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ABSTRACT

Introduction: Predictors of coronavirus dis-
ease 2019 (COVID-19)-related rehospitaliza-
tion remain underexplored. This study aims to
identify the main risk factors associated with
rehospitalizations due to severe acute respiratory
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syndrome coronavirus 2 (SARS-CoV-2) reinfec-
tions among residents of Lombardy, northern
[taly.

Methods: A retrospective observational study
was conducted using two linked administrative
databases covering demographic data, comor-
bidities, hospital records, and COVID-19 data
of Lombardy residents. The study population
included patients hospitalized for COVID-
19 between February 2020 and August 2021.
Rehospitalization was defined as a second
COVID-19-related hospitalization occurring at
least 90 days after the first admission. The Fine-
Gray subdistribution hazard model was used to
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identify risk factors, accounting for death as a
competing risk.

Results: Out of 98,369 patients hospitalized for
COVID-19 between February 1, 2020 and August
31, 2021, 72,593 were alive 90 days after admis-
sion and 610 of these (0.8%) were rehospitalized.
A higher rehospitalization risk was observed in
older male patients with multiple comorbidities.
Renal failure, liver disease, and use of diuretics
were significantly associated with rehospitaliza-
tion risk, while female biological sex and the use
of lipid-lowering drugs were associated with a
lower risk.

Conclusions: This is the first study conducted
on regional administrative databases to inves-
tigate COVID-19 rehospitalizations. Through
the availability of a huge cohort, it provides a
groundwork for optimizing care for individu-
als at higher risk for COVID-19-related rehos-
pitalizations. It underlines the need for patient-
management approaches that extend beyond
the initial recovery. This stresses the impor-
tance of ongoing monitoring and personalized
interventions for those at heightened risk not
only of SARS-CoV-2 reinfection but also related
rehospitalizations.
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Why carry out this study?

Elderly and multimorbid individuals are at
elevated risk for coronavirus disease 2019
(COVID-19)-related hospitalizations and
severe outcomes, but the rate and the char-
acteristics of COVID-19-related rehospitaliza-
tions are not as well understood.

The rate of COVID-19-related rehospitaliza-
tions and the main risk factors associated
with COVID-19-related rehospitalizations,
presumably due to a new severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2)
infection, are currently unknown.

Extensive data from administrative databases
provide essential insights into COVID-19,
especially regarding the risk of rehospitaliza-
tions.

What was learned from the study?

Out of 98,369 patients hospitalized for
COVID-19 between February 1, 2020 and
August 31, 2021, 610 (0.8% of alive patients)
were readmitted for COVID-19 at least

90 days after the first admission.

Chronic diseases such as kidney and liver
conditions predict an increased risk of
COVID-19 rehospitalizations, while lipid-
lowering drugs appear to reduce the risk of
COVID-19 rehospitalizations, suggesting a
possible protective effect.

INTRODUCTION

Since the earliest scientific reports follow-
ing the emergence of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2),
the impact of older age and comorbidities on
coronavirus disease 2019 (COVID-19)-related
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hospitalizations and adverse outcomes has
been well documented [1]. In fact, specific
preexisting conditions as well as a cumula-
tive effect of multimorbidity have been clearly
associated with increased hospitalizations and
worse outcomes [2].

Individuals with diabetes, cardiovascular dis-
eases, chronic kidney, lung, and liver diseases,
as well as immune-suppressed patients, are dis-
proportionately impacted by COVID-19. They
also face a higher risk of acquiring SARS-CoV-2
infections and reinfections [3]. Indeed, despite
advances in treatment and increased immunity
in the general population, immune-suppressed
individuals have a reduced immune response to
vaccination and natural infections, leaving them
at higher risk for acquiring SARS-CoV-2 infec-
tions, COVID-19-related hospitalizations, and
severe outcomes [4].

