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Abstract
Background  Epidemiological data obtained during the initial wave of the COVID-19 epidemic showed that persons dying 
with COVID-19 were typically older men with multiple chronic conditions. No studies have assessed if the characteristics 
of patients dying with COVID-19 have changed in the second phase of the epidemic, when the initial wave subsided. The 
aim of the present study was to compare characteristics of patients dying with COVID-19 in Italy in the first ‘peak’ phase 
of the epidemic and in its second phase.
Methods  Medical charts of patients with COVID-19 who died while in hospital in Italy were reviewed to extract information 
on pre-existing comorbidities, in-hospital complications, and disease trajectories. The course of the epidemic was classified 
in two 3-month periods: March–May 2020 and June–August 2020.
Findings  Overall, in the Italian population, 34,191 COVID-19 deaths occurred in March–May 2020 and 1,404 in June–
August 2020. Patients dying in March–May were significantly younger (80.1 ± 10.6 vs. 82.8 ± 11.1 years, p < 0.001) and less 
frequently female (41.9% vs. 61.8%, p < 0.001) than those dying in June–August. The medical charts of 3533 patients who 
died with PCR-confirmed SARS-CoV-2 infection in March–May 2020 (10.3% of all deaths occurring in this period) and 
203 patients who died in June–August 2020 (14.5% of all deaths occurring in this period) were analysed. Patients who died 
in March–May 2020, compared to those who died in June–August 2020, had significantly lower rates of multiple comor-
bidities (3 or more comorbidities: 61.8% vs 74.5%, p = 0.001) and superinfections (15.2% vs. 52.5%, p < 0.001). Treatment 
patterns also substantially differed in the two study periods, with patients dying in March–May 2020 being less likely to be 
treated with steroids (41.7% vs. 69.3%, p < 0.001) and more likely to receive antivirals (59.3% vs. 41.4%, p < 0.001). Survival 
time also largely differed, with patients dying in March–May 2020 showing a shorter time from symptoms onset to death 
(mean interval: 15.0 vs. 46.6 days, p < 0.001). The differences observed between the two periods remained significant in a 
multivariate analysis.
Interpretation  The clinical characteristics of patients dying with COVID-19 in Italy, their treatment and symptom-to-death 
survival time have significantly changed overtime. This is probably due to an improved organization and delivery of care 
and to a better knowledge of disease treatment.
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Introduction

In Italy, the first case of COVID-19 was diagnosed on Feb-
ruary 20, 2020 [1, 2], with the first related death occurring 
on February 21. The first phase of the epidemic reached a 
peak in Italy between March and April 2020. Following a 
2-month lockdown period, the number of new cases and 
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deaths was largely reduced in a second phase during the 
summer period 2020 [3].

The decrement in the number of cases in this second 
phase of the epidemic has reduced the burden and workload 
faced by emergency rooms, hospitals, and intensive care 
units, which were hugely under pressure during the peak 
phase [4]. This reduction in case numbers was also accom-
panied by a better knowledge about the clinical presentation 
of COVID-19, radiological findings, prognostic risk factors, 
and options for drug therapy, with potential improvements 
in management of the disease, accuracy of the diagnosis, 
treatment administered, and ultimately in survival.

Epidemiological data obtained in Italy at the beginning 
of the epidemic indicated that persons dying with COVID-
19 were typically older men with multiple chronic condi-
tions [5, 6]. Pneumonia and Acute Respiratory Distress 
Syndrome were observed in most COVID-19 patients who 
died, but non-respiratory complications (i.e. superinfections, 
acute renal failure, and cardiac injury) were also commonly 
diagnosed. However, until now, no studies have assessed 
whether the characteristics of patients dying with COVID-
19 have changed in the second phase of the epidemic as 
a consequence of different disease management and deliv-
ery of care. The aim of the present study was to compare 
COVID-19 patients who died in Italy during the first (‘peak’, 
March–May 2020) and the second (June–August 2020) 
phase of the epidemic, evaluating in these two groups clini-
cal characteristics (e.g., age, sex, comorbidities), in-hospital 
complications (e.g., superinfections), treatments adminis-
tered (e.g., antivirals and steroids), and disease trajectories 
(e.g., survival time since symptom onset).

