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Abstract

Background Most COVID-19-related deaths have occurred in older persons with comorbidities. Specific patterns of comor-
bidities related to COVID-19 deaths have not been investigated.

Methods A random sample of 6085 individuals in Italy who died in-hospital with confirmed COVID-19 between February
and December 2020 were included. Observed to expected (O/E) ratios of disease pairs were computed and logistic regression
models were used to determine the association between disease pairs with O/E values > 1.5.

Results Six pairs of diseases exhibited O/E values > 1.5 and statistically significant higher odds of co-occurrence in the
crude and adjusted analyses: (1) ischemic heart disease and atrial fibrillation, (2) atrial fibrillation and heart failure, (3) atrial
fibrillation and stroke, (4) heart failure and COPD, (5) stroke and dementia, and (6) type 2 diabetes and obesity.
Conclusion In those deceased in-hospital due to COVID-19 in Italy, disease combinations defined by multiple cardio-
respiratory, metabolic, and neuropsychiatric diseases occur more frequently than expected. This finding indicates a need
to investigate the possible role of these clinical profiles in the chain of events that lead to death in individuals who have
contracted SARS-CoV-2.
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Background

Within the first year since its inception, the coronavirus dis-
ease 2019 (COVID-19) pandemic has been responsible for
over 2 million premature deaths, particularly among older
individuals [1-3]. Italy is among the countries with the
highest excess mortality [4, 5]; as of December 16th, 2020,
63,573 persons had died of COVID-19 with a mean age of
80 years [5]. Most persons who have died of COVID-19
were affected by multimorbidity, the co-occurrence of two
or more chronic conditions in the same individual [6-8]. A
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previous report regarding the pre-infection health status of
deceased persons in Italy showed that approximately 84%
of these individuals had multimorbidity, and that ischemic
heart disease and atrial fibrillation were the most common
chronic diseases [5]. Several other studies have confirmed
that chronic diseases are associated with adverse outcomes
in COVID-19 patients [9]. It is also well known that chronic
diseases tend to cluster together in the same individual
exceeding a level expected by chance alone for several rea-
sons, including shared risk factors and similar pathophysi-
ology [10]. We hypothesized that persons who died from
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COVID-19 and were affected by multimorbidity had specific
disease combinations which co-occurred more frequently
than predictable by chance. We aimed to test this hypothesis
in a sample of in-patients in Italy with a confirmed diagnosis
and related death due to COVID-19.

Methods
Study population and data collection

The study population consisted of a nationally representative
random sample of 6085 individuals deceased in-hospital, in
Italy, with confirmed COVID-19. COVID-19-related deaths
were defined as those occurring in patients who tested posi-
tive for SARS-CoV-2 through reverse transcription polymer-
ase chain reaction, independent of pre-existing diseases that
may have caused or contributed to death [8, 11]. Data col-
lection was carried out between February 2020 and Decem-
ber 2020. As part of the Italian National Institute of Health
(Istituto Superiore di Sanita; ISS) COVID-19 surveillance
system, the following information was extracted from the
participants’ hospital charts: demographic characteristics,
COVID-19 symptoms and complications, received treat-
ments, SARS-CoV-2 testing results, and date of death. Data
on the following comorbidities were collected: hyperten-
sion, type 2 diabetes, ischemic heart disease, atrial fibril-
lation, dementia, chronic obstructive pulmonary disease
(COPD), cancer, heart failure, stroke, obesity and chronic
liver disease. Hospital length of stay (days) was calculated
subtracting the date of admission from the date of death.
This study was carried out in keeping with the principles
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of the Declaration of Helsinki. On February 27th 2020, the
Italian Government authorized the collection and scientific
dissemination of data concerning the COVID-19 epidemic
by the ISS and other public health institutions [12].