To complicate this scenario, over the last
4 years of SARS-CoV-2 circulation, various viral
variants with differing infectivity, virulence, and
pathogenicity have emerged, leading to numer-
ous cases of reinfections in both immune-sup-
pressed and immune-competent patients. While
clinical manifestations tend to be less severe dur-
ing subsequent infections or after vaccination,
the most vulnerable populations, particularly
the elderly and immune-suppressed, continue
to experience more severe clinical outcomes
requiring hospital admission [5]. However,
although the risk factors for initial COVID-19
hospitalization are well characterized, predictors
of COVID-19-related rehospitalizations remain
less explored.

Several complications can develop in patients
hospitalized for COVID-19, especially those
requiring intensive care or mechanical venti-
lation, leading to additional hospitalizations.
These can result from disease worsening in recur-
rent, persistent SARS-CoV-2 positive patients,
premature discharges, or complications induced
by the virus [6]. Nonetheless, while some studies
have investigated risk factors for hospital read-
mission after initial COVID-19 hospitalization,
most focused on all-cause readmissions, with
limited documentation on those specifically
hospitalized due to a subsequent SARS-CoV-2
infection [7-9].

Tracking patient histories and the relatively
low number of COVID-19-related rehospitaliza-
tions pose challenges for clinical evaluations,
but administrative databases offer a solution.
These databases provide extensive patient data,
enabling detailed analyses of rare events and
tracking clinical histories over multiple years.
In this study, we used administrative databases
to identify patients in Lombardy, a region in
northern Italy, who were hospitalized multiple
times for COVID-19, presumably due to rein-
fections with different SARS-CoV-2 variants,
between February 2020 and March 2022. Lom-
bardy, with over 10 million inhabitants, expe-
rienced the highest COVID-19 burden in early
2020, significantly contributing to Italy’s overall
increase in excess mortality during March-May
2020 [10, 11]. The large population and high
infection rates make it an ideal setting to study
rare COVID-19-related events, including hospi-
tal readmissions.

This is the first study conducted on regional
administrative databases to investigate SARS-
CoV-2-related rehospitalizations. The aim was
to identify the main risk factors associated with
COVID-19-related rehospitalizations, presum-
ably due to a SARS-CoV-2 reinfection, in a popu-
lation of residents of Lombardy. Additionally, we
evaluated intrahospital mortality and intensive
care unit (ICU) access rates of the first and sec-
ond COVID-19-related hospitalizations.

METHODS

Data Source

Our study used two regional linkable adminis-
trative databases of Lombardy to conduct a ret-
rospective observational study. Lombardy is a
northern [talian region with about 10 million
inhabitants, accounting for over 15% of the Ital-
ian population. One database included informa-
tion on demographic data, drug prescriptions,
and hospital records of all Lombardy’s residents.
The second one is a registry of patients with a
confirmed diagnosis of SARS-CoV-2 infection,
containing information on hospital admis-
sions and deaths due to COVID-19. A unique
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identification code allowed the linkage of both
databases.

Healthcare in Italy is publicly funded for all
residents, irrespective of their social class or
employment, and every resident is assigned a
personal identification number that is kept in
the National Civil Registration System. All resi-
dents are assisted by general practitioners under
the National Health System. To ensure privacy,
each identification code was automatically dei-
dentified. The inverse process is allowed only
by the Regional Health Authority on request
from judicial authorities. According to Ital-
ian law, studies using retrospective aggregated
data from administrative databases that do not
involve direct access by investigators to individ-
ual patient data do not require approval, notifi-
cation from an Ethics Committee/institutional
review board, or patient informed consent.

Study Population

We selected patients aged 40 years and older
hospitalized in Lombardy for COVID-19 from
February 1, 2020 to August 31, 2021. The index
date was defined as the first date of hospital
admission for COVID-19. Individuals who were
alive 90 days after the first COVID-19-related
hospital admission were included in the fol-
lowing analyses. Since some evidence indicates
that viral shedding beyond 80 days is rare, and
the virus is cleared in most cases within 30 days
from symptom onset [12], we defined rehospi-
talized patients as those subjects who were hos-
pitalized a second time because of COVID-19 at
least 3 months (90 days) after the first admis-
sion for COVID-19, likely because of an infec-
tion caused by a different SARS-CoV-2 variant

(Fig. 1).