Methods

National COVID‑19 surveillance system

At the outset of the COVID-19 outbreak, the Italian National 
Institute of Health (Istituto Superiore di Sanità [ISS]) estab-
lished an integrated national surveillance system to collect 
information on all individuals with COVID-19 throughout 
the country. Data on all confirmed COVID-19 cases were 
obtained from all 19 Italian Regions and the two autono-
mous provinces of Trento and Bozen [2].

Identification of COVID‑19 deaths and clinical 
factors

All deaths occurring in patients who tested positive for 
SARS-CoV-2 through Reverse Transcription Polymerase 
Chain Reaction, independently from preexisting diseases that 
may have caused or contributed to death, are tracked by the 
surveillance system. To collect detailed clinical data, regions 

and autonomous provinces are asked to send to the ISS the 
medical charts and death certificates of SARS-CoV-2-pos-
itive patients who died in hospital. Clinical charts are then 
reviewed by a group of medical doctors at ISS. In this review, 
data on demographics, dates of hospitalization, SARS-CoV-2 
testing, preexisting comorbidities, pharmacological treat-
ments, date and cause of death, and complications during 
hospitalization are extracted from clinical records, and time 
from symptom onset to death is calculated [6].

We first considered for the present analysis all deaths 
occurring in SARS-CoV-2-positive patients reported in 
Italy to the surveillance system as of August 31, 2020 [7] 
and, within this group, all the cases with in-hospital death 
and complete medical records (including medical charts and 
death certificates) sent to the ISS. To analyze a homogene-
ous sample of patients in which COVID-19 was the main 
cause of death, we excluded from the analysis patients for 
whom COVID-19 or COVID-19-related conditions (i.e. 
pneumonia) were not listed in Part 1 of the death certifi-
cates, where the events leading to death, from the condition 
that initiated the chain of events to the subsequent condi-
tions leading to death, are reported in causal sequence. We 
used this approach to ensure that the analysis did not include 
patients who had tested positive for SARS-CoV-2 but died as 
a result of another condition (for example trauma or cancer).

Periods of death were classified based on the course of 
the epidemic and number of deaths in Italy (Figure S1). Two 
3-month periods were defined: March–May 2020 (“peak” 
phase) and June–August 2020.

Statistical analyses

Age and sex of patients with complete medical records ana-
lyzed for this study significantly differed from what was 
observed in the whole population of patients dying with 
COVID-19 in the country (Table S1 and S2). The difference 
can be due to the fact that we examined cases of patients 
dying in-hospital and older patients might be more likely 
to die in other settings (i.e. nursing homes), particularly in 
the first phase of the epidemic [8]. However, to account for 
this age and sex difference, we standardized all means and 
prevalences by age and sex (including number and type of 
comorbidities, non-respiratory complications, treatments, 
days since symptom onset). Data presented for age and 
sex, however, are based on the 35,595 population (i.e., all 
COVID-19 deaths in Italy until the end of August 2020).

Characteristics of patients according to period of death 
were compared using ANOVA for continuous variables (i.e., 
age and days since symptom onset) and Fisher’s Exact Test 
for categorical variables (i.e., sex, comorbidities, non-res-
piratory complications, treatments). Binary logistic regres-
sion was used to identify factors independently associated 
with period of death. Variables included in this model were 
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those associated with period of death at a level of signifi-
cance ≤ 0.05 in univariate analysis. Analyses were performed 
using IBM SPSS Statistics 26 for Windows.

Ethical Issues

On February 27, 2020, the Italian Presidency of the Council 
of Ministers authorized the collection and scientific dissemi-
nation of data related to COVID-19 by the ISS and other 
public health institutions [9].

Results

As of August 31, 2020, a total of 35,595 deaths occurring in 
SARS-CoV-2-positive patients were reported in Italy to the 
national surveillance system [7], and 3945 (11.1%) complete 

medical records (including medical charts and death certifi-
cates) of patients who died in the hospital were examined 
in detail at the ISS. To analyze a homogeneous sample of 
patients in which COVID-19 was the main cause of death, 
we excluded from this group 209 patients (5.3%) for whom 
COVID-19 or COVID-19-related conditions (i.e. pneumo-
nia) were not listed in Part 1 of the death certificates.

Overall, in the Italian population, 34,191 COVID-
19 deaths occurred in March–May 2020 and 1404 in 
June–August 2020. As shown in Table  1, patients who 
died in March–May 2020 had a significantly different age 
(mean = 80.1 ± 10.6 vs. 82.8 ± 11.1, p < 0.001) and were less 
likely to be female, than those dying in June–August 2020 
(41.9% vs. 61.8%, p < 0.001).

