sex structure (panel B) by region from 17
March to 3 May 2020 (vertical full line: 23 March 2020, the data for which were used for standardization)

At the beginning of April, Marche experienced almost
double the SMTR compared with Piedmont, but by the
beginning of May the relative mortality between the two
regions reversed. Veneto, among the morthern regions,
was comparatively less affected with the SMTR only four
times higher than the national average. Also, it emerged

more clearly which regions were most successful in ‘flat-
tening the curve’ (e.g. Valle D’Aosta, Trentino-Alto
Adige, Marche) as opposed to those regions which were
still experiencing COVID-19-related mortality, although
at a lower rate of increase (e.g. Lombardy, Piedmont,
Liguria).
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Age- and sex-standardization is essential for monitoring
the pandemic in space and over time. Our method has the
limitations of assuming that the age- and sex-specific mor-
tality rates remain constant over time (which we are
addressing in ongoing work), and that COVID-19 related
mortality is coded consistently across regions. However, if
every country provided the WHO with the simple data re-
quired for calculating the SMTRs, the monitoring of trends
across regions and over time would convey realistic
approximations with minimal requirement for data, once
age- and sex-specific COVID-19 mortality data from ade-
quately representative populations were available.
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