Intrahospital Mortality, ICU Admission,
Comorbidities, and Other Covariates

Demographic data were recorded at the time
of inclusion. Access to the ICU and intrahos-
pital mortality (hospitalization outcomes) were
collected for the first and subsequent COVID-
19 hospital admissions. The history of comor-
bidities (cerebrovascular disease, heart disease,

venous thromboembolism, renal disease, lung,
and liver diseases) in the 5 years before the index
date was assessed using medical records by anno-
tating both the primary diagnosis as well as up
to five coexisting conditions. Diabetes mellitus
was evaluated based on at least two prescriptions
of antihyperglycemic drugs in the 2 years before
the index date. Disease-associated immune sup-
pression was gathered using hospitalization for
cancer (in the 5 years before the index date), pre-
scriptions for antiretroviral drugs, and immune
suppressive treatments (in the 2 years before the
index date) (Supplementary Tables S1 and S2).
Finally, a comorbidity count was established
with the following categories based on the num-
ber of identified comorbidities: 1, 2, 3,>4.
Exposures to medications of interest (cardio-
vascular drugs, drugs for respiratory disease, and
steroidal anti-inflammatory drugs) were also
traced in the 2 years before the index date. Hos-
pitalizations and pharmacy prescriptions were
classified according to the International Clas-
sification of Diseases, ninth revision, and Ana-
tomic Therapeutic Chemical classification code,
respectively (Supplementary Tables S1 and S2).

Study Outcomes and Follow-Up

The outcome of the study was determining
the risk factors for rehospitalizations due to
COVID-19 in the follow-up period starting at
least 90 days after the first COVID-19-related
admission. This 3-month window was chosen
as likely indicative of a different SARS-CoV-2
infection [12]. The follow-up started 90 days
after the index date and proceeded up until the
minimum date between the date of death, the
date of the rehospitalizations, or the end of the
observation period (March 15, 2022, Fig. 1).

Statistical Analyses

The baseline characteristics of the rehospital-
ized and non-rehospitalized patient groups
were described as follows: continuous vari-
ables were reported as median and interquartile
range (Q1-Q3) while dichotomous variables as
frequencies and percentages. Baseline continu-
ous variables were compared using a t-test, and
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A)
Patients hospitalized for COVID-19
(1%t February 2020 — 315t August 2021)
N = 98,369
v
Dead within 3 months from
admission:
\ 4 N= 25,776
Of whom, in hospital
. N=22,213
Alive at 3 months
N=172,593
v v
Non rehospitalized Rehospitalized
for COVID-19 For COVID-19
N="71,983 N=610
B)
COVID-19 Start End
Hospitalization Follow-up Follow-up
Day 0 Day 91 Outcome or death or
13t March 2022

Fig. 1 Study flow chart and timeline. The graph illustrates the number of patients included in the study and in each sub-
group (A) and the follow-up timeline for each patient (B)

categorical variables were compared with a y? patients who died within 90 days after the first
test. hospital admission were not censored. The asso-

The Fine-Gray subdistribution hazard model ciation between baseline characteristics and out-
was used to estimate the probability of being come occurrence was reported as hazard ratio
rehospitalized due to COVID-19 considering all- (HR) with 95% confidence intervals (Cls). The
cause death as a competing risk. In this analysis, HR was calculated taking death into account as
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a competing event. Two different models were
implemented; in the first model, the HR was
adjusted for all covariates collected at baseline
(age, biological sex, ICU, comorbidities, and
medications), while in the second model, age,
biological sex, comorbidity count, and medica-
tions were considered.

A p value<0.05 was used for statistical signifi-
cance. All analyses were done using SAS version
9.4 (SAS Institute).