Complete clinical records were available for 3533 cases 
of COVID-19-related deaths occurring in March–May 2020 
(10.3% all deaths occurring in March–May 2020) and 203 

Table 1   Characteristics of COVID-19-related deaths according to study period

SD standard deviation
a Sample whose medical records were checked in detail by ISS
b Means and prevalence of variables in the two periods are age and sex standardized
c Including hydroxychloroquine
*p value for difference between study periods

All COVID-19-related 
deaths (n = 35,595)

March–May 2020 
(n = 34,191)

June–August 
2020 (n = 1404)

p value*

Demographics
 Age (years), mean ± SD 80.2 ± 10.6 80.1 ± 10.6 82.8 ± 11.1  < 0.001
 Female, n (%) 15,187 (42.7) 14,319 (41.9) 868 (61.8)  < 0.001

Whole study samplea 
(n = 3736)

March–May 2020 
(n = 3533)

June August 
2020 (n = 203)

p value*

Demographics
 Age (years), mean ± SD 78.1 ± 11.5 77.9 ± 11.5 81.0 ± 11.2  < 0.001
 Female, n (%) 1337 (35.8) 1231 (34.8) 106 (52.2)  < 0.001

N of comorbidities, n (%)b

 0 147 (4.0) 146 (3.9) 1 (0.5) 0.001
 1 501 (13.7) 483 (13.3) 18 (10.5)
 2 764 (20.9) 737 (21.0) 27 (14.5)
 3 or more 2250 (61.4) 2095 (61.8) 155 (74.5)

Non-respiratory complicationsb

 Acute renal failure, n (%) 827 (23.1) 773 (22.3) 54 (28.1) 0.045
 Acute cardiac injury, n (%) 374 (10.4) 359 (10.3) 15 (8.2) 0.291
 Superinfection, n (%) 634 (17.7) 535 (15.2) 99 (52.5)  < 0.001

Treatmentsb

 Antibiotics, n (%) 3167 (87.4) 2987 (87.0) 180 (90.9) 0.103
 Antivirals, n (%)c 2170 (59.9) 2090 (59.3) 80 (41.4)  < 0.001
 Steroids, n (%) 1571 (43.3) 1437 (41.7) 134 (69.3)  < 0.001

Disease trajectoryb

 Time from symptom onset to death, mean ± SD 16.4 ± 14.7 15.0 ± 11.4 46.6 ± 28.8  < 0.001
 Time from symptom onset to SARS-CoV-2 testing, mean ± SD 6.9 ± 7.3 6.9 ± 7.0 7.3 ± 10.1 0.533
 From symptom onset to hospitalization, mean ± SD 6.0 ± 6.4 5.9 ± 5.9 8.0 ± 11.5 0.118
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deaths occurring in June–August 2020 (14.5%, all deaths 
occurring in June–August 2020). Table 1 summarizes the 
characteristics of the study sample by period of death. Dif-
ferences in age and gender observed in the whole sample 
were confirmed in patients with complete clinical records 
(Table 1).

After age and sex standardization of the variables 
obtained after evaluating medical records, significant dif-
ferences in number of pre-existing comorbidities and non-
respiratory complications was observed between the two 
study periods, with patients who died in the June–August 
2020 period presenting with more pre-existing comorbidi-
ties and non-respiratory complications, including acute 
renal failure and superinfections than those who died in the 
first phase (Table 1). Similarly, treatment patterns signifi-
cantly differed; patients who died in the June–August 2020 
period were more likely to be treated with steroids, and less 
likely to receive antivirals compared to those who died in 
the first phase. Finally, patients who died in the first phase 
(March–May 2020) period had a shorter time from symptom 
onset to death.

Figure 1 shows most common comorbidities observed 
in patients who died over the two phases of the pandemic. 
With the exception of obesity, all other conditions were more 
frequent in patients who died in the June–August period, 
although a significant difference was only found for atrial 
fibrillation (22.6% vs. 34.3%, p =  < 0.001) and dementia 
(18.0% vs. 38.8%, p =  < 0.001).