Statistical analysis

The prevalence (%) of each disease occurring with and with-
out comorbidities was estimated. The expected prevalence
of disease pairs was computed as (prevalence of disease A)
X (prevalence of disease B) and compared with the observed
co-prevalence (Table S1). Logistic regression models were
run to analyze the crude and adjusted (age, sex, number of
other diseases) association between those pairs of chronic
diseases with O/E values of > 1.5 [10].

Results

The mean age at death of the study participants was
79.1+12.0 years, with the proportion of female participants
being 40% and the prevalence of multimorbidity (>2 dis-
eases) reaching as high as 85%. Hypertension (66%), type
2 diabetes (29%), ischemic heart disease (28%), and atrial
fibrillation (24%) were the diseases most frequently reported
in the clinical records of deceased patients. As depicted in
Fig. 1, suffering from one single disease was uncommon;
hypertension (8.8%), cancer (2.8%) and dementia (2.7%)
were the conditions most frequently reported in isolation.
As shown in Table 1, the following disease pairs showed
an O/E> 1.5 and statistically significant higher odds of co-
occurrence in the crude and adjusted analyses: (1) ischemic
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Table 1 Observed and expected frequencies of pairs of chronic diseases in deceased SARS-CoV-2 positive persons, O/E (Observed/Expected)

ratios, and crude and adjusted odds ratios for those pairs with O/E>=1.5

Comorbidities N Frequency (%) Ratio O/E OR (95% CI)
Observed Expected Crude Adjusted®®

Ischemic heart disease and atrial fibrillation 570 9.6 6.8 1.8 3.1 (2.7-3.6) 2.6 (2.2-3.0)
Atrial fibrillation and heart failure 472 7.9 4.0 2.0 3.9 (3.44.5) 3.1 (2.7-3.6)
Atrial fibrillation and stroke 249 4.2 2.8 1.5 1.9 (1.6-2.3) 1.7 (1.4-2.0)
Heart failure and COPD 258 43 2.8 1.5 2.0 (1.7-2.3) 1.6 (1.4-1.9)
Stroke and dementia 248 42 2.7 1.6 2.0 (1.7-2.4) 1.8 (1.5-2.2)
Diabetes and obesity 290 4.9 3.1 1.6 2.3 (1.9-2.7) 2.2 (1.8-2.6)

*Results from logistic regression models testing the association between pairs of chronic conditions: odds ratios (ORs; crude and adjusted for
age, sex, and all the other diseases) and 95% confidence intervals (CI) are reported. COPD chronic obstructive pulmonary disease

°p Value < 0.001 for all adjusted ORs

heart disease and atrial fibrillation, (2) atrial fibrillation and
heart failure, (3) atrial fibrillation and stroke, (4) heart fail-
ure and COPD, (5) stroke and dementia, and 6) type 2 dia-
betes and obesity. In table S2, we reported the median and
mean length of stay for each of the disease pairs presenting
with an O/E > 1.5. The disease pair diabetes and obesity dis-
played the shortest length of hospital stay (10.9 days; 95%
CI 9.2-12.7), and the pair ischemic heart disease and atrial
fibrillation the longest (12.2 days; 95% CI 11.0-13.3).

Discussion

In this case series of individuals deceased in Italian hospitals
with a diagnosis of COVID-19, we found that specific dis-
ease combinations including cardiovascular and metabolic
conditions as well as dementia occurred more frequently
than expected by chance alone. This finding indicates a need
to investigate the possible role of these clinical profiles in
the chain of events that lead to death in individuals who have
contracted SARS-CoV-2.

Globally, the mean age of individuals deceased with
COVID-19 has been very high, with nearly all of these per-
sons suffering from coexisting chronic diseases [2, 6]. As
shown in several previous population-based studies, mul-
timorbidity can be considered the norm in late life, with a
prevalence reaching 90% [13]. While this makes multimor-
bidity a sensitive tool to predict negative outcomes, its speci-
ficity remains debated. For this reason, attention has shifted
to the study of specific disease combinations (i.e., clusters)
that occur beyond chance and are associated, with higher
specificity, to several health-related outcomes. Distinct pat-
terns of multimorbidity have repeatedly been found to be
differentially associated with negative health outcomes in
the older population [14, 15]. For example, when compared
with other disease combinations, multimorbidity clusters
including cardiovascular and neuropsychiatric diseases have

displayed strong associations with functional impairment,
hospitalization, and death [16-18].