Patients Hospitalized and Rehospitalized
Because of COVID-19

A total of 98,369 individuals were hospitalized
for COVID-19 in Lombardy between February 1,
2020 and August 31, 2021. Most patients were
male patients (57,813, 58.8%) and belonged
to older age groups (median age, 71.8 years,
IQR 58.3-81.6). The most frequently observed
comorbidities were diabetes (16.3%), immune
suppression (14.0%), and heart diseases (12.9%).
Overall, 25.7% of patients had a presumed his-
tory of at least one comorbidity. A large propor-
tion of patients had prescriptions for at least
one of the considered medications during the
24 months before hospital admission, with
angiotensin-converting enzyme (ACE) inhibi-
tors being the most common (Supplementary
Table S3). Overall, only 348 patients (0.4%)
received a vaccination against SARS-CoV-2. A
total of 25,776 hospitalized patients (26.2%)
died within 3 months after the hospital admis-
sion, with 86.2% of them (22,213/25,776) dying
during the hospitalization period (correspond-
ing to an intrahospital mortality rate of 22.6%,
22,213/98,369).

Figure 1 shows the study flowchart. Overall,
72,593 subjects were alive after the first hospital
admission and were, therefore, included in the
analyses. Of these, 71,983 were never rehospi-
talized because of COVID-19 during the study
period while 610 (0.8%) were rehospitalized for
COVID-19 at least 90 days after the first hospi-
talization, suggesting a likely novel SARS-CoV-2
infection. Finally, 97 died during the second hos-
pitalization (corresponding to an intrahospital
mortality rate during the second hospitalization
of 15.6%). Similarly to intrahospital mortality

rates, ICU admissions were also reported more
frequently during the first hospitalization com-
pared to the second admission (4.2% vs. 2.5%).
Only two patients were rehospitalized for
COVID-19 a third time (at least 90 days after
the second COVID-19-related admission). Addi-
tionally, rehospitalized patients were old (75.7
years, IQR 74.4-83.1), and only 1.8% of them
were admitted to the ICU during the first hospi-
talization. The rate of patients admitted to the
ICU during the first hospitalization was similar
between the two groups of non-rehospitalized
and rehospitalized patients that were alive at
3 months after the first hospitalization (1.7%
vs. 1.8%, Table 1).

Only 41% (29,573/71,983) of non-rehospital-
ized patients were first admitted to the hospital
during the first pandemic wave (from February
1 to September 28, 2020) while this was true for
83.3% (508/610) of subjects in the rehospitalized
group (p<0.01).

Risk Factors Associated with COVID-19
Rehospitalization

The comparison between the non-rehospitalized
and rehospitalized groups is shown in Table 1.
Readmitted patients were older (median age 76
years 67 vs, p<0.001) and were mostly male
patients (61.3%).

The most prevalent comorbidities were heart
disease, diabetes mellitus, and disease-associated
immune suppression, with a higher comorbidity
prevalence in rehospitalized patients (p<0.001).
A significantly higher exposure to medications
was also seen in rehospitalized patients (all
p<0.001).

Figures 2 and 3 report the adjusted forest plots
for two different models, the first adjusting the
HR for all covariates collected at baseline and the
second adjusting for age, biological sex, comor-
bidities count, and medications. A statistically
significant association was observed between
the risk of being rehospitalized and most of the
analyzed variables. The presence of renal fail-
ure (HR=1.8; CI 95% 1.386-2.454), liver disease
(HR=2.1; CI 95% 1.413-3.216), and use of diu-
retic drugs (HR=1.6; CI 95% 1.312-1.997) were
linked to the highest risk of rehospitalizations
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Table 1 Bascline characteristics of patients hospitalized for COVID-19 and alive at 90 days after admission categorized in