Table 2 reports results of the multivariate analyses iden-
tifying variables independently associated with death occur-
ring in the June–August period. Overall, patients who died in 
this second phase were significantly older, more frequently 

Fig. 1   Most common pre-
existing comorbidities by study 
period. Prevalences are age 
and sex standardized. *p value 
for difference between study 
periods < 0.001
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Table 2   Multivariate analysis. Factors independently associated with 
death occurring June–August 2020 compared to March–May 2020

AOR Adjusted Odds Ratio
a 0 and 1 categories were merged due to the limited number of cases 
with 0 comorbidities in the June–August period (n = 1)
b Including hydroxychloroquine

Variable AOR 95% Confidence Interval

Demographics
 Age (per 1-year increment) 1.050 1.027–1.073
 Female 1.810 1.186–2.760

Number of comorbiditiesa

 0 or 1 Ref –
 2 1.467 0.638–3.379
 3 or more 2.233 1.087–4.586

Non-respiratory complications
 Acute renal failure 0.986 0.613–1.585
 Superinfection 2.740 1.723–4.356

Treatments
 Antiviralsb 0.307 0.196–0.479
 Steroids 2.335 1.485–3.670

Disease trajectory
 Days from symptoms onset to 

death (per 1-day increment)
1.065 1.054–1.076
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female, had a higher number of pre-existing comorbidities, 
and a higher probability of superinfections. In addition, 
patients who died during the June–August period were less 
likely to receive antiviral drugs, more likely to be treated 
with steroids, and they had a significantly longer time from 
symptom onset to death than those dying in the March–May 
2020 period.

Discussion

In the present study, we show that characteristics of patients 
who died with COVID-19 in Italy have largely changed over 
time. Patients who died in the second phase of the epidemic 
were older, more likely to be women, and had a higher prob-
ability of superinfections, a larger comorbidity burden, and 
longer survival from symptom onset compared to people 
who died in the first phase (March–May 2020). In addition, 
the treatment approach has changed over the two periods 
as those who died in the second phase were less likely to 
receive antivirals and more likely to be treated with steroids.

These findings might be explained by different factors. 
First, there was less burden on the healthcare system in the 
second phase of the epidemic [4]. In the peak first phase, 
emergency rooms, hospitals, and intensive care units were 
challenged by the need to simultaneously provide care to 
a high number of critically ill patients [10]. Second, the 
organization of care improved in the second phase of the epi-
demic. COVID-19 and non-COVID-19 streams of care were 
created in the hospitals, community-care approaches were 
implemented, specific diagnostic and therapeutic pathways 
were carried out [11]. Finally, knowledge on COVID-19 
diagnosis and treatment has improved over time, potentially 
leading to more accurate diagnosis and better treatment [12]. 
This is also confirmed by the change in treatment patterns 
between the two study periods: during the early phase, more 
patients were treated with antivirals, which research has now 
shown to be less effective than originally hoped [13]. Simi-
larly, use of steroids increased in the second phase after this 
drug was proven effective in reducing COVID-19 complica-
tions [14]. All these factors may have improved survival in 
COVID-19 patients and led to a shift of mortality toward 
older, more vulnerable and complex patients.

Interestingly, superinfections were more commonly 
observed in patients dying in the second phase of the epi-
demic. This might be due to the fact that, in this latter period, 
typical COVID-19 respiratory conditions were better treated 
and managed so death may have occurred when patients 
experienced additional non-respiratory complications that 
further worsened health status, leading to a negative progno-
sis. In addition, the increase in use of steroids in the second 
phase may have facilitated the onset of superinfections.

In the first phase of the epidemic, there was a larger pro-
portion of men among patients who died with COVID-19 
than the second phase. This finding is difficult to explain. 
Several studies have underlined that men have a higher risk 
of COVID-19-related mortality than women, and sex dif-
ferences in clinical manifestations and transitions of care 
have been described [15, 16]. In the Italian population, the 
time from symptom onset to hospital admission and diagnos-
tic testing were slightly longer in men and this might have 
explained differences in prognosis in the first phase of the 
epidemic [16]. The improvement in testing ability and the 
decreased burden on hospital may have flattened these dif-
ferences and reduced the mortality gap in the second phase.

Our findings should be interpreted in light of potential 
limitations. First, they focused only on patients who died 
in hospital, while deaths occurring at home or in long-term 
care facilities were not included. Particularly in the first 
phase of the epidemic, hospitals were overwhelmed and old-
est and most severely impaired patients were neither tested, 
nor transferred and died at home or in long-term care facili-
ties [10]. However, the data are still informative for com-
paring clinical history and disease progression among the 
subset of hospitalized patients. Second, we only reviewed 
the charts of patients who died; data on hospitalized patients 
who survived were not collected. Thus, we were unable to 
assess if the case fatality rate has changed in the second 
phase of the epidemic, although until widespread effective 
testing and screening procedures are in place (including test-
ing for asymptomatic cases), these estimates are unlikely to 
be reliable. This also means that our data cannot determine 
risk factors for mortality; rather we only describe how the 
characteristics of the patients who have died have changed. 
Finally, the generalizability of our findings might be limited 
as we provide data only on Italian patients, although the data 
come from all Regions of Italy, thus providing a comprehen-
sive picture of the situation in one country.