Several individual diseases have been identified as clini-
cal substrates of worse COVID-19 prognosis. In particular,
heart disease, obesity, cancer, and dementia have been asso-
ciated with higher odds of hospitalization, intensive care
needs, and mortality [19]. The prevalence of such conditions
was high in our sample of deceased individuals, supporting
the idea that they also play a role in severe COVID-19. In
the present study, cardiovascular diseases were involved in
five of the six identified disease couples, with atrial fibrilla-
tion being part of three of them, and heart failure and stroke
included in two of them. The synergy between different car-
diovascular diseases appears evident: heart failure, ischemic
heart disease, and stroke, coexist and represent common
complications of atrial fibrillation. Such a high cardiovas-
cular burden in one individual is arguably responsible for
an impaired hemodynamic response to the infection with
more severe symptoms triggering the hospitalization, further
organ decompensation, and subsequently, higher mortality
rate [20]. Another interesting finding is the high likelihood
to observe combinations of diseases involving different
organs and systems, as heart failure and COPD, and obesity
and diabetes. An underlying poor cardiorespiratory fitness
in the first case, and the combination of an impaired respira-
tory mechanics and immunodeficiency in the second case,
could be responsible for rapidly evolving COVID-19 cases
[21]. Interestingly, the pair diabetes/obesity was associated
with the shortest length of hospital stay, so earliest mortal-
ity, suggesting a higher lethality of this disease combination
among hospitalized patients with COVID-19. Finally, the
combination of stroke and dementia emerged as particularly
prevalent in our sample population. Dementia often devel-
ops as a consequence of stroke, and both have been previ-
ously reported as optimal substrates for several infections
as well as their complications [22]. This last observation
could also reflect the massive burden of COVID-19 on older
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institutionalized individuals. In our study, it is interesting to
note a relative lower prevalence of some disease combina-
tions including obesity—previously reported as a risk factor
for COVID-19 mortality and morbidity [21]—as for exam-
ple the combinations dementia/obesity and stroke/obesity.
Arguably, in the context of a selected population of older
adults deceased because of COVID-19 the low prevalence
of such combinations might be explained by the fact that for
both stroke and dementia, an advanced disease is associated
with severe nutritional problems, which are unlikely asso-
ciated with obesity. A somewhat similar paradox emerges
observing the O/E values of disease combinations including
hypertension, found always to be very close to one, which
one more time points at the different clinical significance of
specific diseases in the context of old frail individuals, in
spite of their high prevalence in absolute terms.

Several limitations should be considered when reading
these findings. First, only including individuals who died in
hospitals limits the generalizability of the results, making
them less applicable to groups of people who died at home
or in care homes. Second, if a more extensive list of diseases
had been assessed, it is possible that a higher number of
meaningful disease combinations could have been uncov-
ered. However, the most prevalent diseases in older adults,
and those previously implicated in the infection prognosis,
have been considered. Third, with this data it was not pos-
sible to compare the comorbidity statuses of deceased and
non-deceased COVID-19 in-patients. Finally, the extraction
of data derived from clinical charts filled in by different spe-
cialists throughout Italy could have introduced some mis-
classification bias in the diagnosis attribution carried out by
the researchers.

In conclusion, disease combinations involving multiple
cardio-respiratory, metabolic, and neuropsychiatric diseases
occur more frequently than expected in individuals who died
due to COVID-19. These same combinations might repre-
sent substrates of worse infection and contribute to the chain
of clinical events that lead to death. The prompt identifica-
tion of such individuals could lead to more effective protec-
tive strategies such as immunization and social protection.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40520-021-01914-y.
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