non-rehospitalized and rehospitalized

Variables Patients hospitalized for COVID-19 and alive at 90 days from admis-
sion, N=72,593
Groups p value
Non-rehospitalized, Rehospitalized, N=610
N=71,983
Age (years), median (Q1-Q3) 66.7 (54.4-78.0) 75.7 (64.4-83.1) <0.001
Gender (female biological sex), 7 (%) 30,592 (42.5) 236 (38.7) 0.058
COVID-19 ICU admission, 7 (%) 1206 (1.7) 11(1.8) 0.807
Comorbidities, 7 (%)
Cerebrovascular diseases 2463 (3.4) 55 (9.0) <0.001
Heart discase 7039 (9.8) 144 (23.6) <0.001
Cardiovascular diseases 5010 (7.0) 109 (17.9) <0.001
Atrial fibrillation 3116 (4.3) 66 (10.8) <0.001
Venous thromboembolism 860 (1.2) 16 (2.6) 0.001
Renal failure 1982 (2.8) 70 (11.5) <0.001
Chronic kidney disease 1838 (2.6) 68 (11.2) <0.001
ESKD 754 (1.1) 21 (3.4) <0.001
Lung diseases 3415 (4.7) 91 (14.9) <0.001
Liver disease 727 (1.0) 24 (3.9) <0.001
Diabetes 10,178 (16.3) 151 (24.8) <0.001
Immune suppression 8848 (12.3) 127 (20.8) <0.001
Cancer 6027 (8.4) 104 (17.1) <0.001
Solid 5654 (7.9) 89 (14.6) <0.001
Hemarological 476 (0.7) 20 (3.3) <0.001
HIV 404 (0.6) 5(0.8) 0.396
Immunosuppressive treatment 3033 (4.2) 38 (6.2) 0.014
Comorbidities count
1 17,039 (23.6) 195 (32.0) <0.001
2 5531 (7.7) 119 (19.5) <0.001
3 1739 (2.4) 44(7.2) <0.001
>4 522 (0.7) 27 (44) <0.001
Medications of interest, 7 (%)
ACE-I/ARBS 30,613 (42.5) 328 (53.8) <0.001
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Table 1 continued

Variables Patients hospitalized for COVID-19 and alive at 90 days from admis-
sion, N=72,593

Groups p value

Non-rehospitalized, Rehospitalized, N=610

N=71,983
Diuretics 11,804 (16.4) 240 (39.3) <0.001
Beta-blockers 19,179 (26.6) 274 (44.9) <0.001
Ca-antagonists 12,914 (17.9) 179 (29.3) <0.001
Lipid-lowering drugs 20,338 (28.3) 232 (38.0) <0.001
Antiplatelet drugs 13,986 (19.4) 232 (38.0) <0.001
Oral anticoagulant drugs 6279 (8.7) 104 (17.1) <0.001
Drugs for respiratory disease 13,018 (18.1) 175 (28.7) <0.001

Steroidal anti-inflammatory drugs 16,554 (23.0) 160 (26.2) 0.059

ICU intensive care unit, /7 human immunodeficiency virus, ESKD end-stage kidney disease, 4CE-I angiotensin-convert-
ing enzyme inhibitors, 4/RBs angiotensin II receptor agonist blockers

Risk factors HR (CI 95%)
Age ® 1.02 (1.01 - 1.03)
Biological sex (F vs M) —e—i 0.79 (0.67 — 0.94)
ICU Admission ' ® | 1.44 (0.79 - 2.62)

Comorbidities (yes vs no)

Cerebrovascular disease I ® y 1.52 (1.13 -2.05)
Heart disease —_——————— 1.18 (0.94 — 1.49)
VIE ' = | 1.22 (0.72 - 2.05)
Renal failure " PY i 1.84 (1.39-2.45)
Lung disease —_———— 1.62 (1.26 —2.07)
Liver disease ' P | 2.13(1.41-3.22)
Diabetes — e 1.30 (1.06 — 1.59)
Immunesuppression ——— 1.40 (1.14-1.71)
Medication (yes vs no)
ACE-I/ARBS — e 0.89 (0.74 — 1.07)
Diuretics — e 1.62 (1.31 —2.00)
Beta blockers 00— 1.22 (1.01 - 1.49)
Ca-antagonists —e— 1.07 (0.88 — 1.30)
Lipid lowering —— 0.75 (0.62 - 0.91)
Antiplatelets ——— 1.42 (1.16 - 1.74)
Oral anticoagulant —— 0.98 (0.76 — 1.26)
Drugs for respiratory disease —— 1.25 (1.04 - 1.49)
Steroidal anti-inflammatory —— 0.96 (0.81 — 1.15)
0,5 1 1,5 2 2,5 3 3,5
Fig.2 Adjusted hazard ratios (HZ) and 95% confi- sion. Abbreviations. /CU intensive care unit, ' 7E venous
dence intervals (CI 95%) of being rchospitalized (model thromboembolism, 4CE-I angiotensin-converting enzyme