In conclusion, we show that characteristics of patients 
in Italy who died with COVID-19, their treatment, and dis-
ease trajectory have changed over time. This is probably due 
to an improvement in organization of care delivery and in 
knowledge of disease treatment. Future studies are needed 
to confirm this finding in other countries and over longer 
time periods.

Acknowledgements  (*) Group authorship—Italian National Insti-
tute of Health COVID-19 Mortality Group: Luigi Palmieri, Elvira 
Agazio, Xanthi Andrianou, Pierfrancesco Barbariol, Antonino Bella, 
Stefania Bellino, Eva Benelli, Luigi Bertinato, Stefano Boros, Gian-
franco Brambilla, Giovanni Calcagnini, Marco Canevelli, Maria Rita 
Castrucci, Federica Censi, Alessandra Ciervo, Elisa Colaizzo, Fortu-
nato D’Ancona, Martina Del Manso, Corrado Di Benedetto, Chiara 
Donfrancesco, Massimo Fabiani, Francesco Facchiano, Antonietta 
Filia, Marco Floridia, Fabio Galati, Marina Giuliano, Tiziana Gri-
setti, Cecilia Guastadisegni, Yllka Kodra; Martin Langer, Ilaria Lega, 



198	 Aging Clinical and Experimental Research (2021) 33:193–199

1 3

Cinzia Lo Noce, Pietro Maiozzi, Fiorella Malchiodi Albedi, Valerio 
Manno, Margherita Martini, Alberto Mateo Urdiales, Eugenio Mat-
tei, Claudia Meduri, Paola Meli, Giada Minelli, Manuela Nebuloni, 
Lorenza Nisticò, Marino Nonis, Graziano Onder, Lucia Palmisano, 
Nicola Petrosillo, Patrizio Pezzotti, Flavia Pricci, Ornella Punzo, Vin-
cenzo Puro, Federica Quarata, Valeria Raparelli, Simone Rocchetto, 
Giovanni Rezza, Flavia Riccardo, Maria Cristina Rota, Paolo Salerno, 
Giulia Sarti, Debora Serra, Andrea Siddu, Paola Stefanelli, Manuela 
Tamburo De Bella, Dorina Tiple, Marco Toccaceli Blasi, Federica 
Trentin, Brigid Unim, Luana Vaianella, Nicola Vanacore, Maria Feni-
cia Vescio, Monica Vichi, Emanuele Rocco Villani, Amerigo Zona, 
Silvio Brusaferro.

Author contributions  LP: conceptualization, methodology, data cura-
tion, formal analysis, writing—original draft, writing—review and 
editing. KP: conceptualization, methodology, writing—review and 
editing. CLN: methodology, data curation. PM, MG, MF, MTB: data 
curation, writing—review and editing. AP, SB: supervision, writ-
ing—review and editing. GO: conceptualization, methodology, project 
administration, writing—original draft, writing—review and editing. 
COVID-19 Mortality Group: acquisition of data and revision of the 
draft. All authors read and approved the final manuscript.

Funding  Open access funding provided by Università Cattolica del 
Sacro Cuore within the CRUI-CARE Agreement.

Compliance with ethical standards 

Conflict of interest  No financial relationships with any organisa-
tion that might have an interest in the submitted work in the previous 
3 years; no other relationships or activities that could appear to have 
influenced the submitted work.

Ethical approval  On February 27th, 2020, the Italian Presidency of the 
Council of Ministers authorized the collection and scientific dissemi-
nation of data related to COVID-19 by the Italian Institute of Health 
(ISS).

Statement of human and animal rights  All procedures performed were 
in accordance with the ethical standards of the Italian National Institute 
of Health (ISS).

Informed consent  No infomed consent was required.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 Onder G, Rezza G, Brusaferro S (2020) Case-fatality rate and 
characteristics of patients dying in relation to COVID-19 in Italy. 