1) for COVID-19 at least 90 days after the first admis- inhibitors, ARBs angiotensin II receptor agonist blockers
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Risk factors HR (CI95%)
Age ® 1.02 (1.01 — 1.03)
Biological sex (F vs M) r 0.79 (0.67 — 0.93)
ICU Admission —— 1.41 (0.77 — 2.58)

Comorbidities count (vs 0)

1 —e—i 1.83 (1.48 -2.26)
2 —— 2.75(2.12-3.57)
3 [ — 2.79 (1.94 - 4.02)
4+ Ty 5.02(3.21-7.85)
Medication (yes vs no)
ACE-I/ARBS . 0.85(0.71 - 1.01)
Diuretics —e— 1.65 (1.34 - 2.03)
Beta blockers —o— 1.20 (0.99 — 1.46)
Ca-antagonists Ho— 1.10 (0.91 - 1.33)
Lipid lowering HoH 0.71 (0.58 — 0.85)
Antiplatelets —o—i 1.37(1.12-1.67)
Oral anticoagulant O 0.91(0.72 - 1.16)
Drugs for respiratory disease —o—i 1.27 (1.06 — 1.53)
Steroidal anti-inflammatory v 0.96 (0.80 - 1.15)
0,5 1 LS 2 25 3 4 45 5 55 6 65 7 715 8

Fig. 3 Adjusted hazard ratios (HZ) and 95% confi-
dence intervals (CI 95%) of being rehospitalized (model
2) for COVID-19 at least 90 days after the first admis-

for COVID-19. A lower risk was associated with
female biological sex and the use of lipid-lower-
ing drugs (Fig. 2).

In the second model, the coexistence of four
or more comorbidities was associated with a
very high risk of rehospitalizations (HR 5.02, CI
3.21-7.85). A statistically significant increased
risk was also observed for patients treated with
diuretics, antiplatelet drugs, and drugs for res-
piratory disease, while a lower risk was seen
in female patients and patients who were pre-
scribed lipid-lowering drugs, similarly to what
was observed in model 1 (Fig. 3).

DISCUSSION

While several studies assessed the roles of
comorbidities, age, and other factors contribut-
ing to the risk of COVID-19-related hospitaliza-
tions, almost no study investigated patients who
were hospitalized a second time because of a
second SARS-CoV-2 infection. This study aimed

sion. Abbreviations. ICU intensive care unit, ACE-I angi-
otensin-converting enzyme inhibitors, ARBs angiotensin II
receptor agonist blockers

for the first time at investigating these cases on
a large population, providing critical insights
into the risk factors associated with COVID-19
rehospitalizations among residents of Lombardy,
northern Italy.

First, as for the initial hospitalization due to
COVID-19, age and comorbidities stand out
as significant factors in rehospitalizations risk.
Since its emergence, COVID-19 has dispropoz-
tionately impacted older adults [13] who also
have a higher prevalence of comorbidities inde-
pendently associated with severe COVID-19
outcomes [14]. This trend is clearly reflected
in our findings, reinforcing the importance of
prioritizing these vulnerable groups for both
the management of the initial episode and the
subsequent and ongoing care. In fact, as clearly
shown in our study, older and comorbid indi-
viduals are not only at a higher risk of hospitali-
zation, severe outcomes, and COVID-19-related
death but are also at higher risk of rehospitaliza-
tions after surviving an initial COVID-19-related
admission.
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Older patients who survive the initial severe
phase of COVID-19 may have underlying health
conditions that increase their vulnerability to
complications at a later stage, necessitating
rehospitalizations in case of a new SARS-CoV-2
infection. In contrast, younger patients and
those with fewer comorbidities might either
recover fully or, if severely affected, might not
survive the initial hospitalization. This suggests
that age, coupled with chronic health issues,
plays a crucial role not only in the risk of mor-
tality but also in the likelihood of experiencing
lingering or recurring health problems after the
acute phase of the illness.

Notably, chronic kidney (CKD) and liver
(CLD) diseases were found to be particularly
strong predictors of rehospitalizations. Although
being affected by an immune suppressive disease
remains a major risk factor for severe COVID-
19 and related death [15], CKD and CLD are
also strongly associated with an increased risk
of COVID-19 infection and subsequent adverse
outcomes, including hospitalization, respira-
tory failure, and mortality [16, 17]. In fact, it
has been suggested that CLD, which is linked to
significant hepatic fibrosis, enhances the release
of several hepatokines, which play a major role
in the development of severe COVID-19 medi-
ating inflammation [18]. Additionally, several
studies have reported that patients with COVID-
19 with CLD experience a sharp increase in liver
enzymes, leading to more severe illness [19].
Similarly, CKD notoriously increases the risk of
COVID-19-related mortality and disease sever-
ity [20], and importantly, the risk increases in
patients with advanced CKD stages [21]. Moreo-
ver, kidney involvement is common in COVID-
19, with multiple direct and indirect implicated
mechanisms, such as SARS-CoV-2 tropism,
endothelial dysfunction, systemic effects of
SARS-CoV-2 infection, and subsequent critical
care interventions [22].

Our findings also highlight the association
between medication use and rehospitalizations.
Specifically, patients on diuretic drugs, anti-
platelet drugs, and medications for obstructive
respiratory diseases faced higher rehospitaliza-
tions rates. This is likely due to the underly-
ing conditions for which these medications
were prescribed that may be exacerbated by

COVID-19. Unfortunately, we are not aware of
the specific reasons for which these drugs were
prescribed. Conversely, the use of lipid-lowering
drugs appeared to offer some protective ben-
efits. Notably, alterations in lipid profiles were
closely connected to the severity of COVID-19.
In fact, reduced high-density lipoprotein levels
and increased triglyceride levels were signifi-
cantly associated with more severe forms of the
disease [23]. Although some studies have pro-
posed the role of viral inflammation in affect-
ing lipid metabolism [24], further investiga-
tion is required to thoroughly comprehend the
mechanisms linking COVID-19 with lipid profile
alterations and to devise effective strategies for
preventing and managing COVID-19-related
dyslipidemia. This finding adds knowledge for
potential preventive treatment strategies that
might mitigate the risk of severe COVID-19
outcomes.

Although a trend suggesting a higher risk
of rehospitalizations following ICU admission
during the first hospitalization was observed,
it did not reach statistical significance. There-
fore, a previous COVID-19-related ICU admis-
sion was not a predictor of higher risk of rehos-
pitalizations. Although the sample size could
impact this finding, it is somewhat intriguing,
given that ICU admission often indicates severe
disease. However, this could be explained by
the high mortality rates observed among ICU
patients during their initial hospitalization [25].
Essentially, many of the most severe cases that
required ICU care may not have survived the
first hospitalization. This could explain why ICU
admission is not strongly linked to rehospitaliza-
tion risk.

Finally, our study observed higher intrahos-
pital mortality and ICU admission rates during
the first hospitalization compared to the sec-
ond. This could be attributed to several factors,
including the initial chaos and resource con-
straints experienced during the early waves of
the pandemic, when the healthcare system was
overwhelmed. Additionally, it is important to
consider that reinfections, even among immune-
suppressed individuals, are generally believed to
be milder than the initial infection [26].