JAMA 323:1775–1776. https​://doi.org/10.1001/jama.2020.4683 
(Erratum in: JAMA. 2020 Apr 28;323:1619)

	 2.	 Riccardo F, Ajelli M, Andrianou XD, for the COVID-19 working 
group, et al. Epidemiological characteristics of COVID-19 cases 
in Italy and estimates of the reproductive numbers one month 
into the epidemic https://www.medrxiv.org/content/https​://doi.
org/10.1101/2020.04.08.20056​861v1​. Accessed 27 Oct 2020

	 3.	 https​://www.epice​ntro.iss.it/en/coron​aviru​s/sars-cov-2-dashb​oard. 
Accessed 27 Oct 2020

	 4.	 https​://www.epice​ntro.iss.it/coron​aviru​s/bolle​ttino​/Bolle​ttino​
-sorve​glian​za-integ​rata-COVID​-19_29-sette​mbre-2020.pdf. 
Accessed 27 Oct 2020

	 5.	 Grasselli G, Zangrillo A, Zanella A, COVID-19 Lombardy ICU 
Network et al (2020) Baseline characteristics and outcomes of 
1591 patients infected with SARS-CoV-2 admitted to ICUs of 
the lombardy region, Italy. JAMA 323:1574–1581. https​://doi.
org/10.1001/jama.2020.5394

	 6.	 Palmieri L, Vanacore N, Donfrancesco C, Italian National Institute 
of Health COVID-19 Mortality Group et al (2020) Clinical char-
acteristics of hospitalized individuals dying with COVID-19 by 
age group in Italy. J Gerontol A Biol Sci Med Sci. 75:1796–1800. 
https​://doi.org/10.1093/geron​a/glaa1​46

	 7.	 https​://www.epice​ntro.iss.it/en/coron​aviru​s/bolle​ttino​/Repor​
t-COVID​-2019_7_septe​mber_2020.pdf. Accessed 27 Oct 2020

	 8.	 Surveillance of COVID-19 at long-term care facilities in the 
EU/EEA (2020) Technical report. Stockholm: ECDC. https​://
www.ecdc.europ​a.eu/en/publi​catio​ns-data/surve​illan​ce-COVID​
-19-long-term-care-facil​ities​-EU-EEA.

	 9.	 https​://www.gazze​ttauf​fi cia​le.it/eli/id/2020/02/28/20A01​348/SG. 
Accessed 27 Oct 2020

	10.	 Rosenbaum L (2020) Facing Covid-19 in Italy—ethics, logis-
tics, and therapeutics on the epidemic’s front line. N Engl J Med 
382:1873–1875. https​://doi.org/10.1056/NEJMp​20054​92

	11.	 Anderson RM, Heesterbeek H, Klinkenberg D et al (2020) How 
will country-based mitigation measures influence the course 
of the COVID-19 epidemic? Lancet 395:931–934. https​://doi.
org/10.1016/S0140​-6736(20)30567​-5

	12.	 Wiersinga WJ, Rhodes A, Cheng AC et al (2020) Pathophysiol-
ogy, transmission, diagnosis, and treatment of coronavirus dis-
ease 2019 (COVID-19): a review. JAMA 324:782–793. https​://
doi.org/10.1001/jama.2020.12839​

	13.	 WHO WHO discontinues hydroxychloroquine and lopinavir/
ritonavir treatment arms for COVID-19. (2020) https​://www.
who.int/news-room/detai​l/04-07-2020-who-disco​ntinu​es-hydro​
xychl​oroqu​ine-and-lopin​avir-riton​avir-treat​ment-arms-for-covid​
-19. Accessed 27 Oct 2020

	14.	 WHO Rapid Evidence Appraisal for COVID-19 Therapies 
(REACT) Working Group, Sterne JAC, Murthy S, Diaz JV et al. 
(2020) Association between administration of systemic corticos-
teroids and mortality among critically Ill patients with COVID-19: 
a meta-analysis. JAMA 324:1–13

	15.	 Global Health 50/50 COVID-19: data disaggregated by age and 
sex. https​://globa​lheal​th505​0.org/covid​19/age-and-sex-data/. 
Accessed 27 Oct 2020

	16.	 Raparelli V, Palmieri L, Canevelli M, Italian National Institute of 
Health COVID-19 Mortality Group et al (2020) Sex differences 
in clinical phenotype and transitions of care among individuals 
dying of COVID-19 in Italy. Biol Sex Differ 11:57. https​://doi.
org/10.1186/s1329​3-020-00334​-3