This study has several strengths. Firstly, it
emphasizes the importance of Big Data analytics
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as it benefitted from the use of administrative
databases. These databases allowed us to analyze
the entire population of hospitalized patients
with confirmed SARS-CoV-2 infection in Lom-
bardy, the first region in the Western world to
experience a rapid and severe surge in COVID-
19 cases. By including such a large and diverse
population (~ 10 million inhabitants) we were
able to investigate a relatively rare occurrence,
COVID-19-related rehospitalizations, with sub-
stantial statistical power. This would not have
been possible using data from a single hospital
or smaller cohorts. Administrative databases are
widely regarded as a reliable tool for analyzing
outcomes in large patient cohorts, as they collect
data comprehensively over time in a standard-
ized manner and at a low cost [27, 28]. Moreo-
ver, these databases provided detailed informa-
tion on patients’ medical histories, including
preexisting comorbidities and medication use.
This enabled us to simultaneously explore mul-
tiple aspects of patient outcomes and perform
robust analyses.

Another key strength of our study is the use of
standardized outcome definitions and adjusted
the analyses for a large set of available variables
such as age, biological sex, preexisting condi-
tions, use of medications, and ICU admission
during the first hospitalization as proxy of
COVID-19 severity.

However, some limitations must be acknowl-
edged. Firstly, administrative databases cannot
conclusively differentiate between hospitaliza-
tions due to persistent SARS-CoV-2 infection and
those caused by new reinfections. Persistent viral
shedding beyond 80 days is rare and primarily
occurs in severely immune-suppressed indi-
viduals, with the virus typically being cleared
within 30 days from symptom onset [12]. To
address this uncertainty, we adopted a con-
servative approach by applying a 90-day win-
dow to define presumed reinfections. While this
approach minimizes the inclusion of patients
with persistent infections in the rehospitalized
group, it may have excluded a small number of
true reinfections occurring earlier. Despite this
limitation, we believe that our approach ensures
the robustness of our conclusions while reduc-
ing the risk of misclassification. We also have
to point out that the number of patients with

hematological malignancies, among which
immune suppression is particularly marked,
was low in the investigated population. Sec-
ondly, the high percentage of patients in the
rehospitalized group that were firstly hospital-
ized during the first pandemic wave could par-
tially be attributed to the longer observation
time available for these individuals, compared
to those hospitalized later. This creates a poten-
tial time bias, as patients admitted earlier had a
greater window during which a second hospi-
talization could occur. Additionally, later SARS-
CoV-2 variants were overall associated to a less
severe disease [29], and risk factors associated
to rehospitalizations may vary according to the
variants involved. Further studies extending the
observation period beyond what was considered
in this study may be able to elucidate this aspect.
Thirdly, the reliance on administrative databases
introduces inherent limitations. Specifically,
although clinical history was collected through
the hospital records, information about the pre-
cise timing of administration and the purpose of
medication use was not available to us. Finally,
the absence in this database of clinical data such
as laboratory results, imaging findings, detailed
intrahospital events, and medications adminis-
tered during hospitalization may lead to residual
confounding.

Follow-up studies, including information
noted in patient hospitalization charts, should
be performed to evaluate additional clinically
relevant aspects of rehospitalized patients. Addi-
tionally, follow-up studies in diverse regions and
settings will be critical to validate these findings
and refine public health recommendations.
Indeed, the unique characteristics of Lombardy,
including the high burden of COVID-19 during
the early phases of the pandemic, may not be
tully representative of other regions or countries.

Despite these limitations, this study provides
valuable insights into the risk factors associ-
ated with COVID-19-related rehospitalizations,
offering a foundation for future research, patient
management optimization, and the potential
development of preventive strategies.
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CONCLUSIONS

Our findings revealed that older age, a high
comorbidity count, and specific conditions
such as renal failure, liver disease, and the use
of diuretics were significantly associated with
an increased risk of SARS-CoV-2 rehospitaliza-
tions. In contrast, biological female sex and
the use of lipid-lowering drugs were associated
with reduced risk. These findings emphasize the
importance of ongoing care for vulnerable pop-
ulations and suggest opportunities for targeted
preventive strategies, particularly among high-
risk patients with multiple comorbidities. By lev-
eraging administrative databases and analyzing
a large cohort, this study provides robust evi-
dence to inform future clinical and public health
interventions aimed at reducing the burden of
COVID-19-related rehospitalizations.
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