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1001/jama.2020.4683
https://doi.org/10.1101/2020.04.08.20056861v1
https://doi.org/10.1101/2020.04.08.20056861v1
https://www.epicentro.iss.it/en/coronavirus/sars-cov-2-dashboard
https://www.epicentro.iss.it/coronavirus/bollettino/Bollettino-sorveglianza-integrata-COVID-19_29-settembre-2020.pdf
https://www.epicentro.iss.it/coronavirus/bollettino/Bollettino-sorveglianza-integrata-COVID-19_29-settembre-2020.pdf
https://doi.org/10.1001/jama.2020.5394
https://doi.org/10.1001/jama.2020.5394
https://doi.org/10.1093/gerona/glaa146
https://www.epicentro.iss.it/en/coronavirus/bollettino/Report-COVID-2019_7_september_2020.pdf
https://www.epicentro.iss.it/en/coronavirus/bollettino/Report-COVID-2019_7_september_2020.pdf
https://www.ecdc.europa.eu/en/publications-data/surveillance-COVID-19-long-term-care-facilities-EU-EEA
https://www.ecdc.europa.eu/en/publications-data/surveillance-COVID-19-long-term-care-facilities-EU-EEA
https://www.ecdc.europa.eu/en/publications-data/surveillance-COVID-19-long-term-care-facilities-EU-EEA
https://www.gazzettaufficiale.it/eli/id/2020/02/28/20A01348/SG
https://doi.org/10.1056/NEJMp2005492
https://doi.org/10.1016/S0140-6736(20)30567-5
https://doi.org/10.1016/S0140-6736(20)30567-5
https://doi.org/10.1001/jama.2020.12839
https://doi.org/10.1001/jama.2020.12839
https://www.who.int/news-room/detail/04-07-2020-who-discontinues-hydroxychloroquine-and-lopinavir-ritonavir-treatment-arms-for-covid-19
https://www.who.int/news-room/detail/04-07-2020-who-discontinues-hydroxychloroquine-and-lopinavir-ritonavir-treatment-arms-for-covid-19
https://www.who.int/news-room/detail/04-07-2020-who-discontinues-hydroxychloroquine-and-lopinavir-ritonavir-treatment-arms-for-covid-19
https://www.who.int/news-room/detail/04-07-2020-who-discontinues-hydroxychloroquine-and-lopinavir-ritonavir-treatment-arms-for-covid-19
https://globalhealth5050.org/covid19/age-and-sex-data/
https://doi.org/10.1186/s13293-020-00334-3
https://doi.org/10.1186/s13293-020-00334-3


199Aging Clinical and Experimental Research (2021) 33:193–199	

1 3

Affiliations

Luigi Palmieri1 · Katie Palmer2 · Cinzia Lo Noce1 · Paola Meli3 · Marina Giuliano4 · Marco Floridia4 · 
Manuela Tamburo de Bella5 · Andrea Piccioli6 · Silvio Brusaferro7 · Graziano Onder1   · The Italian National Institute 
of Health COVID-19 Mortality Group (*)

 *	 Graziano Onder 
	 graziano.onder@iss.it

1	 Department of Cardiovascular, Endocrine‑Metabolic 
Diseases and Aging, Istituto Superiore di Sanità, Rome, Italy

2	 Department of Geriatrics, Centro Medicina 
dell’Invecchiamento, Fondazione Policlinico A. Gemelli 
IRCCS, Rome, Italy

3	 National Center for Innovative Technologies in Public 
Health, Istituto Superiore di Sanità, Rome, Italy

4	 National Center for Global Health, Istituto Superiore di 
Sanità, Rome, Italy

5	 Department of Oncology and Molecular Medicine, Istituto 
Superiore di Sanità, Rome, Italy

6	 Office of the Director General, Istituto Superiore di Sanità, 
Rome, Italy

7	 Office of the President, Istituto Superiore di Sanità, Rome, 
Italy

http://orcid.org/0000-0003-3400-4491

	Differences in the clinical characteristics of COVID-19 patients who died in hospital during different phases of the pandemic: national data from Italy
	Abstract
	Background 
	Methods 
	Findings 
	Interpretation 

	Introduction
	Methods
	National COVID-19 surveillance system
	Identification of COVID-19 deaths and clinical factors
	Statistical analyses
	Ethical Issues

	Results
	Discussion
	Acknowledgements 
	References




